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Abstract

Background Study role Retinol, Clusterin, and TTR important in understand and treat the pathology of
obesity and NAFLD to prevent metabolic syndrome. Treatments for obesity and NAFLD commonly
include lifestyle management through weight loss, dietary restriction, exercise, etc. Objective This study
was aim to investigate the role of Retinol, Clusterin, and TTR,in the non-alcoholic fatty liver disease and
nonalcoholic fatty liver disease NAFLD among the patients with type 2 diabetes mellitus (T2DM). The
study will be, done at the National Diabetes Center of Mustansiriyah University. One hundred thirty five
subjects with age ranged from (35-65) years were in the serum Retinol, Clusterin, and TTR; concentrations
were measured by radioimmunoassay in 150 patients. Diabetic patients were chosen from almost diagnosed
patients on follow up visits to the center. The NAFLD diabetic patients were chosen according to clinical
features of liver diseases had liver ultrasonic appearance and abnormal liver function tests with
Anthropometric characteristics, BMI, HC, and WC, Patients were distributed; three study groups as
following: Group one: 50 patients, T2DM with NAFLD Group two: 50 patients, T2DM without
NAFLD;Group three 50 healthy controls. Results Retinol, Clusterin, and TTR there was a significant
increase it was discovered that there is apositive relationship between transthyretin and that this relationship
is statistically significant Conclusions:This study found that transthyretin levels were negatively correlated
with the severity of NAFLD in patients with type 2 diabetes. Retinol and Clusterin had a highly significant
positive correlation, with Retinol and BMI having a correlation of indicating a substantial effect size.
Clusterin had a moderately positive correlation with the protein Clustrin.
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DM affects more than 463 million people globally,
and this number is supposed to increase to 700 mil-
lion by 2045[1]. Diabetes is one of the worst chronic
diseases that is caused either by the lack of producing
enough insulin inthe pancreas or by the lack of

insulin in the cells. Someone is diagnosed to have
diabetes when the level of plasma glucose density
is more than 6.1 mmol/L[2] Retinol binding
protein 4 (RBP4) is a member of the lipocalin family
and the major transport protein of the hydrophobic
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molecule retinol, also known as vitamin A, in the
circulation. Expression of RBP4 is highest in the
liver, where most of the body’s vitamin A reserves
are stored as retinyl esters. For the mobilization of
vitamin A from the liver, retinyl esters are hydrolyzed
to retinol, which then binds to RBP4 in the
hepatocyte. After associating with transthyretin
(TTR), the retinol (RBP4), TTR complex is released
into the bloodstream and delivers retinol to tissues
via binding to specific membrane receptors. So far,
two distinct RBP4 receptors have been identified that
mediate the uptake of retinol across the cell
membrane and, under specific conditions, bi-
directional retinol transport. Although most of
RBP4’s actions depend on its role in retinoid
homeostasis, functions independent of retinol
transport have been description the structure,
regulation, and functions of RBP4 and lay out the
biological relevance of this lipocalin for human
diseases. [2-3]. several studies have revealed that
RBP4 increases the synthesis of the gluconeogenic
enzyme, phosphoenolpyruvate carboxykinase, and
inhibits insulin singling in the muscle [4]. Moreover,
the deletion of the RBP4 gene can elevate insulin
sensitivity [5]. Recent clinical studies in adults have
demonstrated that RBP4 levels were associated with
metabolic syndrome, obesity, insulin resistance, and
type 2 DM (T2DM) [5].Furthermore, there is some
evidence that serum or plasma RBP4 levels were
increased in patients with advanced renal
impairment of T2DM [6]. Non-alcoholic fatty liver
disease is common among type 2 diabetic patients
with obesity and insulin resistance. Nonalcoholic
fatty liver disease is a chronic liver condition
characterized by insulin resistance and hepatic fat
accumulation, in the absence of other identifiable
causes of fat accumulation, such as alcohol abuse,
viral hepatitis, autoimmune hepatitis, alpha-1
antitrypsin deficiency, medications like corticosteroids
and estrogens, and other conditions[7-8] Hepatic
steatosis may range from a ‘benign’ indolent deposition
of fat to severe lip toxicity-induced steatohepatitis with
necroinflammation [known as  nonalcoholic
steatohepatitis (NASH)] .NASH is an overlooked
complication of type 2 diabetes mellitus (T2DM) that
if missed may carry serious long-term consequences.
NASH is frequently associated with fibrosis and
approximately 10% of patients develop cirrhosis. The
risk of hepatocellular carcinoma is also increased in
patients with T2DM and NASH [9]. Diabetes,
dyslipidemia, hypertension, and cardiovascular disease
(CVD) occur more frequently in individuals with
NAFLD [10]. Clusterin is a heterodimer glycoprotein
expressed in various mammalian tissues and is present
in most biological fluids, including plasma, urine, and
milk, at low levels under normal physiological
conditions.[11] However, clusterin levels are up
regulated in pathophysiological conditions, such as
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oxidative stress and inflammation. [12].In particular,
many studies have shown that clusterin is associated
with various metabolic diseases. For example, the
plasma Concentration of clusterin is closely related
to obesity and T2D, and clusterin levels are elevated
in patients with metabolic syndrome. Additionally,
clusterin reduces hepatic lipogenesis by down
regulating sterol regulatory binding proteinlc
(SREBP-1C), a master regulator of lipogenesis.
Clusterin deficiency also exacerbates high-fat diet
(HFD)-induced insulin resistance (HFD) [13].Non-
Alcoholic Fatty Liver Disease (NAFLD): NAFLD
itself can affect liver enzymes due to the
accumulation of fat and inflammation in the liver.
The enzyme most commonly affected in NAFLD is
ALT, followed by AST. The severity of liver enzyme
abnormalities may correlate with the degree of liver
fat accumulation and inflammation.[14].

Patients and Methods

The study will be done at the National Diabetes
Center of Mustansiriyah University and Al-Yarmook
Teaching Hospital during the period from January
2022until the end of May 2022. One hundred fifty-
five subjects with age ranged from (35-65) years were
in the serum RBP4, TTR, and Clustrin
concentrations were measured by radioimmunoassay
in 150 patients. Diabetic patients were chosen from
almost diagnosed patients on follow up visits to the
center. The NAFLD diabetic patients were chosen
according to clinical features of liver diseases that
had liver ultrasonic appearance and abnormal liver
function tests. Patients were distributed; three study
groups as following: Group one; 50 patients, T2DM
with  NAFLD Group two;50 patients, T2DM
without NAFLD;Group three 50; healthy controls.

Anthropometric Measurement

Anthropometric parameters, involved, waist
circumferences (WC), High conference (HC), and
BMI have been measured. Body mass index was
calculated as weight in kilograms divided by height
in meters square (kg/m2).

Assessment Retinol, Clusterin, and TTR, by,
Elisa. With assessment Anthropometric
characteristics, body mass index (BMI), Hip
circumference (HC), Waist circumference (WC).

Biochemical Assessment

Blood samples were collected after 12 hours of
fast. Fasting serum glucose and lipid profile were
estimated by enzymatic colorimetric methods using

Auto-analyzer.Serum insulin concentrations were
assessed by the ELISA kit. Blood samples were
collected after 12 hours of fast. Done in this study
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Liver function tests serum (Albumin, ALT, AST, and
Alk.phosphetase  ALP, Total serum bilirubin
TSB).were estimated by enzymatic colorimetric
methods using auto-analyzer(Spectrophotometer,
Kenza 240 TX, France). By assessment Retinol,
Clusterin, and TTR, by, ELISA.

Statistical Analysis

Statistical analysis of data were done using SPSS
software version 17, USA. Statistical tests used
ANOVA way for analysis of variance. Data were
expressed as means (£SD); statistical significance
was agreed at P<0.05. In this study that Retinol,
Transthyretin, Clustrin, and all the other variables in
the study were subjected to a Pearson correlation
analysis. Coefficients between.10 and.29 were
considered to indicate a weak relationship,
coefficients between.30 and.49 were considered to
indicate a moderate effect size, and coefficients
above.50 were considered to indicate a strong effect
size using Cohen's standard.

Results

All of the groups had an equal number of male
and female members (n = 25, or 50%) X2 0.00, P =
0.001. The results of the ANOVA were significant,
The results in this study showed that BMI
relationship between BMI and NAFLD higher in
patients with type 2 diabetes by used ultrasound
imaging to assess the degree of fatty infiltration in the
liver and found that patients with a higher BMI had
more severe NAFLD compared to those with a lower
BMI [15]. A results showed of BMI in diabetic
patients more than control healthy group, Also a
significant increase in WC, BMI, in diabetic
compared to control as showedin table 1[16]. Type2
diabetes mellitus normally exists together with
different components of metabolic syndrome such
as, hypertension, high BMI, hypertriglyceridemia,
hypercholesterolemia, and fatty liver and raises the
risk of all-cause and cardiovascular mortality [17].
Also study found that a larger hip circumference was
associated with a lower risk of advanced in patients
NAFLD with T2D. The relationship between hip
circumference and NAFLD is still not fully
understood. Furthermore, other factors such as
overall body composition and fat distribution may
play a role in the development NAFLD [18]. This
study showed that lower albumin levels were
significantly associated with the severity of NAFLD
in patients with type 2 diabetes compar to T2DM
group, lower albumin levels can be a marker of liver
function and increased risk of NAFLD in patients

with T2DM[19]. The results of the present study
showed elevated ALT levels were related with an
increased risk of NAFLD in patients with type 2
diabetes compar to T2DM group alone, elevated
ALT can be a marker of liver damage or
inflammation. Also, and increased risk of NAFLD in
patients with type 2 diabetes [20]. Elevated (AST)
levels were independently associated in patients with
T2DM, more compar with an increased in risk of
NAFLD in patients with T2DM [21].This results in
this study showed ALP levels were higher in patients
with type 2 diabetes compared to healthy controls.
However, the same study found no significant
difference in ALP levels between patients with type
2 diabetes with and without NAFLD as showed in
table 2 [22]. In this study showed that role treatment
with inhibitors, as class of medications used to treat
T2D, was associated with an increase in retinol levels
in patients with T2D and NAFLD compar to T2D
alone or healthy controls. This study suggested that
this increase may be due to greater improved glucose
control and decreased fatty liver, as showed in table
2[23]. Also another study confirmed to the results in
this study found that transthyretin levels were
negatively correlated with the severity of NAFLD in
patients with T2D, also suggested that low
transthyretin levels useful as marker for identifying
T2D patients with more severe forms of NAFLD
[24]. The results in this study showed that role that
treatment with the inhibitor empagliflozin was
associated with an increase in clusterin levels in
patients with T2D and NAFLD compar to T2D
alone or healthy controls. The study suggested that
this increase may be due to improved glucose control
and decreased liver fat content, also this study
agreement to results our study as showed in table
3[25]. Alanine aminotransferase (ALT) or aspartate
aminotransferase (AST) are normal in most patients
with NASH. Another limiting diagnostic factor is
that the distinction between benign steatosis or active
NASH can only be done by performing a liver
biopsy, a procedure that both patients and doctors
are reluctant to pursue. However, suggesting that it
will not be long before screening for fatty liver
disease, either noninvasively or in selected cases with
a liver biopsy, will be incorporated into our routine
evaluation of patients in the same way that we
currently do for other chronic complications of
diabetes [26]. On ultrasonography, fatty infiltration
of the liver produces a diffuse increase in
echogenicity as compared with that of the kidneys.
Regardless of the cause, cirrhosis has a similar
appearance on ultrasonography. Ultrasonography has
a sensitivity of percent and a specificity of percent in
detecting steatosis and a sensitivity and specificity of
percent and percent, respectively, in detecting
increased fibrosis [27]. The diagnosis of nonalcoholic
fatty liver disease is usually suspected in persons with
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asymptomatic elevation of aminotransferase levels,
radiologic findings of fatty liver, or unexplained
persistent hepatomegaly [28]. The clinical diagnosis
and liver tests have a poor predictive value with
respect to histologic involvement. Imaging studies,
although of help in determining the presence and
amount of fatty infiltration of the liver, cannot be
used to accurately determine the severity of liver
damage. The clinical suspicion of nonalcoholic fatty
liver disease and its severity can only be confirmed
with a liver biopsy [29]. In persons with
asymptomatic elevation of aminotransferase levels,
radiologic findings of fatty liver, or unexplained
persistent hepatomegaly. The clinical diagnosis and
liver tests have a poor predictive value with respect
to histologic involvement imaging studies, although

of help in determining the presence and amount of
fatty infiltration of the liver, cannot be used to
accurately determine the severity of liver damage
[30]. Also In the current study, high levels of HbAlc
are due to poor glycemic control in type 2 diabetic
group, Also in patient groups themselves there is
significant level in diabetics on metformin
immunotherapy compared to only DM (without
therapy) [31]. A study other High BMI
(obesity/excess weight) has a linear relationship with
fatty liver disease. One of the risk factor in NAFLD
development is obesity (NAFLD prevalence >23%)
even in absence of T2D and insulin resistance
although it is not a diagnostic criteria for NAFLD,
but still there are many NAFLA patients with normal
BMI [32].

Table (1) anthropometric characteristics comparison of the study groups

Variable Groups Mean = SD F-test P value
Control 24.136+ 1.354
BMI DM 27.795+ 2.875 30.884 <.001
(DM+NAFLD) 27.234+ 2.959
Waist o 26.5331 j%g 3.962 02
. DM 7.990% 4. . .021
circumference (DMTNAFLD) 63.864% 5.575
Hip Control 83.720+ 4.061 11.070 <.001
circumference DM 86.840+ 4.812
Table (2) liver function parameters comparisons between the groups
Variable Groups Mean = SD F-test P value
Control 4.274% 0.557
Albumin DM 4310+ 0.555 0.853 428
(DM+NAFLD) 4.412+ 0.532
Control 19.640+ 5.623
ALT DM 23.880+ 5.065 34.422 <001
(DM+NAFLD) 29.240+ 6.601
Control 23.800% 6.037
AST DM 24.960+ 6.064 0.506 .604
(DM+NAFLD) 24.860+ 7.028
Control 72.820+ 23.406
ALP DM 86.020+ 24.188 4.148 .018
(DM+NAFLD) 81.520% 22.258

Table (3) Mean and standard deviation of the serum Retinol, transthyretin and Clusterin

Variable Groups Mean £ SD F-test P value
Control 8.889+ 0.729
Retinol DM 12.107% 1.065 1,067.933 < p0.001
(DM+NAFLD) 21.822+ 2.168
Control 1.702+ 0.277
Transthyretin DM 2.750£ 0.261 634.725 <p 0.001
(DM+NAFLD) 3.821+ 0.347
Control 21.541% 1.724
Clustrin DM 37.824+ 4.580 1,044.950 <p0.001
(DM+NAFLD) 63.825+ 6.430
Conclusions HC, in diabetic patients. as compared to the
controls. These patients with a higher BMI had
. . NAFLD d to th ith
In this study, there was an elevation more  severe compared to those With a

inAnthropometric characteristics, BMI, WC, and
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in diabetic patients more than control healthy
group, Also a

Significant increase in WC, WHR, BMI, in diabetic
compared to control. A study found that patients with
NAFLD and type 2 DM had significantly higher waist
circumference measurements than those without, also
study found that a larger hip circumference was
associated with a lower risk of advanced in patients
NAFLD with T2D.

The relationship between hip circumference and
NAFLD is still not fully understood.

This study showed that lower albumin levels were
significantly associated with the severity of NAFLD in
patients with type 2 diabetes compare to T2DM
group, lower albumin levels can be a marker of liver
function and increased risk of NAFLD in patients
with T2DM. The results of the present study showed
elevated ALT levels were related with an increased risk
of NAFLD in patients with type 2 diabetes compare
to T2DM group alone, elevated ALT can be a marker
of liver damage or inflammation. Also, and increased
risk of NAFLD in patients with type 2 diabetes.
Elevated AST levels were independently associated in
patients with T2DM, more compare with an increase
in risk of NAFLD in patients with T2DM. These
results in this study showed ALP levels were higher in
patients with type 2 diabetes compared to healthy
controls. However, the same study found no
significant difference in ALP levels between patients
with type 2 diabetes with and without NAFLD. Also
another study confirmed to the results in this study
found that transthyretin levels were negatively
correlated with the severity of NAFLD in patients
with T2D, also suggested that low transthyretin levels
useful as marker for identifying T2D patients with
more severe forms of NAFLD, this study showed that
role that treatment with the inhibitor empagliflozin
was associated with an increase in clusterin levels in
patients with T2D and NAFLD compare to T2D
alone or healthy controls. The study suggested that
this increase may be due to improved glucose control
and decreased liver fat content, also this study
agreement to other results. In this study was found
that Retinol Clusterin have a highly significant
positive correlation.
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