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Abstract: Non-alcoholic fatty liver disease (NAFLD) is an increasing worldwide health issue
marked by fat buildup in more than 5% of liver cells. This disease is primarily caused by the obesity
epidemic and affects approximately 25% of the world's population. NAFLD might lead to various
degrees of cirrhosis in a persistent liver illness. Lastly, NAFLD could result in the development of
cancer of the liver. This review aims to describe and estimate erythropoietin levels and lipid levels
(TG, TC, HDL, LDL, V-LDL) and some trace elements (Selenium (Se), Iron(Fe)) in patients with fatty
liver disease. Serum erythropoietin and lipid levels (triglycerides (TG), cholesterol (TC), low-density
lipoprotein (LDL), high-density lipoprotein (HDL), very low-density lipoprotein (V-LDL)) and
selenium and iron levels were determined in 96 volunteers from men and women: 73 patients and
23 healthy control group. Patients were diagnosed by an internist medicine specialist. Inclusion
Criteria: The cases included in this study are patients with non-alcoholic fatty liver disease, diabetes,
and hypertension. Exclusion Criteria: The cases excluded from this study are patients with alcoholic
fatty liver disease or fatty liver with other diseases such as heart and kidney disease. An important
increase in focus of erythropoietin in fatty liver in the DM also fatty liver in the DM and HTN cohorts
compared to fatty liver and controls groups (p<0.05), An important increase in focus of TC in
patients cohorts compared in the controls groups (p<:0.05), An important increase in focus of TG
and VLDL in patients groups compared to controls groups (p<:0.05), An important increase in focus
of LDL in patients groups compared to controls groups (p<:0.05),and An important decrease in
focus of HDL in patients groups compared to controls groups (p<:0.05). An important increase in
focus of Se in patients groups compared to controls groups (p<0.05). An important increase in focus
of Fe in patients groups compared to controls groups (p<<0.05). The study indicated that there was
an increase in the levels of erythropoietin, as well as an increase in the level of (TG, TC, LDL, V-
LDL), Se, Fe, and a decrease in the level of (HDL) in patient’s fatty liver.

Keywords: Non-alcoholic fatty liver disease (NAFLD), erythropoietin, lipid Profile, triglycerides
(TG), cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL), very low-
density lipoprotein (V-LDL), Selenium (Se), Iron (Fe)

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is an increasing problem for world health
due to its link to insulin-resistant metabolic diseases [1]. It can lead to cardiovascular dis-
ease and liver-related problems, including cirrhosis and hepatocellular cancer. NAFLD is
marked by a large buildup of obesity, insulin resistance, and hepatic lipid. It is a broad
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group of diseases, including cirrhosis, liver fibrosis, hepatocellular carcinoma, non-alco-
holic steatohepatitis, and simple hepatic steatosis [2]. Despite its increasing prevalence,
only 5% of NAFLD patients are aware of it, compared to 38% of those with viral hepatitis
[3]. Lean individuals may still develop NAFLD, with a global incidence of 13.11%. How-
ever, metabolic dysfunction is weight-related and less common in lean individuals than in
obese or overweight individuals.

Erythropoietin, a pleiotropic cytokine, is a circulatory growth factor and glycopro-
tein primarily produced in the kidneys [4]. It is released when tissue hypoxia is present,
and it functions by attaching to the membrane erythropoietin receptors (EPOR), present in
a variety of cells. EPO is a crucial regulator of erythropoiesis [5]. And has been shown to
protect against metabolic diseases [6]. It stimulates brown fat-like properties in white adi-
pose tissue from obese mice [7]. reduces adipose tissue mass and partially ameliorates ste-
atosis in liver tissues by activating protein kinase B in a PPARy-dependent manner [8]. In
vivo studies have shown that EPO and SIRT1 cross-talk occur in liver tissue, with SIRT1
controlling the effects of EPO in the liver and reducing hepatic ER stress and lipid deposi-
tion in hepatocytes [9]. This method indicates a novel mechanism by which EPO, in a
SIRT1-dependent manner, decreases ER stress in liver steatosis. Hepatokine FGF21 pro-
motes browning of white adipose tissue, brown fat tissue thermogenesis, and hepatitis
fatty acid oxidation, has been seen as a potentially effective therapeutic treatment. In vitro
and in vivo, hepatic FGF21 expression may be enhanced by EPO, but enhanced expression
of FGF21-targeted cells is less affected by EPO's production when SIRT1 impairment is
present [10].

Cholesterol is a lipid sterol produced and transported throughout the circulatory
system in eukaryotes, playing a crucial role in cell signaling, hormone production, and
membrane structure [11]. It is produced and transported by lipoproteins, which are sub-
microscopic particles bonded together by noncovalent interactions [12]. Triglycerides are
fatty acid esters derived from glycerol, the most prevalent kind of lipid in the body. They
are created with more calories and stored in fat cells, converted into tri-glycerides and re-
leased into tissues when needed [13]. One of the main groups of serum lipoproteins, high-
density lipoproteins (HDL), reverses the movement of cholesterol from peripheral cells to
the liver [14]. The liver convert HDL into bile acids, which are then eliminated down the
biliary tract and into the intestinal tract. Because there is a negative association between
blood HDL-cholesterol levels and the risk of developing atherosclerosis, measuring HDL-
cholesterol levels is crucial for therapeutic purposes [15].

Low-density lipoproteins (LDLs) have a major part in the development of athero-
sclerotic and coronary sclerosis [16]. VLDL is produced by the liver, combining lipopro-
teins, triglycerides, and cholesterol to produce VLDL [17]. The byproducts of its conver-
sion in the blood flow are low-density lipoprotein (LDL) and intermediate-density lipo-
protein (IDL). Selenium, a trace element in human nutrition, was first discovered in 1817
as a byproduct of sulfuric acid production [18]. It is essential for combating oxidizing and
forms a portion of the catalysis core of many antioxidant selenium proteins [19]. Selenium
plays crucial biological functions in the body, such as immunity control, thyroid gland
metabolism, immunological response modulation, oxidative stress management, and oxi-
dation/antioxidant ratio modification [20]. Iron is essential for mammalian enzymes and
processes, including the citric acid cycle, mitochondrial respiration, oxygen sensing, and
DNA biosynthesis [21]. Hepatic iron overload could support the pathophysiology of the
pathophysiology of non-alcoholic fatty liver disease (NAFLD), as too much free iron trig-
gers the Fenton reaction [22].
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2. Materials and Methods

The research was carried out at the (University of Thi-Qar) Biochemistry Laboratory
at the College of Science and Al-Nasiriyah Teaching Hospital and Private laboratories. This
was during the period between November (2023) to February (2024). The current study
included 96 Volunteers from men and women and divided into four groups: 73patients
and 23healthy control group. Patients were diagnosed by an internist medicine specialist.
96 cases were considered and divided in to four groups: 1. Fatty Liver: includes (28) pa-
tients; 2. Fatty Liver with DM: includes (22) patients; 3. Fatty Liver with DM and HTN:
includes (23) patients; 4. Controls: includes (23) healthy.

Collect blood sample

After the disease is detected by the ultrasound deviceA 5 ml blood sample is obtained.
from men and women intravenously. Place in a gel tube for separation Serum. The blood
was Permitted for solidification at the surrounding temperature, and then the serum was
left Separated by centrifugation to divide it at a speed of 3000 revolutions per minute (rpm).
The serum specimens were separated for 10 minutes, after which they were kept at -20°C
(for future chemical indicator testing, unless utilized right away).

Statistical analysis

The findings of the statistical analysis, which was conducted with SPSS V 23, were
presented as mean + standard deviation (mean + SD). Subgroups were compared using a
one-way ANOVA. The link between the current research parameters was ascertained by
using Pearson's correlation. P-values indicating statistical significance (P<0.05) were used.

3. Results
General Characteristics the Groups Under Study's
Table 1 displays a general summary of patient characteristics including age and BMI.

Table 1. Overall Features the Groups Under Study's

BMI(Kg/m?) Age
Groups
Mean £SD (Years)
Fatty Liver 31.38+4.82 44.53+13.81
Fatty Liver with DM 32.64+5.19 50.00+7.69
Fatty Liver with DM and HTN 35.66+3.6.88 56.82+12.48
Controls 28.24+4.85 51.65+12.38

DM: Diabetic mellitus

HTN: Hypertension

BMI: Body mass index

SD represents the Standard deviation

Serum Levels of Erythropoietin Concentration

Table 2 and Figure 1 indicate a notable rise in the value of erythropoietin in the fatty
liver with DM and fatty liver with DM and HTN groups in comparison with the fatty liver
and control groups (p<0.05). There was no difference in the level of erythropoietin between
fatty liver and control groups (p<0.05).
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Table 2. Serum Erythropoietin levels of control and patient’s groups

Erythropoietin

Groups NO. (U/MD
Mean +SD

Fatty Liver 28 62.319.39 ¢
Fatty Liver with DM 22 68.91+7.66 b
Fatty Liver with DM and HTN 23 75.04£10.56 a
Controls 23 56.37+11.42 c
LSD 4.37

No represents the Number of subjects.

LSD represents the Least Significant Difference

(a, b, ¢) indicates having various letters in same column have been significantly differed (P
<0.05) The different letters refer to a significant difference. The same letters refer to a non-
significant difference.

Fatty Liver

Fatty Liver )
withDM  Tatty Liver
with DM and

HTN

Controls

Figure 1. Serum Erythropoietin concentrations of control and patient’s groups

Serum Levels of Lipid Profile concentrations

Table 3 and Figure 2 indicate a notable rise in the value of TC in patients groups in
comparison with controls groups (p<0.05). There was no difference in the level of TC be-
tween fatty liver and fatty liver with DM groups (p<0.05).

Also this table and figure indicate a notable rise in the value of TG and VLDL in
patients groups in comparison with controls groups (p<0.05). There was no difference in
the level of TG and VLDL between fatty liver with DM and fatty liver with DM and HTN
groups (p<0.05).

The same table and figure indicate a notable rise in the value of LDL in patients
groups in comparison with controls groups (p<0.05). There was no difference in the level
of LDL between fatty liver and fatty liver with DM groups (p<0.05).

While this table and figure indicate a notable drop in the level of HDL in patients
groups in comparison with controls groups (p<0.05). There was no difference in the level
of HDL between fatty liver and fatty liver with DM groups (p<0.05).
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Table 3. Serum Lipid Profile levels of control and patient’s groups

Crouns N TC TG HDL LDL VLDL
P o (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)

’ Mean +SD Mean +SD Mean +SD Mean +SD Mean +SD
Fatty Liver 28 20423+1785b  187.93x38.18b  45.01+650b  121.63+20.76 ab  37.58+7.63 b
Fatty Liver withDM ) - 0 ceio748b 22165421442  4255:670bc  119.77+3011b  44.33:4.22 a
Fatty Liver with DM
and HTN 23 219.88+3220a  226.81+38.68a  40.45+1150c  134.06:34.18a  4536+7.73a
Controls 23 174.11#3140 ¢  10547+419.97 ¢ 71.09+12.60a  81.92429.94 ¢  21.09+43.99 c
LSD 12.34 13.69 431 12.94 273

Figure 2. Serum Lipid Profile concentrations of control and patient’s groups

Serum Levels of trace elements concentrations
a) Serum Levels of Se concentrations

Table 4 and Figure 3 indicate a notable rise in the value of Se in patients groups in
comparison with controls groups (p<0.05). There was no difference in the level of Se be-
tween fatty liver with DM and fatty liver with DM and HTN groups (p<0.05).

Table 4. Serum Se levels of control and patient’s groups

Se (u mol\L)

Groups NO. Mean +SD
Fatty Liver 28 3.84+1.08 b
Fatty Liver with DM 22 3.31+0.76 c
Fatty Liver with DM and HTN 23 3.30+0.68 ¢
Controls 23 6.16+1.53 a
LSD 0.47
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Fatty Liver
ty L Fatty Liver

with DM Fatty Liver
with DM and

HTN

Controls

Figure 3. Serum Se concentrations of control and patient’s groups

b) Serum Levels of Fe concentrations

Table 5 and Figure 4 indicate a notable rise in the value of Fe in patients groups in
comparison with controls groups (p<0.05). There was no difference in the level of Fe be-
tween fatty liver with DM and fatty liver with DM and HTN groups (p<0.05).

Table 5. Serum Fe levels of control and patient’s groups

Fe (1 mol\L)
Groups NO. Mean +SD
Fatty Liver 28 1.50+0.30 b
Fatty Liver with DM 22 0.95+0.21 ¢
Fatty Liver with DM and HTN 23 1.02+0.16 ¢
Controls 23 1.65+0.33 a
LSD 0.11

Fatty Liver

Fatty Liver .
withDm  Fatty Liver
with DM and

HTN

Controls

Figure 4. Serum Fe concentrations of control and patient’s groups
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4. Discussion

Serum Levels of Erythropoietin Concentration

EPO production and secretion are primarily sourced from kidney peritubular inter-
stitial cells. but other organs like the liver, uterus, and cerebral also play a role. EPO ex-
pression is regulated by oxygen tension, not red blood cell concentration [23]. Hypoxia-
inducible factor 1 (HIF-1) can regulate EPO expression and the EPO receptor (EPOR), in-
creasing EPO synthesis [24]. Higher disability may be correlated with elevated EPO blood
levels during brain maturation [25]. The human hemopoietic Epo receptor (Epo-R) is a
member of Classes of receptors for cytokines class I and binds to the Epo-R dimer, causing
cytoplasmic Janus kinases 2 (JAK2) to phosphorylate the tyrosine residues of the Epo-R
and other internal proteins. Inflammation may be the source of EPO hyporesponsiveness
in non-alcoholic fatty liver disease (NAFLD), as it impairs the body's ability to respond to
medicines that stimulate erythropoiesis [26].

Erythropoietin regulates erythropoiesis, impacting trophic and development charac-
teristics, immune-related consequences, and reactions to inflammatory cytokines [27]. In
the renal and to a lesser extent in other organs, Epo production rises in hypoxic situations.
Our results concur with those of these earlier investigations [28]. This was valid not only
in the presence of additional cytokines in DR but also in the setting of elevated glucose
levels in the blood. One typical consequence of Type 2 diabetes is diabetic retinopathy [29].
In summary, erythropoietin is one of the most significant growth factors that contributes
to ischemia and angiogenic processes in diabetic retinopathy, in addition to other angio-
genic variables like vascular endothelium factor. This is consistent with the study [30].

Serum Levels of Lipid Profile Concentration

The study found that patients with non-alcoholic fatty liver disease (NAFLD) have
increased free cholesterol concentrations, which are more pronounced in cases of the dis-
ease's progressive form, NASH. Cholesterol esters do not change in response to elevated
free cholesterol, indicating a possible impairment in the function and/or expression of the
enzyme that catalyzes cholesterol esterification (ACAT). This suggests that cholesterol is
one of the toxic lipids that builds up in the liver during NAFL/liver damage [31]. A buildup
of lipids in hepatocytes because dyslipidemia and insulin resistance leads to liver damage
and an extensive response, generating hepatic inflammation and fibrosis [32]. Elevated
cellular cholesterol contributes to the onset of NAFLD and the disease's progression [33].
This validates the study's findings [34]. High blood triglycerides are more associated with
NAFLD, suggesting that a diet high in carbohydrate may cause liver cells to accumulate
more triglycerides [35]. Triglyceride accumulation is central to the development of NAFLD,
which aligns with the findings of the study [36]. To sum up, increased TG was indicative
of NAFLD [37].

NAFLD prevalence increases with elevated levels of LDL-c, possibly due to its asso-
ciation with multiple sclerosis. Impaired LRP6 function can lead to elevated hepatic LDL
deposits and blood TG and LDL levels, these are important contributors for NAFLD [38].
Insulin resistance in NAFLD reduces the response to insulin and the generation of sugar
in the liver, increasing circulating LDL cholesterol levels [39]. Excessive production of free
fatty acids may influence NAFLD development. That aligns with the findings of the study
[40]. VLDL, a type of lipid released by the liver, can be divided into two types: VLDL1 TG-
rich, big and VLDL2 thicker, lesser. By reducing the expression of apoB mRNA, insulin
controls the assembly of VLDL [41]. Preventing microsomal transfer protein synthesis and
encouraging autophagic apoB breakdown. That aligns with the findings of the study [42].
Low HDL levels are crucial for the development of NAFLD, possibly due to insulin re-
sistance. Patients with NAFLD often have lower HDL levels [43]. which is characteristic of
metabolic syndromes and is seen as a sign of the liver metabolic syndrome. This aligns
with the findings of the study [44].
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Serum Levels of trace elements (Se, Fe) Concentration

Selenium, a trace element in human health, is primarily sourced from dietary intake
and is present in 25 selenium proteins [45]. Elevated selenium levels may manage hepatic
insulin resistance and compromise insulin signaling, potentially contributing to hepatic fat
formation [46]. High blood selenium levels have been linked to non-alcoholic fatty liver
disease (NAFLD), with a rise in hyperglycemia, hyperinsulinemia, and hyperlipidemia
due to increased expression of lipogenesis-associated proteins. Elevated selenium expo-
sure may increase the expression and activity of GPxs and enhance PTP1b activity, the
essential element of liver lipid synthesis and buildup is SREBP-1c [47]. This result matched
the results of the study by [48]. Iron is essential for various metabolic processes, but too
much can cause oxidative damage. The hormone Hepcidin controls iron release from cells,
regulating body iron homeostasis [49].

Hepatic iron is crucial in nonalcoholic fatty liver disease (NAFLD) evolution, gener-
ating oxidative stress that causes cell death, DNA, lipids, and proteins damage [50]. In-
creased hepatic iron stores are associated with increased lipid peroxidation and stress on
the endoplasmic reticulum. Mouse liver iron load increases the pathways involved in the
production of cholesterol., contributing to NAFLD pathogenesis [51]. Iron stores are asso-
ciated with an increased risk of type 2 diabetes due to damage to pancreatic p-cells and
increased oxidative stress, leading to insulin resistance. Addressing iron stores and reduc-
ing inflammation is crucial This outcome agreed with the findings of the research of [52].

5. Conclusion

The study indicated that there was an increase in the levels of erythropoietin, as well
as an increase in the level of (TG, TC, LDL, V-LDL), Se, Fe, and a decrease in the level of
(HDL) in patient’s fatty liver.
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