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Background and Aim. Low plasma adiponectin has been found in both obese subjects and patients with type 2 diabetes mellitus
(T2DM). Also, it was reported in patients with nonalcoholic fatty liver disease (NAFLD). We assessed plasma adiponectin and
its correlation with carotid intima-media thickness (CIMT), as a marker of atherosclerosis, in Egyptian patients with NAFLD.
Methods and Results. The study included 200 Egyptian subjects. They were divided into four equal groups: group 1: obese
patients with NAFLD and T2DM (O+/NAFLD+/DM+), group 2: nonobese patients with NAFLD and T2DM (O-/NAFLD+/
DM+), group 3: obese nondiabetic patients with NAFLD (O+/NAFLD+/DM-), and group 4: nonobese healthy control subjects.
Plasma adiponectin was measured using ELISA (enzyme-linked immunosorbent assay) technique. Ultrasonography was used
to diagnose NAFLD. CIMT was assessed using Doppler ultrasonography. Plasma adiponectin was significantly lower and
CIMT was significantly higher in O+/NAFLD+/DM+, as compared with O-/NAFLD+/DM+, O+/NAFLD+/DM-, and control
subjects (p < 0.001 for all). A significant negative correlation was found between adiponectin and CIMT in obese patients with
NAFLD (p <0.05), but not in patients with NAFLD and T2DM. The significant independent predictors of CIMT were diabetes
duration, BMI (body mass index), albumin/creatinine ratio, and cholesterol. Conclusion. Plasma adiponectin is inversely
correlated with CIMT in obese patients with NAFLD, but not in patients with NAFLD and T2DM. Hypoadiponectinemia could
be a good indicator of cardiovascular risk in obese patients with NAFLD, with or without T2DM, but not in nonobese patients
with NAFLD.

1. Introduction

Adiponectin is one of the adipokines that is secreted and
produced by adipose tissues. It is well known for its benefits
and role in cardioprotection, as it has antiatherogenic, anti-
inflammatory, and antidiabetic effects [1-3]. In obese in-
dividuals, adiponectin plasma levels and expression are
decreased [4, 5]. Also, patients with nonalcoholic fatty liver
disease (NAFLD) have low plasma levels of adiponectin [6].

Increasing BMI (body mass index) and visceral obesity
are associated with decreased level of circulating adipo-
nectin. When weight loss occurs, circulating level of plasma

adiponectin increases; this means that in obesity the de-
crease level of adiponectin is reversible [7]. On the con-
trary, it was found that the circulating level of adiponectin
is increased in patients with liver cirrhosis regardless of
body mass index, age, or even disease etiology. There has
been inverse correlation between adiponectin levels and the
degree of fibrosis and steatohepatitis [8]. In patients with
type 2 diabetes, carotid intima-media thickness (CIMT), as
one of the markers of atherosclerosis, was negatively
correlated with plasma adiponectin level [9]. It has been
reported that obesity might partially explain this inverse
relationship [10].
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2. Pleiotropic Effects of Adiponectin

Adiponectin has an important role in the metabolism of the
liver and skeletal muscle [2].

Adiponectin affects the energy metabolism as it regulates
the fat lipid metabolism by inhibiting lipolysis [11]. It ex-
hibits a protective role in many inflammatory diseases such
as insulin resistance, cardiovascular diseases, and athero-
sclerosis. It decreases the inflammation in macrophages,
epithelial cells, and endothelial muscle [12].

Moreover, it can cause cell growth inhibition and ap-
optosis induction through different molecular pathways. It is
involved in different cancer types as breast, endometrial,
stomach, and leukemia [13]. The dysregulated production of
the adipokines and the cytokines is strongly correlated with
the occurrence of the complications of the obesity including
cardiovascular diseases, diabetic retinopathy, metabolic
syndrome, respiratory disorders, and cancer [14].

The aim of the work was to evaluate the plasma level of
adiponectin and its correlation with CIMT in Egyptian
patients with NAFLD and to study the effects of obesity and
T2DM on the correlation between CIMT and adiponectin.

3. Methods

The study included 200 Egyptian subjects (103 females).
Their ages ranged between 44 and 63 years whom visited the
internal medicine and diabetes clinics at the Cairo Uni-
versity hospital. Our study participants were divided into
four groups (each included 50 subjects): group 1: obese (BMI
more than 30kg/m?) patients with NAFLD and T2DM
>5years (O+/NAFLD+/DM+), group 2: nonobese (BMI less
than 25kg/m”) patients with NAFLD and T2DM >5 years
(O-/.Bhv NAFLD+/DM+), group 3: obese (BMI > 30 kg/mz)
nondiabetic patients with NAFLD (O+/NAFLD+/DM-),
and group 4: nonobese (BMI < 25kg/m?) normal healthy
control subjects. Participants were selected to reflect the
local demographic with all groups deliberately matched for
age and sex. Concerning the medications used by O+/
NAFLD+/DM+ and O-/NAFLD+/DM+, there were no
differences.

We did hepatitis C and B viral markers to our patients and
they were all negative. Patients with history of alcohol intake
or hepatitis, high blood pressure, impaired renal function,
atherosclerotic cardiovascular disease, pregnant women, and
those with possible primary hyperlipidemia (total cholesterol
>300 mg/dL or LDL cholesterol >190 mg/dl or triglycerides
>300 mg/dl with history of xanthomas or family history of
myocardial infarction before 55years of age) were excluded
from our study. The participants were provided with written
formal consents. The study protocols and the process for
obtaining informed consent were approved by the Cairo
University ethical committee and review board.

All participants were subjected to a complete physical
examination including body mass index (BMI) assessment
and blood pressure (BP). Laboratory work up included
serum fasting and postprandial blood glucose (FBG and
PPBG), glycated hemoglobin (HbAlc), lipid profile, kidney
function tests, and urinary albumin/creatinine ratio (ACR).
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Plasma adiponectin level was measured using an ELISA kit
(Millipore, St. Charles, Missouri, USA).

All participants were examined by abdominal ultrasound
to assess the liver by using a convex probe 3.5 MHz. The
ultrasound was done by the same operator using the same
machine (ALT HDI Ultramark). Four ultrasound findings
were used to diagnose NAFLD which were the presence of
the hepatorenal contrast, liver brightness, deep attenuation,
and blurring of the vasculature. In addition to the ultra-
sonographic findings, all participants have negative viral
markers for hepatitis B and C with no history of alcohol
consumption or medications or any other liver disease that
can cause fatty liver [15].

We used color-coded Doppler ultrasonography with
high resolution to measure CIMT. All participants were
examined by the same operator using the same machine
(ALT HDI, Ultramark) using a B-mode and 12 MHz linear
probe. The participants were in the supine position, with the
head turned 45° from the side during scanning. We took the
beginning of the dilatation of the carotid bulb, with loss of
the parallel configuration of the near and far walls of the
common carotid artery, as our reference point for the
measurement of CIMT. The operator located the leading
edges which correspond to the transition zones between
lumen-intima and media-adventitia over a length of one
centimeter proximal to the reference point at its thickest
point, not including plaques. Plaque was identified as a lo-
calized thickened lesion (>1.1 mm). All the results were
expressed as the mean of both sides. The mean CIMT of four
measurements were recorded for each patient.

Data were analyzed by the Statistical Package of Social
Science, Software program, version 23 (IBM Corp. Released
2015. IBM SPSS Statistics for Windows, Version 23.0. Armonk,
NY: IBM Corp.). Data were presented as mean + standard
deviation (SD), to compare between groups, we used the
ANOVA test with the post hoc Tukey test (if parametric) or
Kruskal-Wallis test followed by Mann-Whitney test (if
nonparametric) for quantitative variables and the chi square
and Fisher’s exact test for qualitative ones. Spearman corre-
lation coeflicients (r values) were calculated to signify the
association between different quantitative variables. Regression
analysis was used to evaluate the independent association of
risk factors. P < 0.05 was considered statistically significant.

4. Results

The demographic and laboratory data of the four groups are
shown in Table 1.

Plasma adiponectin was significantly lower in patients
with NAFLD as compared with control subjects (p <0.001).
Adiponectin was significantly lower in O+/NAFLD+/DM+
(group 1) as compared with O-/NAFLD+/DM+ (group 2),
O+/NAFLD+/DM- (group 3), and control subjects (group 4)
(152+£3.1 vs 2631121, 37.6+20.5, and 47 +11.5pug/dl,
respectively, p <0.001) (Table 1).

Adiponectin was also significantly lower in obese
compared to nonobese patients (p <0.001) and in patients
with T2DM compared to nondiabetic patients (p <0.001)
(Table 2 and Figure 1).
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TaBLE 2: Comparison of CIMT and adiponectin regarding sex,
obesity, and diabetes within the whole sample # = 200.
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TaBLE 3: Correlation of CIMT and adiponectin with other pa-
rameters in patients with nonalcoholic liver disease.

Variable CIMT P value Adiponectin P value
Sex

Male 0.1+0.03 31.2+17.9

Female 0.1+0.03 0.643 31.9+17.8 0.818
BMI

Obese 0.11+0.03 26.4+18.4

Nonobese 0094003 <0001 355457, <0001
DM

Diabetic 0.11 £0.03 20.8+10.4
Nondiabetic  0.09+002 <0001 53447, <0001

BMI, body mass index; DM, diabetes mellitus.

CIMT
0.25

0.20
0.15 4
0.10
0.05
0.00 T T T

Obese Diabetic Non-diabetic

Non-obese

m Female
m Male

FiGURE 1: Mean value of carotid intima-media thickness in
obese, nonobese, diabetic, and nondiabetic female and male
patients.

There was a significant negative correlation between
plasma adiponectin and age, triglycerides, LDL (p < 0.05 for
all), cholesterol (p < 0.01), CIMT, BMI, FBG, PPBG, HbAlc,
and urinary ACR (p <0.001 for all) in patients with NAFLD
(Table 3).

CIMT was significantly higher in patients with NAFLD
as compared with control subjects (p <0.001). CIMT was
significantly higher in O+/NAFLD+/DM+ (group 1) as
compared with O-/NAFLD+/DM+ (group 2), O+/
NAFLD+/DM-/ (group 3), and control subjects (group 4)
(0.12£0.03 vs. 0.11+0.03, 0.10 £0.02, and 0.07 £ 0.01 mm,
respectively, p <0.001) (Table 1).

CIMT was significantly higher in obese compared to
nonobese subjects (p <0.001) and in patients with T2DM
compared to nondiabetic patients (p <0.001) (Table 2 and
Figure 2).

There was a significant positive correlation between
CIMT and age (p < 0.05), diabetes duration (p <0.01), BMI,
FBG, PPBG, HbAc, urinary ACR, cholesterol, TG, and LDL
(p < 0.001 for all) in patients with NAFLD. No significant
difference was found between males and females in any of
the studied parameters (Table 3).

CIMT Plasma,

Variable adiponectin

r P value r P value
Plasma adiponectin (ug/dL) -0.458 <0.001
Age (years) 0132  0.062 -0172 0.015
Diabetes duration (years) 0.306  0.002 -0.095 0.346
BMI (kg/m?) 0.351 <0.001 -0.297 <0.001
FBS (mg/dL) 0.592 <0.001 -0.546 <0.001
PPBG (mg/dL) 0.501 <0.001 -0.469 <0.001
HbAlc % 0.633 <0.001 -0.584 <0.001
Creatinine (mg/dL) 0.071  0.317 -0.01 0.893
Urine ACR 0.571 <0.001 -0.576 <0.001
Cholesterol (mg/dL) 0.364 <0.001 -0.208 0.003
TG (mg/dL) 0.288 <0.001 -0.147 0.038
LDL (mg/dL) 0.274 <0.001 -0.158 0.025
HDL (mg/dL) -0.027 0.706 -0.034 0.628

CIMT, carotid intima-media thickness; BMI, body mass index; FBG, fasting
blood glucose, PPBG, postprandial blood glucose; HbAlc, glycated he-
moglobin, Urine ACR, urinary albumin creatinine ratio; TG, triglycerides;
LDL, low-density lipoprotein; HDL, high-density lipoprotein; r, spearman
correlation coefficient; P <0.05 is statistically significant.

A significant negative correlation was found between
plasma adiponectin and CIMT in patients with NAFLD
(p<0.05). A significant inverse correlation was found be-
tween plasma adiponectin and CIMT in obese patients with
NAFLD (p<0.05), but no significant inverse correlation
could be established between plasma adiponectin and CIMT
in patients with T2DM (Table 4).

Backward stepwise linear regression model was used to
explore the predictors of CIMT, and variables entered step 1
were age, diabetes duration, BMI, fasting glucose, 2-hour
postprandial blood glucose, HbAlc, creatinine, albumin/
creatinine ratio, cholesterol, triglycerides, LDL, HDL, and
plasma adiponectin. The last step revealed that the signifi-
cant (independent) predictors of CIMT were only diabetes
duration, BMI, albumin/creatinine ratio, and cholesterol
(Table 5).

5. Discussion

We assessed plasma adiponectin and its correlation with
CIMT, which is used as a marker of atherosclerosis, in
Egyptian patients with NAFLD. We studied the effects of
obesity and T2DM on the correlation between adiponectin
and CIMT. Our results showed that plasma adiponectin level
was significantly lower in O+/NAFLD+/DM+ as compared
to O-/NAFLD+/DM+, O+/NAFLD+/DM-, and control
subjects. Plasma adiponectin was significantly lower in obese
as compared with nonobese subjects in the whole study
population with a p value <0.00.

Adiponectin plays an important role concerning energy
metabolism. Its plasma level is decreased in obesity and
increases after weight loss [5, 16, 17]. In T2DM and obesity
changes in the expression of adiponectin or adiponectin
receptors decreases insulin sensitivity which leads to insulin
resistance which in turn cause aggravation of the
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FIGURE 2: Mean value of plasma adiponectin in obese, nonobese,
diabetic, and nondiabetic female and male patients.

TaBLE 4: Correlation between plasma adiponectin and CIMT in
patients with nonalcoholic liver disease.

Adiponectin
NAFLD + obese NAFLD + T2DM
r —-0.243 -0.032
CIMT P value 0.015 0.753

CIMT, carotid intima-media thickness; NAFLD, nonalcoholic fatty liver
disease; T2DM, type 2 diabetes mellitus; 7, spearman correlation coefficient;
P <0.05 is statistically significant\.

hyperinsulinemia. When weight loss occurs, there is rise in
adiponectin levels with a specific increase in the most bi-
ologically active oligomers [18].

Assal et al. reported that plasma adiponectin was sig-
nificantly lower in obese patients with T2DM compared to
obese nondiabetic and nonobese healthy subjects, but they
did not include a group of nonobese patients with T2DM or
patients with NAFLD in their study [19]. Both Nayak et al.
and Hara et al. reported that regardless of the diabetic status,
plasma adiponectin levels were reduced in obese compared
to nonobese individuals [20, 21].

In this study, plasma adiponectin was significantly lower
in patients with T2DM as compared with nondiabetic pa-
tients. Fifty to seventy percent of patients with diabetes have
NAFLD, and its severity is worsened by the presence of
diabetes [22].

These results agree with those of Aleidi et al. who reported
lower plasma adiponectin levels in patients with T2DM as
compared with healthy subjects. But their study group was
much smaller, including only 80 subjects (61 patients with
T2DM and 19 healthy control subjects). They also reported
that obese females with T2DM had lower adiponectin levels
than nonobese females with T2DM, but they did not find
similar results in male patients with T2DM [23].

Plasma adiponectin levels were significantly lower in
patients with NAFLD as compared with normal healthy
control subjects. In NAFLD, reduced levels of plasma

adiponectin are related to the amount of hepatic fat content
and hepatic insulin sensitivity. In NAFLD, hypo-
adiponectinemia is thought to be part of a metabolic dis-
turbance which is characterized by the accumulation of
ectopic fat in the central compartment [6].

This is in agreement with those of Bugianesi et al. who
reported significantly lower plasma adiponectin levels in
patients with NAFLD as compared with healthy control
subjects in Italy, but their study participants were mainly
males [6]. Fadaei et al. also reported a lower adiponectin
level in Iranian patients with NAFLD as compared with
a control group [24].

In this study, there was a significant negative correlation
between plasma adiponectin and BMI, FBG, PPBG, HbAlc,
urine ACR, cholesterol, triglycerides, and LDL in patients
with NAFLD, with or without diabetes. These findings were
consistent with those of Ahn et al., Goropashnaya et al., and
Narayan et al. [25-27]. Mantzoros et al., Ljubic et al.,, and
Jung et al. [28-30]. Salman et al. [31] and Bugianesi et al.
reported an inverse relation between plasma adiponectin
and BMI in patients with NAFLD [6].

A study by Cai et al. reported that when adiponectin was
overexpressed in atherosclerotic ApoE™"~ mice, it signifi-
cantly decreased the area and size of carotid atherosclerotic
lesions. This was done through preserving NO from de-
struction and inhibiting superoxide production These are
the major mechanisms by which adiponectin exerts its
vascular protective and antiatherosclerotic and effects. iNOS
expression is inhibited by the adiponectin. Therefore, its
antinitrative =~ and  antioxidative  effects  reduce
atherosclerosis [32].

CIMT has been reported to be a representative of
subclinical and asymptomatic atherosclerotic vascular
diseases. It correlates with the extent of atherosclerotic
lesions elsewhere in the body [33-35]. In our study, CIMT
was significantly higher in O+/NAFLD+/DM+ , as com-
pared to O-/NAFLD+/DM+, O+/NAFLD+/DM-/, and
control subjects. It was significantly higher in obese pa-
tients compared to nonobese ones, and in patients with
T2DM compared to nondiabetic ones and in patients with
NAFLD as compared with control subjects. These results
agree with those of Dalmas et al. who reported that CIMT
was higher in obese patients with T2DM as compared with
obese nondiabetic and nonobese subjects; however, they
did not include a group of nonobese patients with T2DM or
patients with NAFLD in their study [36]. Both Pillai et al.
and Kota et al. reported a higher CIMT in patients with
diabetes as compared with nondiabetic individuals [37, 38].
Vasilescu et al. found a higher CIMT in obese patients with
newly diagnosed T2DM as compared with obese non-
diabetic subjects [39]. On the other hand, Kowall et al.
found no significant increase in CIMT among patients with
diabetes or prediabetes, as compared with nondiabetic
subjects, after adjustment for sex, age, and anthropometric
variables [40]. Fracanzani et al. reported a significant in-
crease in CIMT in patients with NAFLD, as compared with
normal control subjects. They also reported a significant
positive correlation between CIMT and total and LDL
cholesterol in those patients [41].
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TaBLE 5: Predictors of CIMT in patients with nonalcoholic liver disease.

Sample size 200

Coefficient of determination R* 0.473

Multiple correlation coeflicient 0.688

Regression equation

Independent variables Beta coefficient Std. error t p value VIF
(Constant) 0.035 0.009 4.004 0.000

Diabetes duration (years) 0.002 0.000 6.155 0.000 1.334
BMI (kg/m?) 0.00047 0.000 2.031 0.044 1.171
Albumin/creatinine ratio 0.00004 0.000 4.519 0.000 1.341
Cholesterol (mg/dL) 0.000 0.000 4.339 0.000 1.231

CIMT, carotid intima-media thickness; BMI, body mass index.

We found a significant positive correlation between
CIMT and age, diabetes duration, BMI, FBG, 2HPPG,
HbAlc, urine ACR, cholesterol, triglycerides, and LDL in
patients with NAFLD, with or without diabetes. Similar
correlations were recorded by Diggikar et al. and Park et al.
[42, 43]. Eric et al. reported a statistically significant cor-
relation between CIMT and BMI in male, but not in female,
Nigerian adults with primary hypertension [44]. Gao et al.
reported an association between CIMT and FBG among
low-income adults with prediabetes and diabetes in rural
China [45]. A study done on Asian Indians by Ven-
kataraman et al. found a significant increase in CIMT with
increasing levels of HbAlc even among subjects with
normal glucose tolerance [46]. In an Iranian study,
Shahrokh et al. found a significant relationship between
CIMT and renal parameters including albuminuria and
estimated glomerular filtration rate in patients with T2DM
[47]. Similar results were reported in India by Gayathri
et al. [48]. Fracanzani et al. reported a significant positive
correlation between CIMT and total and LDL cholesterol in
patients with NAFLD [41].

Alizargar and Bai reported that age, waist circumference,
systolic BP, and HbA1C were determinants of CIMT in 331
subjects from a community-based prospective cohort
study [49].

There was a significant negative correlation between
plasma adiponectin and CIMT in patients with NAFLD. A
significant inverse correlation was found between plasma
adiponectin and CIMT in obese patients with NAFLD, but
not in patients with NAFLD and T2DM. These results
suggest that hypoadiponectinemia is much more relevant, as
a cardiovascular risk indicator, in obese patients with
NAFLD, with or without T2DM, but not in nonobese pa-
tients with NAFLD and T2DM. The significant independent
predictors of the CIMT were diabetes duration, BMI, al-
bumin/creatinine ratio, and serum cholesterol.

Fadaei et al. reported a negative a correlation between
plasma adiponectin and CIMT in 49 Iranian patients with
NAFLD [24]. De Almeida-Pititto et al. reported a signifi-
cant inverse correlation between plasma adiponectin and
CIMT in nondiabetic individuals with no cardiovascular
disease in Brazil. However, they did not differentiate be-
tween obese and nonobese individuals, despite reporting
that those with elevated CIMT had higher BMI and waist
circumference [50]. Shargorodsky et al. reported an inverse

relation between plasma adiponectin and CIMT in 47 obese
nondiabetic individuals in Israel. However, they did not
study this relationship in nonobese individuals or in pa-
tients with T2DM or NAFLD [51]. Tavridou et al. did not
find any significant association between plasma adipo-
nectin and CIMT in patients with T2DM with or without
nephropathy [52]. In a previous work, our group reported
a nonsignificant inverse correlation between plasma adi-
ponectin levels and carotid IMT in nonobese Egyptian
patients with T2DM. Multiple regression analysis revealed
that plasma adiponectin was not a determinant of CIMT in
that study group [10].

5.1. Limitations of the Study. Despite the important results of
the study, we are aware of its limitations. The rather small
number of the study group and the effect of dyslipidemia on
CIMT, and lack of information about medications, partic-
ularly statins and aspirin, are major ones. The differences
between the published research results might have been
influenced by the different ethnic backgrounds of the
participants.

5.2. Recommendations. A larger study to assess the relation
between plasma adiponectin and CIMT in dyslipidemic and
nondyslipidemic and obese and nonobese patients with
NAFLD and T2DM will help to explore the antiatherogenic
role of adiponectin in patients with NAFLD. These re-
lationships may provide valuable data for understanding
obesity pathophysiology and its role of in pathogenesis of
NAFLD and other obesity-related complications and for the
development of strategies to treat obesity and its compli-
cations and screen for risk of atherosclerotic cardiovascular
disease among type 2 diabetic and nondiabetic obese pa-
tients. Different therapeutic approaches are targeted to in-
crease adiponectin activities such as physical exercise, caloric
restriction, administration of inducers as thiazolidinedione,
omega 3, or recombinant adiponectin.

In conclusion, our results showed that plasma adipo-
nectin is inversely correlated with CIMT in obese patients
with NAFLD, but not in nonobese patients with NAFLD
and T2DM. Hypoadiponectinemia could be a good in-
dicator of cardiovascular risk in obese patients with
NAFLD, with or without T2DM, but not in nonobese
patients with NAFLD.



Journal of Nutrition and Metabolism

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon reasonable
request.

Ethical Approval

The study satisfied the requirements of the Revised Helsinki
Declaration of biomedical ethics, approved by the Research
Ethics Committee, Faculty of Medicine, Cairo University.

Consent

Informed consent was obtained from all participants before
inclusion.

Disclosure

The authors shared the abstract of this study as poster
presentation in 100th Annual Meeting of the Endocrine
Society, Chicago in March 2018 (DOI: 10.13140/
RG.2.2.32369.79205).

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Acknowledgments

We would like to acknowledge our great Kasr Al Ainy
Hospital, its workers, nurses, and staff members, for all the
support and help in this study and throughout our careers.

References

[1] P. A. Kern, G. B. Di Gregorio, T. Lu, N. Rassouli, and
G. Ranganathan, “Adiponectin expression from human adi-
pose tissue: relation to obesity, insulin resistance, and tumor
necrosis factor-a expression,” Diabetes, vol. 52, no. 7,
pp. 1779-1785, 2003.

[2] B. Lee and J. Shao, “Adiponectin and energy homeostasis,”
Reviews in Endocrine and Metabolic Disorders Metabolic
Disorders, vol. 15, no. 2, pp. 149-156, 2014.

[3] K. Ohashi, N. Ouchi, and Y. Matsuzawa, “Anti-inflammatory
and anti-atherogenic properties of adiponectin,” Biochimie,
vol. 94, no. 10, pp. 2137-2142, 2012.

[4] A. Daniele, R. Cammarata, M. Masullo et al., “Analysis of
adiponectin gene and comparison of its expression in two
different pig breeds,” Obesity, vol. 16, no. 8, pp. 1869-1874,
2008.

[5] A. De Rosa, M. L. Monaco, M. Capasso et al., “Adiponectin
oligomers as potential indicators of adipose tissue improve-
ment in obese subjects,” European Journal of Endocrinology,
vol. 169, no. 1, pp. 37-43, 2013.

[6] E.Bugianesi, U.Pagotto, R. Manini et al., “Plasma adiponectin
in nonalcoholic fatty liver is related to hepatic insulin re-
sistance and hepatic fat content, not to liver disease severity,”
Journal of Clinical Endocrinology and Metabolism, vol. 90,
no. 6, pp. 3498-3504, 2005.

[7] J. Wang, J. Brymora, and J. George, “Roles of adipokines in
liver injury and fibrosis,” Expert Review of Gastroenterology
and Hepatology, vol. 2, no. 1, pp. 47-57, 2008.

(8]

[9

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

(22]

L. Baltieri, E. A. Chaim, F. D. M. Chaim, M. P. Utrini,
M. A. Gestic, and E. Cazzo, “Correlation between non-
alcoholic fatty liver disease features and levels of adipokines
and inflammatory cytokines among morbidly obese in-
dividuals,” Arquivos de Gastroenterologia, vol. 55, no. 3,
pp. 247-251, 2018.

R. Dullaart, R. de Vries, A. van Tol, and W. Sluiter, “Lower
plasma adiponectin is a marker of increased intima-media
thickness associated with type 2 diabetes mellitus and with
male gender,” European Journal of Endocrinology, vol. 156,
no. 3, pp. 387-394, 2007.

A. Saif, A. Abdelhamid, M. Assem, and S. Mousa, “Plasma
adiponectin and carotid intima-media thickness in non-obese
patients with type 2 diabetes,” Journal of Diabetes and Its
Complications, vol. 29, no. 6, pp. 808-810, 2015.

N. Wijesekara, M. Krishnamurthy, A. Bhattacharjee,
A. Suhail, G. Sweeney, and M. B. Wheeler, “Adiponectin-
induced ERK and Akt phosphorylation protects against
pancreatic beta cell apoptosis and increases insulin gene
expression and secretion,” Journal of Biological Chemistry,
vol. 285, no. 44, pp. 33623-33631, 2010.

A. Subedi and P. H. Park, “Autocrine and paracrine modu-
lation of microRNA-155 expression by globular adiponectin
in RAW 264.7 macrophages: involvement of MAPK/NF-«B
pathway,” Cytokine, vol. 64, no. 3, pp. 638-641, 2013.

E. Nigro, O. Scudiero, M. L. Monaco et al., “New insight into
adiponectin role in obesity and obesity-related diseases,”
BioMed Research International, vol. 2014, Article ID 658913,
14 pages, 2014.

G. De Pergola and F. Silvestris, “Obesity as a major risk factor
for cancer,” Journal of Obesity, vol. 2013, Article ID 291546,
11 pages, 2013.

A. Eshraghian, M. Dabbaghmanesh, H. Eshraghian,
M. Fattahi, and G. Omrani, “Nonalcoholic fatty liver disease
in a cluster of Iranian population: thyroid status and meta-
bolic risk factors,” Archives of Iranian Medicine, vol. 16, no. 10,
pp. 584-589, 2013.

S. Kaser, T. Tatarczyk, A. Stadlmayr et al., “Effect of obesity
and insulin sensitivity on adiponectin isoform distribution,”
European Journal of Clinical Investigation, vol. 38, no. 11,
pp. 827-834, 2008.

L. K. Meyer, T. P. Ciaraldi, R. R. Henry, A. C. Wittgrove, and
S. A. Phillips, “Adipose tissue depot and cell size dependency
of adiponectin synthesis and secretion in human obesity,”
Adipocyte, vol. 2, no. 4, pp. 217-226, 2013.

R. Drolet, C. Bélanger, M. Fortier et al., “Fat depot-specific
impact of visceral obesity on adipocyte adiponectin release in
women,” Obesity, vol. 17, no. 3, pp. 424-430, 2009.

H. Assal, M. Fath-allah, and A. Elsherbiny, “Serum leptin and
adiponectin in obese diabetic and non-diabetic diabetic and
non-diabetic,” Journal of Medical Sciences, vol. 7, no. 5,
pp. 865-869, 2007.

B. S. Nayak, D. Ramsingh, S. Gooding et al., “Plasma adi-
ponectin levels are related to obesity, inflammation, blood
lipids and insulin in type 2 diabetic and non-diabetic Trini-
dadians,” Primary Care Diabetes, vol. 4, no. 3, pp. 187-192,
2010.

T. Hara, H. Fujiwara, T. Shoji, T. Mimura, H. Nakao, and
S. Fujimoto, “Decreased plasma adiponectin levels in young
obese males adiponectin levels in young obese males,” Journal
of Atherosclerosis and Thrombosis, vol. 10, no. 4, pp. 234-238,
2003.

Y. H. Lee, Y. Cho, B. W. Lee et al., “Nonalcoholic fatty liver
disease in diabetes. Part I: epidemiology and diagnosis,”



(23]

(24]

(25]

(26]

(27]

(28]

[29

(30]

(31]

(32]

(33]

(34]

Diabetes and Metabolism Journal, vol. 43, no. 1, pp. 31-45,
2019.

S. Aleidi, A. Issa, H. Bustanji, M. Khalil, and Y. Bustanji,
“Adiponectin serum levels correlate with insulin resistance in
type 2 diabetic patients,” Saudi Pharmaceutical Journal,
vol. 23, no. 3, pp. 250-256, 2015.

R. Fadaei, R. Meshkani, H. Poustchi et al., “Association of
carotid intima media thickness with atherogenic index of
plasma, apo B/apo A-I ratio and paraoxonase activity in
patients with non-alcoholic fatty liver disease,” Archives of
Physiology and Biochemistry, vol. 125, no. 1, pp. 19-24, 2019.
M. S. Ahn, S. B. Koh, J. Y. Kim et al., “The association between
serum adiponectin and carotid intima media thickness in
community-based cohort in Korea: the ARIRANG study,”
Molecular and Cellular Toxicology, vol. 7, no. 1, pp. 33-38,
2011.

A. Goropashnaya, J. Herron, M. Sexton et al., “Relationships
between plasma adiponectin and body fat distribution, insulin
sensitivity, and plasma lipoproteins in Alaskan Yup’lk
Eskimos: the Center for Alaska Native Health Research
study,” Metabolism, vol. 58, no. 1, pp. 22-29, 2009.

A. Narayan, S. Kulkarni, R. Kothari, T. Deepak, and
P. Kempegowda, “Association between plasma adiponectin
and risk of myocardial infarction in Asian Indian patient with
diabetes,” British Journal of Medical Practitioners, vol. 7, no. 4,
p. 2729, 2014.

C. S. Mantzoros, T. Li, J. E. Manson, J. B. Meigs, and F. B. Hu,
“Circulating adiponectin levels are associated with better
glycemic control, more favorable lipid profile, and reduced
inflammation in women with type 2 DiabetesLevels are as-
sociated with better glycemic control, more favorable lipid
profile, and reduced inflammation in women with type 2
diabetes,” Journal of Clinical Endocrinology and Metabolism,
vol. 90, no. 8, pp. 4542-4548, 2005.

S. Ljubic, A. Jazbec, M. Tomic et al., “Inverse levels of adi-
ponectin in type 1 and type 2 diabetes are in accordance with
the state of albuminuria,” International Journal of Endocri-
nology, vol. 2015, Article ID 372796, 8 pages, 2015.

C. H. Jung, B. Y. Kim, J. O. Mok, S. K. Kang, and C. H. Kim,
“Association between serum adipocytokine levels and
microangiopathies in patients with type 2 diabetes mellitus,”
Journal of Diabetes Investigation, vol. 5, no. 3, pp. 333-339,
2014.

A. Salman, M. Hegazy, and S. AbdElfadl, “Combined adi-
ponectin deficiency and resistance in obese patients: can it
solve part of the puzzle in nonalcoholic steatohepatitis,” Open
Access Macedonian Journal of Medical Sciences, vol. 3, no. 2,
pp. 298-302, 2015.

X. Cai, X. Li, L. Li et al., “Adiponectin reduces carotid ath-
erosclerotic plaque formation in ApoE-/- mice: roles of ox-
idative and nitrosative stress and inducible nitric oxide
synthase,” Molecular Medicine Reports, vol. 11, no. 3,
pp. 1715-1721, 2015.

J. H. Stein, C. E. Korcarz, R. T. Hurst et al., “Use of carotid
ultrasound to identify subclinical vascular disease and eval-
uate cardiovascular disease risk: a consensus statement from
the American society of echocardiography carotid intima-
media thickness task force endorsed by the society for vascular
medicine carotid intima-media task force. Endorsed by the
society for vascular medicine,” Journal of the American Society
of Echocardiography, vol. 21, no. 2, pp. 93-111, 2008.

L. Liviakis, B. Pogue, P. Paramsothy, A. Bourne, and E. A. Gill,
“Carotid intima-media thickness for the practicing

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

(43]

[44]

(45]

[46]

(47]

(48]

Journal of Nutrition and Metabolism

lipidologist,” Journal of Clinical Lipidology, vol. 4, no. 1,
pp. 24-35, 2010.

The Society of Atherosclerosis Imaging and Prevention,
“Appropriate use criteria for carotid intima media thickness
testing,” Atherosclerosis, vol. 214, no. 1, pp. 43-46, 2011.

E. Dalmas, J. F. Kahn, P. Giral et al., “Intima-Media Thickness
in Severe Obesity Diabetes Care: links with BMI and meta-
bolic status but not with systemic or adipose tissue in-
flammation,” Diabetes Care, vol. 36, no. 11, pp. 3793-3802,
2013.

P. Pillai, D. Tiwari, O. Jatav, and H. Rai, “Lipid profile and
carotid artery intima- media thickness in diabetic and non-
diabetic ischaemic stroke,” International Journal of Advances
in Medicine, vol. 4, no. 2, pp. 471-475, 2017.

S. K. Kota, G. B. Mahapatra, S. K. Kota et al., “Carotid intima
media thickness in type 2 diabetes mellitus with ischemic
stroke,” Indian Journal of Endocrinology and Metabolism,
vol. 17, no. 4, pp. 716-722, 2013.

R. Vasilescu, S. Ifrim, and C. Ionescu-Tirgoviste, “Relation-
ship between plasma adipokines, inflammation, insulin re-
sistance and subclinical atherosclerosis in newly diagnosed
type 2 diabetes,” Journal of Diabetes Mellitus, vol. 1, no. 02,
pp. 17-25, 2011.

B. Kowall, N. Ebert, C. Then et al., “Associations between
blood glucose and carotid intima-media thickness disappear
after adjustment for shared risk factors: the KORA F4 study,”
PLoS One, vol. 7, no. 12, Article ID e52590, 2012.

A. L. Fracanzani, L. Burdick, S. Raselli et al., “Carotid artery
intima-media thickness in nonalcoholic fatty liver disease,”
The American Journal of Medicine, vol. 121, no. 1, pp. 72-78,
2008.

P. Diggikar, P. Satpathy, D. Baldania, T. Babu, K. Jain, and
A. Hissaria, “A study on correlation of carotid intima and
media thickness with stress ECG and 2D echo in type 2 di-
abetes mellitus patients in tertiary care hospital of Pune city,”
National Journal of Medical Research, vol. 6, no. 2, pp. 204-
206, 2016.

J. K. Park, H. Park, and K. B. Kim, “The relationship between
distribution of body fat mass and carotid artery intima-media
thickness in Korean older adults,” Journal of Physical Therapy
Science, vol. 27, no. 10, pp. 3141-3146, 2015.

M. Atinuke, J. Ademola, O. A. Abiodun, and O. Eric, “Body
mass index as a determinant of carotid intima-media thick-
ness in Nigerian adults with primary hypertension,” Annals of
African Medicine, vol. 13, no. 4, pp. 151-156, 2014.

L. Gao, L. Bai, M. Shi et al., “Association between carotid
intima-media thickness and fasting blood glucose level:
a population-based cross-sectional study among low-income
adults in rural China,” Journal of Diabetes Investigation, vol. 8,
no. 6, pp. 788-797, 2017.

V. Venkataraman, A. Amutha, V. P. Anbalagan et al.,, “As-
sociation of glycated hemoglobin with carotid intimal medial
thickness in Asian Indians with normal glucose tolerance,”
Journal of Diabetes and Its Complications, vol. 26, no. 6,
pp. 526-530, 2012.

H. Shahrokh, M. Zakerkish, A. Jenabi et al., “Association of
microalbuminuria and estimated glomerular filtration rate
with carotid intima-media thickness in patients with type 2
diabetes mellitus,” Jundishapur Journal of Health Research,
vol. 6, no. 2, Article ID e27584, 2015.

R. Gayathri, R. Chandni, and V. Udayabhaskaran, “Carotid
artery intima media thickness in relation with atherosclerotic
risk factors in patients with type 2 diabetes mellitus,” Journal



Journal of Nutrition and Metabolism

[49]

(50]

(51]

(52]

of the Association of Physicians of India, vol. 60, pp. 20-24,
2012.

J. Alizargar and C. H. Bai, “Factors associated with carotid
Intima media thickness and carotid plaque score in
community-dwelling and non-diabetic individuals,” BMC
Cardiovascular Disorders, vol. 18, no. 1, p. 21, 2018.

B. De Almeida-Pititto, F. F. Ribeiro-Filho, I. S. Santos,
P. A. Lotufo, I. M. Bensenor, and S. R. Ferreira, “Association
between carotid intima-media thickness and adiponectin in
participants without diabetes or cardiovascular disease of the
Brazilian Longitudinal Study of Adult Health (ELSA-Brasil),”
European Journal of Preventive Cardiology, vol. 24, no. 2,
pp. 116-122, 2017.

M. Shargorodsky, M. Boaz, Y. Goldberg et al., “Adiponectin
and vascular properties in obese patients: is it a novel bio-
marker of early atherosclerosis?” International Journal of
Obesity, vol. 33, no. 5, pp. 553-558, 2009.

A. Tavridou, A. Georgoulidou, A. Roumeliotis et al., “Asso-
ciation of plasma adiponectin and oxidized low-density li-
poprotein with carotid intima-media thickness in diabetic
nephropathy,” Journal of Diabetes Research, vol. 2015, Article
1D 507265, 8 pages, 2015.





