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ABSTRACT

Background: Nonalcoholic fatty liver disease (NAFLD) is a prevalent metabolic disorder affecting approximately 25% of
the global population. It is closely linked to insulin resistance (IR), obesity, type 2 diabetes, and metabolic syndrome.

Objectives: The of this study to analyze the correlation between insulin resistance indexes (HOMA-IR, TyG Index) and
serum levels of zonulin and clusterin in patients with NAFLD.

Method and materials: A case-control study was conducted at Kirkuk Teaching Hospital in Irag. The study took place from
September 15,2024, to January 18, 2025, and included 90 participants between 30 and 60 years of age—60 patients diagnosed
with NAFLD (30 males and 30 females) and 30 healthy controls (15 males and 15 females). Serum measurements of fasting
blood glucose (FBS) and triglycerides (TG) were performed using automated biochemical analyzers. Fasting insulin, zonulin,
and clusterin were estimated by enzyme-linked immunosorbent assay (ELISA).

Results: NAFLD patients exhibited significantly higher fasting blood sugar (132.94 + 21.34 mg/dL vs. 100.19 + 10.61
mg/dL, p<0.01), triglycerides (191.19 + 19.04 mg/dL vs. 144.53 + 16.48 mg/dL, p<0.01), insulin (19.98 + 4.54 mIU/mL vs.
8.97 + 3.47 mlU/mL, p<0.01), HOMA-IR (6.73 £ 2.44 vs. 2.27 + 1.03, p<0.01), and TyG Index (9.43 + 0.23 vs. 8.88 + 0.20,
p<0.01) than controls. Zonulin (72.50 £ 8.24 ng/mL vs. 57.17 + 8.26 ng/mL, p<0.01) and clusterin (186.82 + 25.29 ng/mL
vs. 132.79 + 21.76 ng/mL, p<0.01) were also significantly elevated. Correlation analysis showed zonulin and clusterin were
positively associated with insulin resistance markers (HOMA-IR, fasting insulin and TyG Index; p<0.01). ROC curve
analysis revealed HOMA-IR (AUC = 0.975) as the most powerful diagnostic marker, followed by TyG Index (AUC = 0.966),
clusterin (AUC = 0.945), and zonulin (AUC = 0.903).

Conclusions: Zonulin, and clusterin levels were significantly higher in patients with NAFLD, HOMA-IR remains the best
predictor of NAFLD, while TyG Index, clusterin, and zonulin may serve as additional biomarkers.
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1. INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a multifaceted condition marked by the deposition of fat in the liver without
any sign of excessive alcohol intake. This is a prevalent liver disease globally, impacting almost 25% of the world's
population. It is strongly linked to obesity, type 2 diabetes, and metabolic syndrome®. NAFLD starts with the excessive
accumulation of triglycerides in hepatocytes (simple steatosis) and progresses to hepatic steatosis accompanied by
inflammation (non-alcoholic steatohepatitis, NASH), followed by fibrosis, cirrhosis, and finally hepatocellular carcinoma
(HCC)U—,

The consumption of high-fat and high-calorie foods, coupled with a sedentary lifestyle, promotes the onset of obesity, insulin
resistance, and type 2 diabetes mellitus, all of which lead to impaired metabolic regulation and the progression of fatty liver
disease, now recognized as the most prevalent chronic liver disease globally ¢=7,
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Non-alcoholic fatty liver disease (NAFLD) represents a major hepatic disorder, needing large medical costs, causing
economic harms, and lowering health-related quality of life ® . The majority of patients are asymptomatic; However, they
may report fatigue malaise, and a sense of fullness or discomfort in the right upper abdomen ¢,

Timely identification and intervention of NAFL may stop progression to more severe NAFLD, including NASH, liver
fibrosis, and cirrhosis. Liver biopsy is the gold standard for diagnosing hepatic steatosis and its progressive stages; however,
other non-invasive techniques are available for clinical practice. Ultrasound is commonly used as a primary imaging modality
in clinical practice due to its low cost, great availability, and absence of radiation exposure ©. Lifestyle modifications,
including significant weight reduction through low-calorie diets and increased physical activity, are seen as primary therapies

for managing NAFLD, as weight loss is associated with a decrease in liver fat, potentially reversing disease development
(10—11)

Insulin resistance (IR) appears to play an essential role in the development of NAFLD. It really results in heightened hepatic
lipogenesis and insufficient regulation of lipolysis in adipose tissue, so increasing the influx of fatty acids into the liver.
Additionally, under insulin resistance conditions, the beta-oxidation of free fatty acids (FFAS) is reduced, hence promoting
the hepatic buildup of lipids. Upon accumulation in the liver, FFAs can trigger modifications in insulin signaling pathways
by activating serine kinases, hence promoting the systemic condition of IR“213, The Homeostatic Model Assessment for
Insulin Resistance (HOMA-IR) is a significant metric for evaluating insulin resistance and serves as the diagnostic criteria
for NAFLD. The Triglyceride Glucose (TyG) Index is recognized as a reliable and direct surrogate marker of IR. It also
possesses considerable importance in metabolic disorders, including NAFLD®415),

Zonulin is an acute-phase protein that regulates intestinal permeability by reducing the stability of tight junctions and is
proposed as a biomarker for intestinal permeability, measurable in both blood and fecal samples.9

Clusterin (CLU), or apolipoprotein J, is a secreted glycoprotein characterized by a highly conserved heterodimeric structure.
It is expressed in various tissues and can be identified in all human bodily fluids ®7).

2. MATERIALS AND METHODS

A case-control study was carried out on a total of 90 individuals (includes patients and healthy). This study was carried out
with the approval of the Scientific Research Committee of College of Medicine, University of Tikrit, and the Regional
Research Committee of Kirkuk Health Administration, and was conducted at Kirkuk Teaching Hospital, in Kirkuk City,
Irag.

The patients included in this study were recruited during the period from 15" September 2024 to 18" January 2025.
Study Groups

Patients diagnosed with  NAFLD by upper abdomen ultra-sonogram were included in the study. This study investigated
60 patients (30 male and 30 female); they ranged in age from 30 to 60 years. Submitted to the primary accommodations from
Kirkuk Teaching Hospital.

For standardization and comparison, a group of 30 apparently healthy individuals was selected (by upper abdomen ultra-
sonogram). The individuals were matched for sex, age, and weight with the patient groups. The age range of the individuals
was between 30 and 60 years, with 15 males and 15 females. This control group was confirmed to be free of any illness and
not taking any medication.

After fasting for 8-12 hours, approximately 6 ml of venous blood was collected from each case. The blood was allowed to
clot immediately and then centrifuged to separate the serum. Serum levels of zonulin, clusterin, and insulin levels were
measured using sandwich enzyme-linked immunosorbent assay (ELISA) kits. Additionally, serum glucose and triglyceride
were measured colorimetrically using commercially available kits on a fully automated analyzer in the Clinical Biochemistry
Laboratory. The following equations were used to calculate HOMA-IR (Homeostatic Model Assessment of Insulin
Resistance) and TyG (Triglyceride-Glucose Index).

» Calculation of HOMA-IR®®)

HOMA — IR = fasting serum insulin level(ulU/ml) xfasting glucose level (mg/dL)/405
= Calculation of triglyceride-glucose (TyG) index®

TyG index=In(Fasting Triglycerides (mg/dL)xFasting Glucose (mg/dL)/2)

All statistical analyses were performed using GraphPad Prism version 9.0 (GraphPad Software, San Diego, CA, USA) and
IBM SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA). The ROC curve analysis was performed using MedCalc
Statistical Software version 20.115 (MedCalc Software Ltd, Ostend, Belgium). Data normality was assessed using the
Shapiro-Wilk test. Continuous variables are presented as mean + standard deviation (SD). Between-group comparisons were
conducted using the Mann-Whitney U test for non-normally distributed data and independent t-tests for normally distributed
data. Correlations between variables were evaluated using Spearman's rank correlation coefficient. Statistical significance
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was set at p < 0.05, with all tests being two-tailed.

3. RESULTS

This study shows that fasting blood sugar (FBS) levels were significantly higher in patients (132.94 = 21.34 mg/dL)
compared to controls (100.19 + 10.61 mg/dL) (p<0.01). Similarly, triglyceride (TG) levels were elevated in patients (191.19
+ 19.04 mg/dL) compared to controls (144.53 £ 16.48 mg/dL) (p<0.01), indicating lipid abnormalities. Additionally, insulin
levels were significantly increased in patients (19.98 + 4.54 mIU/mL) compared to controls (8.97 + 3.47 mIU/mL) (p<0.01).
The HOMA-IR index was also markedly higher in patients (6.73 + 2.44) than in the control group (2.27 + 1.03) (p<0.01),
reflecting greater insulin resistance. Lastly, the Triglyceride-Glucose Index (TyG) was significantly elevated in patients (9.43
+ 0.23) compared to controls (8.88 + 0.20) (p<0.01), further supporting the presence of metabolic disturbances, as shown in
Table 1.

Table 1: Comparison of Metabolic Parameters Levels Between Patients and Controls.

Parameter Patients (n=60) Controls (n=30) p-value
FBS mg/dI 132.94 + 21.34 100.19 + 10.61 <0.01
TG mg/dI 191.19 + 19.04 144.53 + 16.48 <0.01
Insulin level mlU/mL 19.98 + 4.54 8.97 + 3.47 <0.01
HOMA-IR 6.73+£2.44 2.27+£1.03 <0.01
TyG 9.43+0.23 8.88 £ 0.20 <0.01

The values are expressed as mean * standard deviation, and the p-values are provided to assess the statistical significance
of the differences between the groups.

This study demonstrates that both Clusterin and Zonulin levels were significantly elevated in patients compared to the
control group. Clusterin levels were markedly higher in patients (186.82 + 25.29 ng/mL) compared to controls (132.79 =
21.76 ng/mL), with a statistically significant difference (p<0.01). Similarly, Zonulin levels were significantly increased in
patients (72.50 + 8.24 ng/mL) compared to the control group (57.17 + 8.26 ng/mL) (p<0.01). As shown in Table 2.

Table 2: Comparison of Serum Clusterin and Zonulin Levels Between Patients and Controls.

Parameter Patients (n=60) Controls (n=30) p-value
Clusterin ng/ml 186.82 + 25.29 132.79 £ 21.76 <0.01
Zonulin ng/ml 72.50 + 8.24 57.17 £ 8.26 <0.01

Values are presented as mean + standard deviation. Both biomarkers showed significantly higher concentrations in patients
compared to controls (p < 0.01). Clusterin demonstrated a more pronounced elevation (40.7% increase) compared to zonulin
(26.8% increase) in the patient group. Statistical significance was determined using Mann-Whitney U test.

Table 3: Correlation analysis of various biomarkers and clinical parameters in patients group.

clusterin Zonulin | HOMA -IR | insulin level | TyG

ng/mi ng/mi miU/mL
clusterin r | 1.00 0.463 0.393 0.479 0.329
ng/ml p | <0.001 | 0.002 <0.001 0.010
Zonulin r | 0.463 1.00 0.416 0.422 0.537
ng/ml p | <0.001 <0.001 <0.001 <0.001
HOMA -IR r | 0.393 0.416 1.00 0.949 0.847

p | 0.002 <0.001 <0.001 <0.001

insulin level r | 0.479 0.422 0.949 1.00 0.726

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 23s

pg. 807



Marwan Habeeb Hamad, Entedhar Rifaat Sarhat

mlU/mL p | <0.001 <0.001 | <0.001 <0.001
TyG r | 0.329 0.537 | 0.847 0.726 1.00
p | 0.010 <0.001 | <0.001 <0.001
FBS r | 0.247 0.400 | 0.890 0.720 0.914
mg/dl p | 0.057 0.002 <0.001 <0.001 <0.001
TG mg/dl r | 0.310 0.543 | 0.469 0.468 0.749
p | 0.016 <0.001 | <0.001 <0.001 <0.001

The matrices display Pearson correlation coefficients (r) and their corresponding p-values (p), Patient group.

Table 4: Diagnostic Performance Metrics of Key Biomarkers and Clinical Parameters.

Variable AUC | 95% Cl | Cutoffs | Sens. | Spec. | +LR -LR +PV | -PV
Zonulin 0.823to
0.903 >66.13 81.67 | 86.67 | 6.13 0.21 925 | 703
ng/mi 0.956
Clusterin 0.876to
0.945 >162.88 | 83.33 |93.33 | 1250 | 0.18 96.2 | 73.7
ng/ml 0.982
0.904 to
TyG 0.966 >9.056 93.33 | 80.00 | 4.67 0.083 | 90.3 | 85.7
0.993
0.918 to
HOMA IR 0.975 0.99 >3.420 96.67 | 86.67 | 7.25 0.038 | 935 | 929

Area Under the Curve (AUC) - ClI 95% Confidence Interval - Sensitivity (Sens.) -

Specificity (Spec.) - Positive Likelihood Ratio (+LR) - Negative Likelihood Ratio (-LR) - Positive Predictive Value (+PV)
Negative Predictive Value (-PV).

4. DISCUSSION

FBS levels were significantly elevated in patients (132.94 + 21.34 mg/dl) compared to controls (100.19 + 10.61 mg/dl) (p <
0.01). The 32.7% increase indicates impaired glucose regulation in patients. The notably larger standard deviation in patients
suggests more variable glycemic control compared to controls.

The present investigation indicated that FBS was considerably higher in the NAFLD group compared to the control group.
This aligned with another research in which FBS was similarly the NAFLD group exhibited greater values in comparison to
the control group @0,

A strong link has been found between dysglycemia and fatty liver disease. Specifically, it was discovered that higher FBF
levels were associated with an increased likelihood of FLD @V,

Fasting insulin concentrations were significantly higher in patients (19.98 + 4.54 mIU/mL) compared to controls (8.97
3.47 mlU/mL) (p < 0.01). This 122.7% elevation indicates marked hyperinsulinemia in the patient group.

This study found that the NAFLD group had much higher fasting insulin levels than the control group. This was in agreement
with another study that found that fasting insulin levels were much higher in the NAFLD group compared to the control
group® This has been explained by the fact that NAFLD patients have lower insulin sensitivity @3,

Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) values were markedly elevated in patients (6.73 * 2.44)
compared to controls (2.27 £ 1.03) (p < 0.01). This increase indicates substantial insulin resistance in the patient group. The
higher standard deviation in the patient group suggests greater variability in insulin resistance among patients compared to
controls.

This study found that the NAFLD group had much higher HOMA-IR than the control group. This was in agreement with
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other studies that found that HOMA-IR was much higher in the NAFLD group compared to the control group(?423

The Triglyceride-Glucose (TyG) index showed significant elevation in patients (9.43 + 0.23) versus controls (8.88 + 0.20)
(p < 0.01). While the absolute difference appears modest, the narrow standard deviations in both groups indicate this is a
consistent and reliable finding, suggesting altered glucose-lipid homeostasis in patient.

In this study, the Triglyceride-Glucose (TyG) index was significantly higher in the patient group compared with the control
group. These observations agree with those of Simental-Mendia et al @ and Peng, et al® both of whom reported elevated
TyG levels in NAFLD patients compared to controls. Zhang et al demonstrated TyG efficacy in detecting insulin resistance
in NAFLD patients, showing high sensitivity and specificity@?.

Analysis of serum clusterin levels revealed significantly elevated concentrations in patients (186.82 + 25.29 ng/ml) compared
to control subjects (132.79 £ 21.76 ng/ml) (p < 0.01). This marked elevation, representing an approximately 40.7% increase,
suggests substantial alterations in clusterin expression in the patient group. The relatively narrow standard deviations in both
groups indicate consistent clusterin elevation across the patient population, strengthening the reliability of this finding. The
results of our study agree with Wang et al, who found that the participants with NAFLD had significantly higher serum
clusterin levels than those without NAFLD @9),

Although clusterin is a glycoprotein that is found in many organs, it is thought to come mostly from the liver because
hepatocytes have higher amounts of clusterin mMRNA expression than other cells @9, This protein is crucial for controlling
inflammation and immune reactions because it works with complement factors, immunoglobulins, and different pathways
that cause inflammation ©% Remarkably, an increase in clusterin levels has been linked to insulin resistance, suggesting that
it may play a role in metabolic control GV, Despite a decrease in the amount of clusterin bound to lipoproteins, hyperlipidemia
causes an increase in serum clusterin (apo J) levels®?),

In the framework of NAFLD, which is characterized by inflammation, metabolic dysregulation, and insulin resistance, our
results indicate that clusterin is raised and might potentially play a role in the development of the illness.

Serum zonulin concentrations demonstrated a significant elevation in the patient group (72.50 + 8.24 ng/ml) compared to
controls (57.17 £ 8.26 ng/ml) (p < 0.01). This 26.8% increase in zonulin levels suggests potential alterations in intestinal
permeability among patients. The comparable standard deviations between groups indicates consistent zonulin elevation
across the patient population. The results of our study agree with Wang et al, who demonstrated that serum zonulin
concentration is increased in children and adolescents with NAFLD than those without NAFLD®®),

Nonalcoholic Fatty Liver Disease is characterized by excessive fat deposition in the liver and is associated with low-grade
chronic inflammation, involves an elevated production of interleukin-6 (IL-6), which in turn induces zonulin expression via
Signal Transducer and Activator of Transcription 3(STAT3) activation and miR-18a >3, Zonulin acts as a pivotal regulator
of intestinal permeability, and its increased levels lead to the so-called “leaky gut,” allowing bacterial translocation and the
influx of bacterial products into the bloodstream. This process increases hepatic inflammation, thereby advancing the disease
from simple steatosis to the more severe non-alcoholic steatohepatitis (NASH) 9,

Hendy et al, demonstrated elevated zonulin and I1L-6 levels in NAFLD patients compared with healthy controls®?, Our study
aligns with these findings about elevated zonulin in NAFLD patients.

Our study revealed significant positive correlations between serum clusterin levels and multiple metabolic. Zonulin (r =
0.463, p < 0.001) showed a strong association with clusterin, suggesting a potential link between gut permeability and
metabolic dysfunction. In terms of insulin resistance, clusterin correlated positively with HOMA-IR (r = 0.393, p = 0.002),
fasting insulin levels (r = 0.479, p < 0.001), TyG index (r = 0.329, p = 0.010), and fasting blood sugar (FBS) (r = 0.247, p =
0.057), indicating its involvement in glucose metabolism and insulin sensitivity.

Furthermore, clusterin exhibited positive correlations with triglycerides (TG) (r = 0.310, p = 0.016). These findings
collectively highlight clusterin as a key biomarker in NAFLD, influencing insulin resistance, lipid metabolism.

Our study revealed significant positive correlations between zonulin levels and multiple metabolic. Zonulin showed a
positive correlation with insulin resistance markers, including HOMA-IR (r = 0.416, p < 0.001), fasting insulin levels (r =
0.422, p <0.001), TyG index (r = 0.537, p < 0.001) and fasting blood sugar (FBS) (r = 0.400, p < 0.001), suggesting its role
in glucose metabolism impairment and insulin resistance. Additionally, zonulin was significantly correlated with
triglycerides (TG) (r = 0.543, p <0.001). These findings highlight zonulin’s potential role in metabolic dysfunction, linking
it to insulin resistance, and lipid dysregulation, which are key contributors to NAFLD pathophysiology.

As shown in table (4) our study demonstrated that HOMA-IR is the most powerful marker (AUC = 0.975), with high
sensitivity (96.67%) and specificity (86.67%). Its low -LR (0.038) makes it the best for ruling out disease, while its high
sensitivity ensures minimal missed cases.

TyG ranks second (AUC = 0.966), with strong sensitivity (93.33%) but lower specificity (80.00%). It is highly effective for
ruling out disease but slightly weaker for confirming diagnoses compared to HOMA-IR and Clusterin.
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Clusterin is a strong marker (AUC = 0.945), with high specificity (93.33%) and a superior +LR (12.50), making it the best
for confirming disease. However, its lower sensitivity (83.33%) makes it less effective for ruling out cases.

Zonulin is the weakest among the four (AUC = 0.903), with moderate sensitivity (81.67%) and specificity (86.67%). It has
the lowest +LR (6.13) and highest -LR (0.21), making it the least reliable but still useful when combined with stronger
markers.

5. CONCLUSION

NAFLD patients exhibit significant metabolic dysregulation, including insulin resistance, increased zonulin, and elevated
clusterin levels. These findings suggest a potential role of zonulin and clusterin in NAFLD pathophysiology, particularly in
metabolic dysfunction and gut permeability alterations. HOMA-IR remains the best predictor of NAFLD, while TyG Index,
clusterin, and zonulin may serve as additional biomarkers.

REFERENCES

[1] Jin Y, Heo KS. Experimental model and novel therapeutic targets for non-alcoholic fatty liver disease
development. The Korean Journal of Physiology & Pharmacology. 2023 Jul 1;27(4):299-310.

[2] Dhurgham A. Mahmood Yaser A.M Sulaiman, Kasim Sakran Abass. Evalution of liver function tests in patients
with psoriasis. Evalution of liver function tests in patients with psoriasis. Revista Latinoamericana de
Hipertension. 2022;17( N° 6): 396-403

[3] Mahmood Dh. A.,Relationship between Paraoxonase and Malondialdehyde as a marker of oxidative stress in
patients with psoriasis. Revista Latinoamericana de Hipertension. 2022;17( N° 6): 404-409.

[4] Chen H. Nutrient mTORCL1 signaling contributes to hepatic lipid metabolism in the pathogenesis of non-
alcoholic fatty liver disease. Liver Res. 2020 Mar;4(1):15-22.

[5] Sarhat, E.R., Abbas, M.Q., Ali, N.H., Wadi, S.A., Sarhat, T.R. Evalution of Ceruloplasmin, Sialic Acid and
Liver Function for Women with Breast Cancer. AIP.2022; 2394( 1):6.

[6] FatmasS. Abd-Algader. EVALUATION OF THE ROLE OF COENZYME Q 10 IN THE BLOOD OF BREAST
CANCER WOMEN,2023; 5 (338):91-95.

[7]1 Yahoo N, Dudek M, Knolle P, Heikenwélder M. Role of immune responses in the development of NAFLD-
associated liver cancer and prospects for therapeutic modulation. J Hepatol. 2023 Aug;79(2):538-51.

[8] Saleh, N.1.S.; Wadee, S.A.; Sarhat, E.R. Minimizing the side effects of Doxorubicin Induced Hepatotoxicity by
using alcoholic extract of Date Palm in adult rats .Revista Bionatura 2023;8 (2) 63.
http://dx.doi.org/10.21931/RB/CSS/2023.08.04.03.

[9] Hussain I. Hussain, Elham M. Mahmood, Saif Kamil, Huda A. Hameed, Samira AH. Abdulla, Entedhar R.
Sarhat. Chloroquine Induced Lesions in the Visceral Tissues of Albino Mice.Bahrain Medical Bulletin,2024;
46(3): 2313— 2317

[10] Sarhat RS, Siham A.W, Ayhan R. M. Effect of Ethanolic Extraction of Moringa oleifera on Paraoxonase and
Arylesterase enzyme activity in High Fat Diet-induced Obesity in Rats. Research J. Pharm. and Tech.2018;
11(10): 4601-4. 8.

[11] Mahmmod M, Sarhat E. HEPCIDIN AND FERRITIN MODULATED IN OBESE MALE. Georgian Med
News. 2023 Nov;(344):114-118. PMID: 38236110.

[12] Salim J. Khalaf, Moayad M. Al Anzy, Entedhar R. Sarhat. Impact of Metformin On Osteoprotegerin levels In
Polycystic Ovarian Women. GMN;.2024; 1 (346) 2024:144-146

[13]Jihad AT Levels of AMH and Hepcidin as Potential Biomarkers for Polycystic Ovary Syndrome. Georgian
medical news.2023; 6 (339):47-51.

[14] Tawfeq MT. Metformin effects on neuregulin-1 in polycystic ovarian women. Georgian medical news.
2023;4:56- 62.

[15] Allow SM. Metformin effects on blood levels of gremlin-1 in polycystic ovarian women. Georgian medical
news. 2023;337:51-55.

[16] Seethaler B, Basrai M, Neyrinck AM, Nazare JA, Walter J, Delzenne NM, et al. Biomarkers for assessment of
intestinal permeability in clinical practice. American Journal of Physiology-Gastrointestinal and Liver
Physiology. 2021 Jul 1;321(1):G11-7.

[17] Sultana P, Novotny J. Clusterin: a double-edged sword in cancer and neurological disorders. EXCLI J.
2024;23:912.

[18] Biernacka-Bartnik A, Kocetak P, Owczarek AJ, Chorgza PS, Markuszewski L, Madej P, et al. The cut-off value

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 23s
pg. 810



Marwan Habeeb Hamad, Entedhar Rifaat Sarhat

for HOMA-IR discriminating the insulin resistance based on the SHBG level in women with polycystic ovary
syndrome. Front Med (Lausanne). 2023 Mar 10;10.

[19] Song S, Son DH, Baik SJ, Cho WJ, Lee YJ. Triglyceride Glucose-Waist Circumference (TyG-WC) is a Reliable
Marker to Predict Non-Alcoholic Fatty Liver Disease. 2022.

[20] Mashahit M, Hamad A, Zaki O. Is HOMA-IR a potential screening test for non-alcoholic fatty liver disease in
adults with type 2 diabetes? Fayoum University Medical Journal. 2019;4(1):21-9.

[21]Hong S hyeon, Lee JS, Kim JA, Lee YB, Roh E, Hee Yu J, et al. Glycemic variability and the risk of
nonalcoholic fatty liver disease : A nationwide population-based cohort study. Diabetes Res Clin Pract. 2021
Jul;177:108922.

[22] Motamed B, Vajargah MK, Kalantari S, Shafaghi A. HOMA-IR index in non-diabetic patient, a reliable method
for early diagnosis of liver steatosis. Caspian J Intern Med. 2022;13(3):519.

[23] Reda Albadawy AMEB. Diagnostic Accuracy of HOMA-IR in Detecting and Grading Nonalcoholic Fatty Liver
Disease. Egypt J Hosp Med. 2023 Oct 1;93(1):7018-7005.

[24] Zeng P, Cai X, Yu X, Gong L. Markers of insulin resistance associated with non-alcoholic fatty liver disease in
non-diabetic population. Sci Rep. 2023 Nov 22;13(1):20470.

[25] Simental-Mendia LE, Simental-Mendia E, Rodriguez-Hernandez H, Rodriguez-Moran M, Guerrero-Romero F.
The product of triglycerides and glucose as biomarker for screening simple steatosis and NASH in
asymptomatic women. Ann Hepatol. 2017;15(5):715-20.

[26] Peng H, Pan L, Ran S, Wang M, Huang S, Zhao M, et al. Prediction of MAFLD and NAFLD using different
screening indexes: A cross-sectional study in U.S. adults. Front Endocrinol (Lausanne). 2023 Jan 19;14.

[27]Zhang S, Du T, Zhang J, Lu H, Lin X, Xie J, et al. The triglyceride and glucose index (TyG) is an effective
biomarker to identify nonalcoholic fatty liver disease. Lipids Health Dis. 2017 Dec 19;16(1):15.

[28] Wang Y, Shen Y, Hu T, Wang Y, Ma X, Yu H, et al. Associations between serum clusterin levels and non-
alcoholic fatty liver disease. Endocr Connect. 2023 Apr 12;12(7).

[29] Park JS, Lee WK, Kim HS, Seo JA, Kim DH, Han HC, et al. Clusterin overexpression protects against western
diet-induced obesity and NAFLD. Sci Rep. 2020 Oct 15;10(1):17484.

[30] Wittwer J, Bradley D. Clusterin and Its Role in Insulin Resistance and the Cardiometabolic Syndrome. Front
Immunol. 2021 Feb 25;12.

[31]Jeon YK, Kim SS, Kim JH, Kim HJ, Kim HJ, Park JJ, et al. Combined Aerobic and Resistance Exercise Training
Reduces Circulating Apolipoprotein J Levels and Improves Insulin Resistance in Postmenopausal Diabetic
Women. Diabetes Metab J. 2020;44(1):103.

[32]Rull A, Martinez-Bujidos M, Pérez-Cuellar M, Pérez A, Ordofiez-Llanos J, Sdnchez-Quesada JL. Increased
concentration of clusterin/apolipoprotein J (apoJ) in hyperlipemic serum is paradoxically associated with
decreased apoJ content in lipoproteins. Atherosclerosis. 2015 Aug;241(2):463-70.

[33] Pacifico L. Increased circulating zonulin in children with biopsy-proven nonalcoholic fatty liver disease. World
J Gastroenterol. 2014;20(45):17107.

[34] Sapone A, de Magistris L, Pietzak M, Clemente MG, Tripathi A, Cucca F, et al. Zonulin Upregulation Is
Associated With Increased Gut Permeability in Subjects With Type 1 Diabetes and Their Relatives. Diabetes.
2006 May 1;55(5):1443-9.

[35] Tripathi A, Lammers KM, Goldblum S, Shea-Donohue T, Netzel-Arnett S, Buzza MS, et al. Identification of
human zonulin, a physiological modulator of tight junctions, as prehaptoglobin-2. Proceedings of the National
Academy of Sciences. 2009 Sep 29;106(39):16799-804.

[36] Machado M, Cortez-Pinto H. Non-alcoholic fatty liver disease and insulin resistance. Eur J Gastroenterol
Hepatol. 2005;17(8).

[37]1Hendy OM, Elsabaawy MM, Aref MM, Khalaf FM, Oda AMA, El Shazly HM. Evaluation of circulating

zonulin as a potential marker in the pathogenesis of nonalcoholic fatty liver disease. APMIS. 2017 Jul
21;125(7):607-13.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 23s
pg. 811



