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To evaluate  nesfatin as an indicator of  early atherosclerotic changes in   patients with type 1 diabetes 
.Our study encompassed  seventy  diabetic patients ( type 1)  together with fifty   healthy volunteers  of 
matched age and sex .The patients group showed a mean age of 17.99 ± 2.59 yrs,   the duration of 
diabetes  showed a mean of  10.91 ± 3.54 yrs  and the disease onset mean  was  7.00 ± 3.28 yrs.Serum 
levels of  lipid profile, nesfatin  and oxidized low-density lipoprotein (OxLDL) were determined. 
Glycosylated HA1C was assessed. Collection of urine samples   for estimation of albumin/creatinine 
ratio. Determination of Carotid (cIMT) and aortic (aIMT) intima-media thickness.  Diabetic patients 
showed significantly higher levels of   Nesfatin, OxLDL, albumin/creatinine ratio, cIMT and aIMT.A 
significant positive correlation between Nesfatin with cholesterol and aIMT was established .On the 
contrary it had a negative correlation with HDL.  OxLDL   showed  a significant positive correlation with 
waist/hip ratio and HbA1c. Nesfatin had a good diagnostic accuracy (AUC = 0.6) in patients with aIMT 
and cIMT. Nesfatin had a good sensitivity and specificity in relation to aIMT (68.3 and 60 respectively) 
than cIMT (90.9 and 37.5 respectively).Nesfatin is higher in diabetic patients and had a good diagnostic 
accuracy for early detection of atherosclerosis. 
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INTRODUCTION 

Atherosclerosis is a challenging healthcare 
problem being the   most common form of 
cardiovascular disease, with its pathological 
changes involving mainly large- and medium-
sized arteries subsequently allowing for   lipids 
deposition and calcification in the intima (Isoda et 
al., 2003). Improvements in imaging technology 
paved the way for identifying early vascular 
changes that can be assessed non invasively 
using ultrasound (Isoda et al., 2001). The need for 
assessment of atherosclerosis risk can be 
achieved by Carotid intima-media thickness 

(cIMT); a simple, noninvasive, sensitive and 
screening tool (Kota et al., 2013; Gupta et al., 
2013; Adly et al ., 2014).  However, various 
autopsy studies   showed that  the  abdominal 
aorta  is the  primary site where  the early   
atherosclerotic lesions  start to develop  ,so a  
better index of  preclinical atherosclerosis in high-
risk children than cIMT can be provided by  Aortic 
intima-media thickness (aIMT)  (Ja¨rvisalo et al., 
2001; Abo El-Asrar et al., 2016). 

NEFA/nucleobindin2 (NUCB2)     is a large 
precursor protein from which Nesfatin-1 , a newly 
identified 82 amino acid peptide is derived , (Oh et 
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al., 2006). Food intake  is dramatically reduced 
when Nesfatin-1  was administered into the third 
cerebral ventricle of rats at picomole doses. 
Recently Shimizu et al. (2009), has shown that 
food intake was suppressed after intraperitoneal 
injection of nesfatin-1 and this suppression 
occurred in a dose-dependent manner.  The 
NUCB2 expression in the paraventricular nucleus 
(PVN) was reduced by 24-h fasting and  refeeding 
activates nesfatin-1 containing neurons in the 
PVN (Brailoiu  et al., 2007; Kohno  et al., 2008), 
the control of feeding behavior and metabolism  is 
known to be linked with such  nucleus (Oh et al., 
2006; Kohno  et al., 2008), implying  that nesfatin-
1 may  play physiological  role  in food intake. A 
potential regulatory assumption of endogenous 
nesfatin-1 in the inhibition of food intake was 
suggested by the stimulation of food intake 
following   i.c.v. injection of a nesfatin-1 antibody 
(Kohno et al., 2008; Q.-C. et al., 2010). 

To the best of our knowledge, up till now, 
there are no published data on serum levels of 
nesfatin in patients with type 1 diabetes mellitus 
and its relation to atherosclerosis.  Therefore, 
more still to be elucidated in this field and hence 
we aimed to evaluate nesfatin as an indicator of 
early atherosclerotic changes in patients with type 
1 diabetes. 

MATERIALS AND METHODS 

Patients:  
The study included 70 type 1 diabetic patients 

selected from those attending the endocrine clinic, 
National Research Centre. The control group 
consisted of 50 healthy volunteers, age and sex 
matched. Control group was the healthy friends or 
relatives of our patients.  

Inclusion criteria:   
Adolescents type 1 diabetic patients, duration 

of disease > 5 years, patients age > 14 and < 19 
yrs. old. 

 Exclusion criteria were: 
Patients during  diabetic ketoacidosis (DKA) 

or hypoglycemia, patients suffering from cardiac 
diseases e.g. congenital, rheumatic heart, left 
ventricular dysfunction, patients on metformin or 
multivitamins.  
 
Study design and protocol:  

It is a cross-sectional observational study 
done after obtaining approval from the ethical 
committee of the National Research Centre, 

Cairo, Egypt. Registration number is 11052. 
Written informed consent was obtained from all 
participants or their parents after full discussion 
about the aim of the study.  

All the studied patients were subjected to:  
Full history taking including: age of patients, 

sex, age of onset of diabetes, duration of 
diabetes, type and dose of insulin therapy, and 
family history of diabetes.  

Clinical examination:  
1Patients and controls were subjected to 

general, cardiac, chest and neurological 
examination.  

II. Blood pressure was measured three times 
for patients and controls after 5-minute rest in the 
sitting position on both upper limbs with the use of 
automatic manometer (Omron M4 Plus, Omron 
Health care Europe, Hoof drop, and Holland). The 
mean value of the second and the third 
measurement was calculated. The measurements 
taken on the dominant limb were analyzed.  

III. Anthropometric measurements in the form 
of weight, height, waist circumference (WC), and 
hip circumference (HC) were taken for each 
participant. The weight and height of the 
participants were measured up to 0.01 kg and 0.1 
cm using a Seca Scale Standing Balance and a 
Holtain Portable Anthropometer (Holtain, Ltd, 
Crymmych, Wales, U.K.). Body mass index (BMI) 
(kg/m2) was calculated according to the standard 
formula BMI = weight (kg)/ [height (m)]2 .Waist 
circumference was measured at the level of the 
umbilicus with the participant standing and 
breathing normally; hip circumference was 
measured at the level of the iliac crest, using non 
stretchable plastic tape to the nearest 0.1 cm. The 
waist / hip ratio and waist / height ratio (cm/ cm) 
were calculated. Each measurement was taken as 
the mean of three consecutive measurements, 
using standardized equipment (Cameron., 1986; 
Tanner et al., 1969).  
 
Laboratory investigation:  

Simultaneously all patients and controls 
underwent the following tests:  

All patients and controls underwent the 
following tests: venous blood was sampled after a 
12-h fast for measurement  of  serum levels  of  
lipid  profile[total cholesterol (mg/dL) , high density 
lipoprotein( HDL) cholesterol (HDL-C, mg/dL), and 
triglycerides (mg/dL)] was performed on 
automated clinical chemistry analyzer (OLYMPUS 
AU400) . Low density lipoprotein cholesterol (LDL-
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C) level was calculated using Friedewald formula: 
LDLc=TC-HDLc-TG/5 mg/dl (Friedewald et al., 
1972). 

Venous blood samples were obtained from 
each subject in a sterile EDTA vacutainer tubes 
for measuring glycated haemoglobin (HbA1c). It 
was measured using The NycoCard READER II 
(Alere Technologies AS, Kjelsåsveien 161, P.O. 
Box 6863 Rodeløkka, NO-0504 Oslo, Norway). 
Glycated hemoglobin (HbA1c) was done every 3 
months and the mean value was calculated per 
year. 

Screening for microalbuminuria was assessed 
in fresh morning urine samples by measuring 
albumin/creatinine ratio. Urinary albumin was 
measured by NycoCard READER II (Alere 
Technologies AS, Kjelsåsveien 161, P.O. Box 
6863 Rodeløkka, NO-0504 Oslo, Norway). Urinary 
creatinine was assayed using automated clinical 
chemistry analyzer (OLYMPUS AU400) after 
dilution in ratio of 1:50. 

Serum Human nesfatin and OxLDL was 
measured by ELISA (quantitative sandwich 
enzyme linked immunosorbent assay technique) 
(Assaypro LLC 3400 Harry S Truman Blvd,St. 
Charles, MO 63301, F (636) 395-7419Catalog No. 
ER1001-1). 

Carotid intima-media thickness (cIMT) 
assessment: 

The images were obtained using (General 
Electric medical ultrasonographic machine model: 
Vivid 7 Pro, GE Vingmed ultrasound AS-Nl90, 
Horton-Norway equipped with 7.5–10 MHz linear-
array transducer). A longitudinal section of the 
common carotid artery 1 cm proximal to the 
carotid bulb was imaged to achieve consistent site 
of measurement, and a resolution box function 
was used to magnify this part of the artery. Three 
maximal IMT measurements of the far wall of the 
artery at 3-mm intervals were obtained starting at 
1 cm proximal to the bulb and moving proximally. 
The reported IMT for each side is the average of 
these 3 measurements and the reported IMT for 
each subject is the average of the 6 
measurements (3 measurements from the right 
and 3 from the left common carotid artery). 
Magnification of the vessel wall allows easy 
identification of the intimal-medial complex, 
defined by the border between the echolucent 
vessel lumen and the echogenic intima and the 
border between the echolucent media and 
echogenic adventitia. Image frames are selected 

on the basis of areas where the intima-media 
complex is best visualized and appears the 
thickest, irrespective of the cardiac cycle, with 
manual assessment by the sonographer using 
electronic calipers online (Singh et al., 2003).  

Measurement of aIMT 
The abdominal aorta was first identified in the 

upper abdomen using a 7.5 MHz pediatric phased 
array transducer, and it was then followed distally 
until the aortic bifurcation was reached. The depth 
(anterior-posterior direction) and location (cranio- 
caudal direction) of the distal 15 mm of the 
abdominal aorta was measured from these 
images and used as an aid to locate the aortic 
intima-media complex using a 10 MHz linear array 
transducer. For the assessment of aIMT, the 
image was focused on the far wall (dorsal arterial 
wall of the most distal 15 mm of the abdominal 
aorta), and gain settings were used to optimize 
image quality (McGill et al., 2000). At least 3 
measurements were taken, followed by averaging 
the three measurements of each patient to 
calculate aIMT (Ja¨rvisalo et al., 2001). 

Statistical Analysis:  
Statistical analysis was conducted using 

Statistical Package for Social Science (SPSS) 
program version 17.0 (Chicago, Illinois, USA). t –
test or Mann Whitney-U (for non-symmetrically 
distributed data) for independent variables was 
done. Pearson's or spearman correlation was 
done. Receiver Operating Characteristic curve 
(ROC curve) was used for evaluating of  nesfatin 
for detecting cases of atherosclerosis in relation to 
aortic intimal medial thickness and carotid intimal 
medial thickness. 
 
RESULTS  

The study compromised seventy   patients 
with type 1 diabetes and  fifty   healthy volunteers  
matching in age and sex  . Our patients  showed a  
mean age  of 17.99 ± 2.59 yrs,     duration of 
diabetes showed a mean  of 10.91 ± 3.54 yrs, the   
mean disease onset  was 7.00 ± 3.28 yrs. Table 1 
showed anthropometric, laboratory  
characteristics  and carotid and aortic intimal 
medial thickness of diabetic patients and controls.  
Table 2 showed correlation  between Nesfatin, 
OxLDL and data of diabetic  patients. ROC curve 
of  nesfatin for detecting cases of atherosclerosis 
in relation to aortic intimal medial thickness and 
carotid intimal medial thickness (table 3, fig 1,2). 
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Figure 1: ROC curve of nesfatine and aIMT 

 

Figure 2: ROC curve of nesfatine and cIMT 

Table 1 :Data of Diabetic Patients  compared to Controls  

Variables 
Patients Controls 

P-value 
Mean SD Mean SD 

Body mass index  (BMI) (kg/m2) 24.44 3.89 21.86 6.47 0.3 

Waist/ hip ratio 0.88 0.08 0.88 0.07 0.3 

Waist /height ratio 0.51 0.07 0.48 0.10 0.3 

Albumin / creatinine ratio (µg/g creatinine) 69.69 81.29 8.45 10.68 0.001 

Cholesterol (mg/dl) 194.86 63.65 176.41 37.27 0.1 

Triglyceride (mg/dl) 106.59 53.12 89.24 49.95 0.1 

HDL-c (mg/dl) 49.31 16.35 48.07 36.12 0.8 

LDL - c (mg/dl) 116.49 39.10 94.16 34.66 0.01 

OxLDL(ng/ml) 43.34 14.21 26.58 13.74 0.0001 

Nesfatin (ng/ml) 1.53 5.27 0.24 0.21 0.04 

carotid intimal medial thickness (cIMT) 0.52 0.07 0.41 0.03 0.0001 

Aortic intimal medial thickness (aIMT) 0.72 0.11 0.46 0.04 0.0001 

Bold indicate significance 
LDL: Low density lipoprotein, HDL: high density lipoprotein, OxLDL: oxidized low density lipoprotein 
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Table 2: Correlation  between Nesfatin, OxLDL and data of diabetic  patients 
 

Variables 
Nesfatin (ng/ml) OxLDL (ng/ml) 

r P- value r P-value 

Age (yrs) 0.12 0.36 0.11 0.38 

Duration of disease (yrs) 0.04 0.74 0.00 0.98 

Onset of disease (yrs) -0.01 0.97 0.09 0.48 

Insulin dose (U/kg) 0.18 0.17 0.13 0.28 

Systolic blood pressure (mmHg) -0.03 0.80 0.15 0.22 

Diastolic blood pressure (mmHg) -0.02 0.85 0.08 0.53 

Mid arm circumference (cm) -0.06 0.66 0.01 0.92 

Body mass index (kg/m2) 0.23 0.06 0.18 0.14 

Waist/ hip ratio -0.01 0.95 0.18 0.14 

Waist / height ratio 0.22 0.09 0.28 0.03 

HbA1c(%) 0.00 1.00 0.31 0.01 

Albumin / creatinine ratio (µg/ g creatinine ) 0.27 0.08 0.18 0.23 

Cholesterol ( mg/ dl) 0.25 0.05 0.08 0.54 

Triglyceride (mg/dl) 0.16 0.25 0.10 0.48 

HDL c (mg/dl) -0.27 0.05 0.04 0.77 

LDL-c (mg/dl) 0.08 0.58 0.00 0.98 

OXLDL (ng/ml) 0.09 0.50 1.00 
 

Aortic intimal medial thickness (mm) 0.25 0.04 0.05 0.67 

Carotid intimal medial thickness (mm) 0.19 0.12 0.01 0.94 

Bold indicate significance, HbA1c: glycosylated hemoglobin 
LDL: Low density lipoprotein, HDL: high density lipoprotein, OxLDL: oxidized low density lipoprotein 
 
Table 3: ROC curve of  Nesfatin for detecting cases of atherosclerosis in relation to aortic intimal 
medial thickness and carotid intimal medial thickness 
 

Variables AUC SE 95% C.I Cut off Sensitivity Specificity +LR -LR 

aIMT 0.638 0.088 0.517-0.747 >0.19 68.3 60 1.71 0.53 

cIMT 0.648 0.074 0.526-0.758 >0.12 90.9 37.5 1.45 0.24 

ROC : Receiver Operating Characteristic curve , aIMT: Aortic intimal medial thickness, cIMT: Carotid 
intimal medial thickness, AUC: area under the curve, SE: standard error 
+LR : Positive likelihood ratio, -LR: Negative likelihood ratio 
C.I: Confidence interval 
 
DISCUSSION 

Our study revealed a statistically significant 
higher levels of  LDL, OxLDL,  albumin/creatinine 
ratio, cIMT and aIMT  in diabetic patients 
compared to control group . aIMT is higher  than 
cIMT in diabetic patients.  Increase in cholesterol, 
TG and LDL causes increased risk of 
cardiovascular diseases, and HDL level is 
inversely correlated with the risk of cardiovascular 
diseases (Noushin et al., 2017). 

Diabetes is a  well identified  risk  factor for 
early onset atherosclerosis imposing  high 
mortality rate in such  patients  and it is related to 
cardiovascular diseases. Lipid storage of systemic 
arteries on intima-media layers is the  first 

presenting hallmark  of atherosclerosis (McGill  et  
al., 2000; Berenson et al., 1998). Assessment of 
intima-media thickness and elasticity of  blood 
vessels is  a  non-invasive method for early 
detection of  atherosclerosis, and carotid artery, 
which can be non-invasively imaged and easily 
scanned(Ja¨rvisalo  et al., 2001; Salonen  et al., 
1991, Jarvisalo et al., 2004; Celermajer et al., 
1992;  Jarvisalo  et al., 2002). Recent studies 
done following the development  in ultrasound 
techniques have remarked that it would be more 
significant to measure the thickness of aortic 
intima-media as an early indicator of atherosclero-
sis (Harrington  et al., 2010; Murat et al., 2015 ). 
Atherosclerotic heart disease is a preventable 
disease as primary prevention can be  our goal by 
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identifying  disease-causing factors  and 
thereafter elimination . Early detection of the 
process using non-invasive easy methods plays a 
pivotal role in hindering  diseases leading up to 
atherosclerosis  such as diabetes (Murat et al., 
2015). 

Our Type 1 diabetic patients showed higher 
Nesfatin level  when compared to controls . By 
comparing T1 DM patients to healthy subjects  ; 
the mean  levels of fasting plasma Nesfatin-1  
were slightly but not significantly higher in type1 
diabetes patients  (Qing-Chun et al., 2010). 

Conflicting results have been questioning the   
increase in nesfatin levels in diabetic patients (Q.-
C.  et al., 2010; Z. Zhang  et al., 2012).   However 
, the reasons for such discrepancy  remains  
unclear. For instance, the possible association 
between Nesfatin-1 and insulin  still to be 
elucidated ; nesfatin-1 stimulates the excretion of 
insulin in pancreatic beta cells (M. Nakata et al., 
2013; N. Ramesh et al., 2015), insulin directly   
increases  nesfatin-1 secretion (M. Bonnet et al., 
2013; D. Gantulga et al., 2012),  the actions of 
insulin  is enhanced by nesfatin -1 via  increasing 
peripheral and hepatic insulin sensitivity, which in 
turn leads to decreased gluconeogenesis and 
enhanced peripheral glucose uptake in vivo by  
affecting the 
PEPCK/InsR/IRS1/AMPK/Akt/TORC2 pathway 
(M. Yang  et al., 2012; D. Wu  et al., 2014; Amin  
et al., 2017).  

The present study established a significant 
positive correlation between Nesfatin with 
cholesterol and aortic intimal medial thickness and 
negative correlation with HDL.  As the increase in 
aortic intimal thickness occur before cIMT,  hence   
Nesfatin  can be candidate as a marker for early 
detection of atherosclerosis. Nesfatin  had a good 
diagnostic accuracy (AUC = 0.6) in  diabetic 
patients with aIMT and  cIMT. Nesfatin had a 
good sensitivity and specificity in relation to aIMT  
(68.3 and 60 respectively ) than cIMT (90.9 and 
37.5 respectively). 

In our study, we found that OxLDL had a 
significant positive correlation with waist/ height 
ratio and HbA1c. Atherosclerosis occur early in 
patients with uncontrolled diabetes. 
We conclude that,  nesfatin level  is higher in 
diabetic patients and had a good diagnostic 
accuracy for early detection of atherosclerosis. 
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