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ABSTRACT

Background: Nonalcoholic fatty liver disease (NAFLD) is a global health concern, closely associated with obesity, type 2
diabetes mellitus (T2DM) and dyslipidemia. Orexin-A, a neuropeptide involved in metabolic regulation, has been implicated
in NAFLD pathophysiology.

Aim of the work: To assess peripheral Orexin-A levels in NAFLD patients and their correlation with metabolic risk factors.
Patients and Methods: This case-control study included 45 participants: 15 NAFLD patients without diabetes (Group 1), 15
NAFLD patients with diabetes (Group 2), and 15 healthy controls (Group 3). Lipid profile, HbAlc, and NAFLD fibrosis score
(NFS) were analyzed. A Sandwich ELISA assay was employed to determine serum Orexin-A levels.

Results: NAFLD patients exhibited significantly lower Orexin-A levels compared to controls (0.34 vs. 2.12 pg/mL, P <
0.001). Orexin-A correlated negatively with serum albumin (r = -0.361, P = 0.05) and blood urea in diabetic NAFLD patients
(r=-0.612, P = 0.015). ROC analysis demonstrated that Orexin-A <0.66 pg/mL effectively differentiated NAFLD patients
from controls (AUC = 0.877, sensitivity = 90%, specificity = 86.67%).

Conclusion: Orexin-A is significantly reduced in NAFLD patients, suggesting its potential role as a biomarker for NAFLD
detection and disease severity assessment.
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INTRODUCTION system regulation, thereby influencing the pathogenesis
of nonalcoholic steatohepatitis, while also modulating
physical activity and autonomic function to prevent

Non-alcoholic fatty liver disease (NAFLD) is a obesityt. Additionally, orexin-A functions as an anti-
prevalent liver disorder globally, strongly associated with inflammatory mediator, with its serum levels showing
obesity, dyslipidemia, type 2 diabetes mellitus (T2DM), an inverse correlation to pro-inflammatory markers like
and metabolic syndrome. Approximately 20% of cases C-reactive protein®.
progress to cirrhosis, increasing the risk of liver-specific
and overall mortality!l. NAFLD can evolve into more Orexin-A plays a crucial role in insulin sensitivity,
severe hepatic conditions, including fibrosis, cirrhosis, energy expenditure, and metabolic ratel®, while its
and hepatocellular carcinoma (HCC)™, with poor diet and deficiency may contribute to obesity and physical
physical inactivity being primary contributing factorstl. inactivity!. It is also considered a potential biomarker for

T2DM and may protect against pancreatic cell failurel”.

The hypothalamus plays a crucial role in regulating Additionally, orexin-A modulates baseline and postprandial
peripheral metabolism, including liver function, by insulin secretion, exerts a direct lipogenic effect on adipose
releasing the neuropeptide orexin-A, also known as tissue, enhances insulin release in response to glucose
hypocretin-113. Hypothalamic orexin-A exerts protective stimulation, delays gastric emptying, and increases leptin
effects against hepatic endoplasmic reticulum stress and secretion, thereby improving postprandial glycemic control
chronic inflammation in obesity via autonomic nervous and reducing baseline insulin secretion®.

DOI: 10.21608/ASMJ.2025.358987.1385
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AIM OF THE WORK

This study aims to assess peripheral Orexin-A levels
NAFLD patients, both obese and non-obese, in comparison
to healthy controls. Additionally, it seeks to correlate
Orexin-A levels with obesity, T2DM, severity of liver
disease, and dyslipidemia.

ETHICAL CONSIDERATION

Between August 2023 and February 2024, this case-
control study was conducted at the Outpatient Clinic of
the Internal Medicine Department, Ain Shams University
Hospital, following approval from the ethical committee
(Approval Code: FMASU MS 235/2023). Informed
consent was obtained from each participant in accordance
with the department's research plan. The study included
45 participants: 30 patients with NAFLD, with or without
T2DM, and 15 age- and gender-matched healthy controls.

PATIENTS AND METHODS

Study design and population

Participants were stratified into three groups according
to their clinical and laboratory profiles. Group 1 comprised
15 patients diagnosed with NAFLD in the absence of DM,
Group 2 comprised 15 patients with both NAFLD and DM,
and Group 3 served as the control group, consisting of 15
apparently healthy volunteers with normal transaminase
levels, normal hepatic ultrasound findings, and negative
serology for HBsAg and HCV-Ab.

Eligibility criteria

Inclusion criteria were adult participants of both
genders with NAFLD diagnosed by ultrasonographic
evidence of a bright liver, regardless of obesity status or the
presence of T2DMP. Exclusion criteria were participants
with alcoholic liver disease or other liver diseases (e.g.,
viral or bilharzial), advanced organ failure, malignancies,
chronic or acute conditions affecting other organs or
systems, medications that could interfere with the assay,
and neurological or psychiatric conditions that might
impact the assay's results.

All patients were subjected to the following

A comprehensive medical history was obtained
from all patients and control participants, followed by a
thorough clinical examination. Laboratory assessments
were conducted for all subjects, encompassing serum
transaminases (ALT, AST), complete blood count (CBC), a
full lipid profile (including HDL-C, LDL-C, triglycerides,
and total cholesterol), coagulation parameters, serum

albumin, renal function tests (serum creatinine and blood
urea), and urinalysis. Additionally, screening for viral
hepatitis was performed through the detection of anti-
HCYV antibodies and HBsAg. Serum Orexin-A levels were
determined using Sandwich ELISA technique.

Abdominal ultrasound

To minimize inter-observer variability, hepatic steatosis
(bright liver) was assessed in all participants by a single
operator using a Hitachi ultrasound system with a 3.5 MHz
curved probe. Patients were examined after fasting for at
least eight hours in supine, right, and left lateral positions.
The confirmation of fatty liver diagnosis was based on
hepatic echogenicity surpassing that of the spleen and
renal cortex, together with ultrasound wave attenuation,
diminished diaphragm delineation, and a poorly defined
intrahepatic structure.

NAFLD-Fibrosis score

The NAFLD Fibrosis Score (NFS) is calculated using
six variables: age (years), BMI (kg/m?), impaired fasting
glucose (IFG) or diabetes, AST/ALT ratio, platelet count,
and albumin (g/dL). Two cutoff points were used to
determine fibrosis severity: a score >0.676 indicates the
presence of significant fibrosis (F3-F4) with a positive
predictive value of 90%, while a score < -1.455 predicts
the absence of significant fibrosis (FO-F2) with a negative
predictive value of 93%. Scores between -1.455 and 0.675
are considered indeterminate!'..

Statistical methods

SPSS software (version 27, IBM, Armonk, New
York, USA) was used for statistical analysis and data
management. Data were described as mean =+ standard
deviation (SD) for quantitative (numerical) variables
and as median & interquartile range (IQR) (categorical)
variables. Non-parametric data were compared using
Kruskal-Wallis test followed by Mann-Whitney post-hoc
test for pair-wise analysis. Kolmogorov-Smirnov Z test
was used for comparing the test to control groups (pair-
wise analysis). Parametric data were compared using one-
way ANOVA test followed by LSD post-hoc test for pair-
wise analysis. Correlation of non-parametric data was done
using the spearman’s correlation test. All statistical tests
were two-sided. Statistical significance was defined as a
p-value below 0.05.

RESULTS

No substantial difference was identified between
the control and cases groups regarding sex distribution
(P =0.502) or mean age (P = 0.073).
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The cases group had significantly elevated HbAlc
(P = 0.001), cholesterol (P < 0.001), triglycerides
(P < 0.001), LDL (P < 0.001), BMI (P < 0.001), NFS
(P < 0.001). Conversely, HDL (P < 0.001) and Orexin

A levels (P < 0.001) were significantly lower in cases.
Ultrasound results revealed that 100% of cases exhibited
a bright liver, whereas none of the controls displayed this
finding (P < 0.001). (Table 1).

Table 1: Comparison of laboratory parameters, ultrasound findings, and Orexin-A levels in study groups.

Parameter Controls (n = 15) Cases (n =30) P-value
ALT (U/L) 16.27 £ 4.48 18.53 +7.34 0.28
AST (U/L) 18 (16 —23) 18 (14-21) 0.79
S. albumin (g/dL) 3.51+0.25 3.37+0.20 0.054
HB (g/dL) 11.63 +1.50 11.94+1.13 0.44
PLT (x10°/L) 311.67 +50.53 266.13 + 83.62 0.06
TLC (x10°/L) 7.34+£2.09 7.78 £1.92 0.489
Negative HBsAg 15 (100.0%) 30 (100.0%) -
Negative HCV Ab 15 (100.0%) 30 (100.0%) -
HbAlc (%) 4.88+0.49 6.74£1.97 0.001*
BI. Urea (mg/dL) 33.33+£6.82 38.90 = 10.06 0.06*
S. Creat (mg/dL) 0.86+0.18 0.93+£0.22 0.232
Cholesterol (mg/dL) 165.00 +22.43 257.90 +48.55 <0.001*
Triglyceride (mg/dL) 124.13 £15.43 279.17 + 63.89 <0.001*
LDL (mg/dL) 48.93+9.14 130.09 + 35.80 <0.001*
HDL (mg/dL) 5520+ 6.41 42.37+8.72 <0.001*
Weight (kg) 64.07 £10.48 102.43 + 14.49 <0.001*
Height (m) 1.57+£0.07 1.57+0.10 0.962
BMI (kg/m?) 25.88+£2.95 41.65+4.54 <0.001*
NAFLD Fib Score -2.99 (-3.3--1.99) -0.04 (-1.04 - 0.69) <0.001*
Ultrasound Free: 15 (100.0%) Bright Liver: 30 (100.0%) <0.001*
Orexin A (pg/mL) 2.12 (1.58 —3.34) 0.34 (0.21-10.6) <0.001*

Data are presented as Mean + SD, Median (IQR), ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase, TLC: Total
Leukocyte Count, S. albumin: Serum Albumin, HB: Hemoglobin, PLT: Platelets, HbAlc: Glycated Hemoglobin, HBsAg: Hepatitis B
Surface Antigen, HCV Ab: Hepatitis C Virus Antibody, Bl. Urea: Blood Urea, S. Creat: Serum Creatinine, LDL: Low-Density Lipoprotein,
HDL: High-Density Lipoprotein, NAFLD: Non-Alcoholic Fatty Liver Disease, BMI: Body Mass Index, Fib Score: Fibrosis Score, DM:

Diabetes Mellitus, *: Statistically significant p-value.

Group 2 and Group 1 exhibited significantly higher
BMI (p<0.001), NAFLD fibrosis score (p<0.001),
cholesterol (p<0.001), triglycerides (p<0.001), and LDL
(»<0.001) compared to the control group. HbAlc was
significantly higher in diabetics compared to both non-
diabetics and controls (p<0.001). Blood urea was also

significantly elevated in diabetics compared to both groups
(p=0.024). No substantial variations were observed in ALT
(»=0.303), AST (p=0.565), hemoglobin (p=0.666), platelet
count (p=0.071), or total leukocyte count (p=0.736) among
the groups. (Table 2).
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Table 2: Comparison of demographics, anthropometrics, lab tests, ultrasound, and Orexin-A levels among study groups.

Parameter Controls (n=15) Non-Diabetics (n=15) Diabetics (n=15) P-Value
Females 14 (93.3%) 14 (93.3%) 12 (80.0%) 0.407
Males 1 (6.7%) 1 (6.7%) 3 (20.0%)

Age (Years) 42.93+10.932,3 53.20+6.07 1 5247+7.331 0.002*
Weight (kg) 64.07 +10.48 2,3 101.80 + 15.05 1 103.07 + 14.41 1 <0.001*
Height (m) 1.57 +0.07 1.57+0.11 1.57£0.08 0.999
BMI (kg/m?) 25.88+2952,3 4136+4.111 41.95+5.061 <0.001*
NAFLD Fib Score -2.99(-3.3--1.99)23 -0.8 (-1.05-0.31) 1,3 0.61 (-0.48-1.15)1,2 <0.001*
ALT (U/L) 16.27 +4.48 17.20 +5.37 19.87 + 8.89 0.303
AST (U/L) 18 (16 —23) 18 (13 -21) 19 (14 —-24) 0.565
S. Albumin (g/dL) 3.51+0.25 342+0.18 3.32+£0.21 0.073
HB (g/dL) 11.63 £ 1.50 11.83+0.97 12.05+1.29 0.666
PLT (x10°/L) 311.67 +50.53 247.86 +90.74 284.40 + 74.41 0.071
TLC (x10°/L) 7.34 £2.09 7.64 +£1.39 7.91+£2.38 0.736
HbAlc (%) 4.88+0.493 4.99+0.543 8.49+1.08 1,2 <0.001*
BI. Urea (mg/dL) 3333+6.823 35.60+8.58 3 4220+ 10.61 1,2 0.024*
S. Creat (mg/dL) 0.86+0.18 0.90 +0.18 0.97 +0.25 0.340
Cholesterol (mg/dL) 165.00 +22.432,3 261.73 +32.93 1 254.07+61.38 1 <0.001*
Triglyceride (mg/dL) 124.13+£15432,3 275.73 £55.86 1 282.60+72.87 1 <0.001*
LDL (mg/dL) 48.93+9.142323 14273 +33.49 1,3 117.44+34.51 1,2 <0.001*
HDL (mg/dL) 5520+6.4123 39.93+9.051 44.80+7.94 1 <0.001
Ultrasound Free: 15 (100.0%) Bright Liver: 15 Bright Liver: 15 <0.001

(100.0%) (100.0%)

1: Significantly different from Control Group, 2: Significantly different from Non-Diabetics Group, 3: Significantly different from Diabetics
Group, Data are presented as Mean = SD, Median (IQR), BMI: Body Mass Index, AST: Aspartate Aminotransferase, ALT: Alanine
Aminotransferase, HB: Hemoglobin, PLT: Platelets, S. albumin: Serum Albumin, HCV Ab: Hepatitis C Virus Antibody, TLC: Total
Leukocyte Count, LDL: Low-Density Lipoprotein, HBsAg: Hepatitis B Surface Antigen, HbAlc: Glycated Hemoglobin, Bl. Urea: Blood
Urea, S. Creat: Serum Creatinine, NAFLD: Non-Alcoholic Fatty Liver Disease, HDL: High-Density Lipoprotein, Fib Score: Fibrosis
Score, DM: Diabetes Mellitus, *: Statistically significant p-value.

Orexin-A levels significantly differed among the
studied groups (P < 0.001). Post hoc (pairwise) analysis
demonstrated that it was markedly elevated in the controls
group (2.12 [1.58 — 3.34] pg/mL) compared to both Non-
Diabetics Group (0.42 [0.17 —0.62] pg/mL, P <0.001) and

Diabetics —

Diabetics Group (0.33 [0.21 — 0.51] pg/mL, P < 0.001).
The comparison of Orexin-A levels between the Non-
Diabetic and Diabetic groups did not yield a statistically
notable variation (P > 0.05). (Figure 1)

Controls =

=
Mon-diabetics m—l
—

Fig. 1: Median Orexin-A among the study groups.
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Orexin-A levels showed a substantial negative correlation
with serum albumin among all cases (r = -0.361, p = 0.05)
and diabetic patients (r = -0.583, p = 0.022). In diabetic
patients, Orexin-A levels also exhibited a notable negative
correlation with blood urea (r = -0.612, p = 0.015) and a
positive correlation with weight (r = 0.585, p = 0.022) and

height (r = 0.652, p = 0.008). Among non-diabetic patients,
Orexin-A levels correlated negatively with height (r=-0.606,
p =0.017) and positively with hemoglobin (r = 0.521, p =
0.047). Additionally, a significant positive correlation was
observed between Orexin-A and the NAFLD fibrosis score
across all cases (r = 0.440, p = 0.015). (Table 3).

Table 3: Correlation of Orexin-A levels with clinical parameters in all, non-diabetic, and diabetic patients.

All cases Non-Diabetics Diabetics

r P-value T P-value T P-value
Age (Years) 0.215 0.253 0.224 0.423 0.156 0.58
ALT (U/L) 0.078 0.683 0.073 0.797 0.074 0.792
AST (U/L) -0.124 0.515 -0.151 0.592 0.022 0.939
S.albumin (g/dL) -0.361 0.05* -0.2 0.475 -0.583 0.022*
HB (g/dL) 0.273 0.145 0.521 0.047* 0.119 0.673
PLT (x10°/L) -0.279 0.135 -0.111 0.693 -0.427 0.112
TLC (x10°/L) -0.068 0.72 -0.207 0.46 0.07 0.805
HbAlc (%) 0.027 0.887 0.228 0.414 0.234 0.402
Bl.Urea (mg/dL) -0.214 0.255 0.041 0.884 -0.612 0.015*
S.Creat (mg/dL) -0.104 0.583 0.063 0.823 -0.273 0.324
Cholesterol (mg/dL) 0.098 0.606 0.348 0.204 -0.247 0.376
Triglyceride (mg/dL) 0.112 0.556 -0.183 0.513 0.258 0.354
LDL (mg/dL) 0.228 0.227 0.369 0.176 -0.115 0.682
HDL (mg/dL) -0.197 0.298 -0.235 0.399 -0.096 0.734
Weight (kg) 0.065 0.734 -0.305 0.269 0.585 0.022*
Height (m) -0.096 0.615 -0.606 0.017* 0.652 0.008*
BMI (kg/m?) 0.267 0.153 0.382 0.16 0.07 0.805
NAFLD Fib score 0.440 0.015* 0.416 0.123 0.483 0.068

ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase, S. albumin: Serum Albumin, HB: Hemoglobin, PLT: Platelets, TLC:
Total Leukocyte Count, HbAlc: Glycated Hemoglobin, Bl. Urea: Blood Urea, S. Creat: Serum Creatinine, LDL: Low-Density Lipoprotein,
HDL: High-Density Lipoprotein, BMI: Body Mass Index, NAFLD: Non-Alcoholic Fatty Liver Disease, Fib Score: Fibrosis Score, DM:

Diabetes Mellitus, *: Statistically significant p-value.

Orexin A demonstrated strong diagnostic accuracy for
NAFLD, with an optimal cutoff of <0.66 distinguishing
NAFLD patients from normal individuals (AUC = 87.7%,
sensitivity = 90%, specificity = 86.67%). In non-diabetic
NAFLD patients, the same cutoff (<0.66) yielded AUC =

87.6%, sensitivity = 86.67%, specificity = 86.67%. Among
diabetic NAFLD patients, a slightly lower cutoff (<0.64)
achieved AUC = 87.8%, sensitivity = 93.33%, specificity
=86.67%. (Figure 2 (A-C)).
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Fig. 2: ROC curve to assess Orexin-A to differentiate between (A) control and patient groups, (B) control and non-diabetic patients,

(C) control and Diabetic patients
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DISCUSSION

NAFLD, a significant etiological factor in cirrhosis
and HCC, evolves from simple hepatic steatosis to non-
alcoholic steatohepatitis (NASH), which is characterized by
necroinflammation and an accelerated fibrotic process!'!.

NAFLD is strongly linked to metabolic syndrome
components, including obesity, insulin resistance,
hyperlipidemia, and hypertension. Orexins, polypeptides
derived from the lateral hypothalamus, particularly
orexin-A, regulate feeding behavior, glucose homeostasis,
and energy expenditure®® '2. Central orexin activity has
been implicated in preventing NASH, HCC, and obesity
by promoting physical activity®..

This study aims to evaluate peripheral Orexin A levels
in NAFLD patients, obese or non-obese, compared to
controls and to explore correlations with obesity, T2DM,
and dyslipidemia.

Within  our study population, no substantial
discrepancy was detected between the case and control
groups concerning sex distribution. Similarly, Li et al.l')
reported that obesity substantially increased the likelihood
of NAFLD development, irrespective of gender, with a
highly significant association (P < 0.001). While in the
non-obese individuals, NAFLD was more common in
male patients than in females (P=0.001). Another study by
Balakrishnan et al.'¥ showed that women have a lower
risk of developing NAFLD than men.

Our study also revealed a statistically significant
increase in Cholesterol, Triglyceride, LDL, HDL and BMI
in cases groups than control group. This suggests there is
a strong link between NAFLD and obesity. Nonetheless,
albumin levels, platelet count, and serum transaminases
(ALT, AST) did not differ markedly between case and
control groups. These observations correspond with the
findings of Li et al.l"].

Acomparison of the anthropometric parameters revealed
statistically significant increase in the BMI, triglyceride
values between the two groups (obese group and non-
obese group), this suggest that BMI and Triglyceride were
associated with risk for developing NAFLD in non-obese
individuals.

Also, in our study there was statistically significant
increase in HbAlc in cases group than control group.
Those results were consistent with Masroor and Haque!'™
who revealed that among cases and control groups there are
66 % of cases and 32 % of control had HbA 1C levels more
than 5.7%. It also showed that HbA1C was significantly
associated with NAFLD.

Furthermore, abnormally elevated HbAIC had
predictive potential of over 70% for NAFLD and after
adjustment for body measurement indices, it is the single
risk factor most strongly associated with NAFLD. In
comparison with other anthropometric measures in the
adult population, HbA1C may be provided as a possible
biomarker for NAFLDU!3.,

A recent study conducted on Chinese patients by Chen
et al.' found that higher levels of HbAlc may lead to the
development of NAFLD. It suggests that this type of altered
hemoglobin may contribute to the NAFLD development
directly, by increasing RAGE (Receptor for Advanced
Glycation End products), or indirectly, by promoting
hypoxia and inhibiting NO (Nitric Oxide) release, HbAlc
levels and NAFLD development are positively influencing
each other. This means that there is a strong positive
relation between abnormal levels of HbAlc and incidence
of NAFLD.

In the current study, there was substantially significant
elevation in NFS in cases group than control group and
there was statistically significant increase in group 1 than
in control group, and there was statistically significant
increase group 2 than in control group, also there was
statistically significant increase in group 2 than in group 1.

Our results were consistent with Rigor et al.'” who
revealed that NFS has negative predictive value of 93%
which is adequate to rule out advanced fibrosis in NAFLD
patients. So, it is appropriate for use in healthcare settings
as well as part of referral and follow-up programs.

However, a study by Graupera et al.'"® demonstrated
that NFS have a weak correlation with liver stiffness,
resulting in a significant number of false positives and false
negatives. This limitation reduces their utility as screening
tools in primary care settings. Therefore, the development
of novel noninvasive approaches with improved accuracy
is recommended for fibrosis detection, particularly in low-
prevalence fibrosis populations.

Another study by Kjaergaard et al.'® showed that
NAFLD Fib Score has higher false positive (45%) and false
negative (3%) results when compared to Enhanced Liver
Fibrosis test (ELF) alone or combined with FIB-4 score,
also it revealed that ELF test accurately categorized 85%
of all subjects, whereas NAFLD Fib Score successfully
classified only 54%.

Orexin A levels were significantly higher in both Group
1 (non-diabetic) and Group 2 (diabetic) compared to
control group, with no substantial variation between patient
groups. The optimal cutoff to distinguish cases (diabetic
and non-diabetic) from controls was <0.66, yielding 90%
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sensitivity, 86.67% specificity, and an AUC of 87.7%. For
differentiating NAFLD patients without diabetes (Group 1)
from controls, the best cutoff was also <0.66, with 86.67%
sensitivity, 86.67% specificity, and an AUC of 87.6%. To
distinguish NAFLD patients with diabetes (Group 2) from
controls, the optimal cutoff was <0.64, achieving 93.33%
sensitivity, 86.67% specificity, and an AUC of 87.8%.

This supports the conclusions drawn by Tsuneki
et al™ whose study on mice models demonstrated
that demonstrated that Mice with orexin deficiency
developed significant obesity, NASH, and fibrosis. Long-
term high fat diet feeding resulted in the HCC. Daily
intracerebroventricular supplementation with orexin A
mitigated inflammation and hepatic endoplasmic reticulum
stress, indicating its potential role in preventing the
advancement of NASH, NAFLD, and HCC.

Another study on Kurdish subjects in Iraq by Sadig
et al showed that Orexin A correlated significantly
with fasting blood sugar and HbAlc, and may be a useful
biomarker for T2DM. The positive correlation of orexin-A
with FBG might be links to the orexin-A role in protecting
against pancreatic cell malfunction and stimulating insulin
production from pancreatic beta cells in people with
T2DM.

CONCLUSION

Orexin-A is significantly reduced in NAFLD patients,
suggesting its potential role as a biomarker for NAFLD
detection and disease severity assessment.

CONFLICT OF INTERESTS

There is no conflicts of interest.

DECLARATION OF CONFLICTING INTERESTS

The author(s) declared no potential conflicts of interest
with respect to the research, authorship, and/or publication
of this article.

FUNDING

The author(s) received no financial support for the
research, authorship, and/or publication of this article.

CONTRIBUTION

All authors made a significant contribution to the work
reported, whether that is in the conception, study design,

execution, acquisition of data, analysis and interpretation,
or in all these areas; took part in drafting, revising or
critically reviewing the article; gave final approval of
the version to be published; have agreed on the journal
to which the article has been submitted; and agree to be
accountable for all aspects of the work.

REFERENCES

1. Sheka AC, Adeyi O, Thompson J, Hameed B,
Crawford PA and Ikramuddin S. Nonalcoholic
steatohepatitis: a review. Jama. 2020;323(12):1175-83.

2. Kotinkova L, PraZienkova V, Cerna L, KarnoSova
A, Zelezna B, Kune$ J, et al. Pathophysiology of
NAFLD and NASH in Experimental Models: The Role
of Food Intake Regulating Peptides. Front Endocrinol
(Lausanne). 2020;11:597583.

3. Fraile JM, Palliyil S, Barelle C, Porter AJ and
Kovaleva M. Non-Alcoholic Steatohepatitis (NASH)
- A Review of a Crowded Clinical Landscape,
Driven by a Complex Disease. Drug Des Devel Ther.
2021;15:3997-4009.

4. Tsuneki H, MaedaT, Takata S, Sugiyama M, Otsuka
K, Ishizuka H, et al. Hypothalamic orexin prevents
non-alcoholic  steatohepatitis and hepatocellular
carcinoma in obesity. Cell Rep. 2022;41(3):111497.

5. Jacobson LH, Hoyer D and de Lecea L. Hypocretins
(orexins): The ultimate translational neuropeptides. J
Intern Med. 2022;291(5):533-56.

6. Valenzano A, Tartaglia N, Ambrosi A, Tafuri
D, Monda M, Messina A, ef al. The Metabolic
Rearrangements of Bariatric Surgery: Focus on
Orexin-A and the Adiponectin System. J Clin Med.
2020;9(10).

7. Sadiq CH, Ridha H. Hussein, and Ismail M.
Maulood. Relationship Between Orexin-A and
Insulin Resistance in Patients with Type 2 Diabetes
Mellitus. Iraqi J Sci. 2021;62(3):779-86.

8. Mohammadi S, Dolatshahi M, Zare-Shahabadi A
and Rahmani F. Untangling narcolepsy and diabetes:
Pathomechanisms with eyes on therapeutic options.
Brain Res. 2019;1718:212-22.

9. Yang KC, Hung H-F, Lu C-W, Chang H-H, Lee
L-T and Huang K-C. Association of Non-alcoholic
Fatty Liver Disease with Metabolic Syndrome
Independently of Central Obesity and Insulin
Resistance. Sci Rep. 2016;6(1):27034.

426



Naguib et al.

10.

11.

12.

13.

14.

Schmitz SM-T, Kroh A, Ulmer TF, Andruszkow J,
Luedde T, Brozat JF, et al. Evaluation of NAFLD
and fibrosis in obese patients — a comparison of
histological and clinical scoring systems. BMC
Gastroenterol. 2020;20(1):254.

Rinella ME and Sookoian S. From NAFLD to
MASLD: updated naming and diagnosis criteria for
fatty liver disease. J Lipid Res. 2024;65(1):100485.

Lopez-Méndez I, Maldonado-Rojas ADC, Uribe
M and Juarez-Hernandez E. Hunger & satiety
signals: another key mechanism involved in the
NAFLD pathway. Front Endocrinol (Lausanne).
2023;14:1213372.

Li Y, Chen Y, Tian X, Zhang S and Jiao J.
Comparison of Clinical Characteristics Between
Obese and Non-Obese Patients with Nonalcoholic
Fatty Liver Disease (NAFLD). Diabetes Metab Syndr
Obes. 2021;14:2029-39.

Balakrishnan M, Patel P, Dunn-Valadez S, Dao C,
Khan V, Ali H, et al. Women Have a Lower Risk of
Nonalcoholic Fatty Liver Disease but a Higher Risk of
Progression vs Men: A Systematic Review and Meta-
analysis. Clin Gastroenterol Hepatol. 2021;19(1):61-
71.el5.

15.

16.

17.

18.

19.

Masroor M and Haque Z. HbA(1C) as a Biomarker
of Non-alcoholic Fatty Liver Disease: Comparison
with Anthropometric Parameters. J Clin Transl
Hepatol. 2021;9(1):15-21.

Chen J, Montagner A, Tan NS and Wahli W.
Insights into the Role of PPARB/6 in NAFLD. Int J
Mol Sci. 2018;19(7).

Rigor J, Diegues A, Presa J, Barata P and Martins-
Mendes D. Noninvasive fibrosis tools in NAFLD:
validation of APRI, BARD, FIB-4, NAFLD fibrosis
score, and Hepamet fibrosis score in a Portuguese
population. Postgrad Med. 2022;134(4):435-40.

Graupera I, Thiele M, Serra-Burriel M, Caballeria
L, Roulot D, Wong GL, et al. Low Accuracy of FIB-
4 and NAFLD Fibrosis Scores for Screening for Liver
Fibrosis in the Population. Clin Gastroenterol Hepatol.
2022;20(11):2567-76.¢6.

Kjaergaard M, Lindvig KP, Thorhauge KH,
Andersen P, Hansen JK, Kastrup N, ef al. Using
the ELF test, FIB-4 and NAFLD fibrosis score to
screen the population for liver disease. J Hepatol.
2023;79(2):277-86.

427



OREXIN-A IN NAFLD
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