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ABSTRACT 

Background: Fatty pancreas or nonalcoholic fatty pancreatic disease (NAFPD) is an excessive fat 

infiltration of the pancreas due to obesity. The need of laboratory marker that can be used as simple non-

invasive biomarker to aid in diagnosis is crucial to be adding to the investigations, especially when used the 

abdominal ultrasound. Fatty acid binding protein 1 (FABP1) is a tissue specific marker that can be used to 

diagnose NAFPD as per Nature. 

Objective: To determine the incidence of NAFPD among obese and non-obese Egyptian people with or 

without DM, evaluate for possible association with DM or obesity, correlate between pancreatic steatosis 

(NAFPD) and non-alcoholic liver disease, and evaluate the diagnostic role of FABP1 in Egyptian patient 

with or without DM in relation to obesity. 

Patients and methods: A prospective cohort study included 80 patients aged from 18-70 years, attended the 

outpatient clinic of the Liver and Digestive System and Infectious Diseases Department at Al-Azhar 

University Hospital (Cairo) from January 2020 to December 2020. Patients were a divided into 4 equal 

groups: Group 1: Apparently healthy individuals with normal BMI and non-diabetic, Group 2: Patients with 

normal BMI, diabetics or impaired fasting blood glucose, Group 3: Patients with BMI over 25 non-diabetics, 

and Group 4: Patients with BMI over 25, diabetics or impaired fasting blood glucose level. 

Results: There was a significant statistically difference between groups as regard to FABP1. The results of 

this study showed that the level of FABP1 was significantly higher in grade I, II and III more than grade 0 of 

pancreatic echogenicity. On the other hand, the level of FABP1 showed a significant increase in grade III 

liver echogenicity more than grade I and II. Also, grade I, II and III showed a significant increase in FABP 1 

more than grade I liver echogenicity. By using FABP 1 as a predictor to pancreatic echogenicity, it was found 

that at cut off value 32.0, the sensitivity of FABP1 to diagnose pancreatic echogenicity was 86.0%, 

specificity was 80.0%, and total accuracy was 84.0%. By using FABP1 as a diagnostic marker in liver 

echogenicity at cut off value 31.0, the sensitivity was 81.0%, specificity was 76.0% and total accuracy was 

78.0%. 

Conclusion: FABP1 can be used a diagnostic biomarker for non-alcoholic fatty pancreatic disease. 
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INTRODUCTION 

     Fatty pancreas or nonalcoholic fatty 

pancreatic disease (NAFPD) is an 

excessive fat infiltration of the pancreas 

due to obesity in the absence of significant 

alcohol intake (Pacifico et al., 2015). 

High energy intake in human (Obesity) 

may lead to excessive fat which could be 

accumulated in visceral organs that are 

unusual for adipose tissue storage, the so-

called ectopic fat (Heber et al., 2017). 

Fatty pancreas is a common ultrasound 

finding which has increased echogenicity 

when compared to the normal pancreas 

(Mathur et al., 2017). 

     Fatty liver disease (NAFLD), the 

potential systemic and local consequences 

excessive fat accumulation in the pancreas 

have not been well established. Fatty 

infiltration in the pancreas has been 

showed to correlate with the metabolic 

risk factors and may represent a 

meaningful manifestation of metabolic 

syndrome. Epidemiology study also 

suggests that obesity is a risk factor for 

pancreatic cancer (Lesmana et al., 2018). 

     Based on a recent study, fatty 

infiltration in the pancreas may increase 

the risk of pancreatic ductal 

adenocarcinoma beyond the effect of 

obesity alone (Tariq et al., 2016). It is 

usually an incidental finding during 

transabdominal ultrasound examination 

and its clinical significance is still poorly 

understood. Prevalence of NAFPD has 

been reported in Asia as well as in 

Western countries. In Taiwan, Wang et al. 

reported that 16% of Chinese population 

had fatty pancreas (Wang et al., 2014). 

     In addition, available data suggest that 

decreased pancreatic volume and 

increased pancreatic fat content are more 

frequently observed in subjects suffering 

from impaired glucose metabolism, and 

pancreatic fat content was reported to 

correlate with insulin secretion in subjects 

at increased risk for metabolic diseases. 

One explanation of these heterogeneous 

findings may be the different imaging 

modalities used for the assessment of 

pancreatic fat content, including 

ultrasound, computed tomography (CT), 

and magnetic resonance imaging (MRI) 

(Lesmana et al., 2018). 

     Given its nonionizing nature and high 

soft tissue contrast, MRI may be 

particularly suited to gain insights into the 

role of pancreatic fat content. Update 

imaging modalities to study pancreas is 

not available among most hospitals. 

NAFPD may allegedly develop into 

chronic pancreatitis and further leads to 

pancreatic cancer, and facilitates its 

dissemination. Patients with type 2 DM 

have a 2-fold increase in the risk of 

pancreatic cancer. T2DM patients with 

NAFPD should be considered for 

pancreatic cancer screening and 

surveillance. Factors which are known to 

be associated with NAFPD in general 

population include male, age over 60 

years hypertension, fasting blood glucose, 

triglycerides, body mass index, central 

obesity and nonalcoholic fatty liver 

disease (NAFLD) (Tariq et al., 2016). 

     The need of laboratory marker that can 

be used as a simple non-invasive 

biomarker to aid in diagnosis is crucial to 

be adding to the investigations, especially 

when used the abdominal ultrasound. 

Fatty Acid Binding protein 1 (FABP1) is a 

tissue specific marker that can be used to 

diagnose NAFPD as per Nature 

(Furuhashi and Hotamisligil, 2018). 
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     The aim of the present study was to 

determine the incidence of NAFPD 

among obese and non-obese Egyptian 

people with or without DM, evaluate for 

possible association with DM or obesity, 

correlate between pancreatic steatosis 

(NAFPD) and non-alcoholic liver disease, 

and evaluate the diagnostic role of FABP1 

in Egyptian patient with or without DM in 

Relation to obesity. 

PATIENTS AND METHODS 

     This was a prospective cohort study 

including 80 patients aged from 18-70 

years, attended the outpatient clinic of the 

Liver and Digestive System and Infectious 

Diseases Department at Al-Azhar 

University Hospital (Cairo) from January 

2020 to December 2020. They were   

divided into 4 equal groups: Group 1: 

Apparently healthy individual with normal 

BMI and non-diabetic, Group 2: Patients 

with normal BMI, diabetics or impaired 

fasting blood glucose, Group 3: Patients 

with BMI over 25, non-diabetics, and 

Group 4: Patients with BMI over 25, 

diabetics or impaired fasting blood 

glucose level. 

Inclusions Criteria: All subjects aged 

from 18-70 years old. 

Exclusions Criteria: Drugs induced 

pancreatitis (Amiodarone, cortisone, 

Valproate, methotrexate). Alcohol intake 

>20gm /day. Advanced co-morbidities 

The patients had been evaluated 

clinically and examined as follow: 

• Blood pressure, body mass index 

(BMI) = weigh (Kg)/ height (meter) 

2>30 kg/m2 

• Complete blood count (CBC, ESR). 

• Fasting blood sugar. 

• HbA1c%. 

• HCV antibody and HBVs antigen. 

• Liver function tests including alanine 

amino transferase, aspartate 

aminotransferase, gamma glutamyl 

transpeptidase, alkaline phosphatase 

(ALT, AST, GGT, ALP) serum 

bilirubin, and serum albumin. 

• Lipid profile including cholesterol, 

triglycerides, HDL, and LDL. 

• Fatty Acid Binding protein1 (FABP1) 

which had been evaluated by the 

enzyme-linked immunosorbent assay 

(ELISA), and the deviation from the 

normal had been correlated with other 

investigations and clinical 

manifestations of the subjects. 

• Abdominal Ultrasound grading of fatty 

liver and pancreas by radiologist or 

gastroenterologist. 

 

Fatty liver had been diagnosed as follows (Ahn et al., 2016): 

Level 0 Normal liver echogenicity. 

Level 1 
A slight increase in liver echogenicity with no attenuation in the far 

field. 

Level 2 
A moderate increase in liver echogenicity with light attenuation in the 

far field and the diaphragm and vessels clearly visible. 

Level 3 
A substantial increase in liver echogenicity with poor visualization of the 

diaphragm and the vessels. 

NAFLD was diagnosed when the liver appeared as level 1 to 3. 
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The pancreas echogenicity was also classified into 4 grades (Lee et al., 2010): 

Level 0 The pancreas echogenicity was similar to renal parenchyma. 

Level 1 

The pancreas was slightly high than in kidney when the operator 

can see both in the same view in the transverse epigastric scan with 

slight move to the right. if kidney and pancreas couldn’t be 

displayed in the same screen, the radiologist compared the kidney 

with the liver and then compared the liver with the pancreas  

Level 2 
A substantial increase in pancreas echogenicity but lower than 

retroperitoneal fat echogenicity. 

Level 3 
The pancreas echogenicity is similar to or higher than rectoperineal 

fat. 

NAFPD had been diagnosed when the pancreas appeared as level 1 

 

Statistical analysis: 

     The collected data were coded, 

processed and analyzed using the SPSS 

(Statistical Package for the Social 

Sciences) version 22 for Windows® (IBM 

SPSS Inc, Chicago, IL, USA). Data were 

tested for normal distribution using the 

Shapiro Wilk test. Qualitative data were 

represented as frequencies and relative 

percentages. Chi square test (χ2) to 

calculate difference between two or more 

groups of qualitative variables. ROC 

curve used to detect a cutoff of certain 

outcome. Quantitative data were 

expressed as mean ± SD (Standard 

deviation). Independent samples t-test was 

used to compare between two independent 

groups of normally distributed variables 

(parametric data). P value < 0.05 was 

considered significant. 
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RESULTS 

 

     There was a significant statistically 

difference between groups regarding to 

BMI. There was no significant statistically 

difference between groups regarding to 

age and sex (Table 1). 

 

Table (1): Comparison between different studied groups regarding basic 

demographic and clinical data 

Groups  

Parameters 

Group (1) 

(n=20) 

Group (2) 

(n=20) 

Group (3) 

(n=20) 

Group (4) 

(n=20) 

P 

value 

Age (years) 

Range 

mean +SD 

 

35.00-47.00 

41.20±6.46 

 

34.00-58.00 

43.15±11.86 

 

36.00-55.00 

45.95±5.28 

 

36.00-55.00 

44.35±5.17 

 

>0.05 

Gender 

Male 

Female 

 

10 (50.0%) 

10 (50.0%) 

 

12 (60.0%) 

8 (40.0%) 

 

9 (45.0%) 

11(55.0%) 

 

6 (30.0%) 

14 (70%) 

 

>0.05 

BMI (kg/m2) 

Range 

mean +SD 

 

21.00-24.50 

23.16±0.96 

 

21.00-24.50 

23.16±0.92 

 

26.30-34.00 

29.73±2.18 

 

26.30-36.30 

32.31±2.67 

 

<0.001 

P1  >0.05 0.0036* 0.001*  

P2   0.0029* 0.001*  

P3    >0.05  

Current smoking  4 (40.0%) 6 (30.0%) 6 (30.0%) 5 (25.0%) >0.05 

Systolic blood 

pressure (mmH) 

Range 

mean +SD 

 

 

25.0-135.0 

121.75±23.36 

 

 

25.0-138.0 

125.05±23.99 

 

 

25.0-135.0 

121.60±23.34 

 

 

25.0-138.0 

124.90±23.94 

 

 

>0.05 

Diastolic blood 

pressure (mmHg) 

Range 

mean +SD 

 

 

65.00-85.00 

77.00±5.71 

 

 

60.00-85.00 

68.50±7.96 

 

 

60.00-85.00 

68.30±6.91 

 

 

65.00-85.00 

77.50±5.74 

 

 

>0.05 

Hepatomegaly 1 (5%) 2 (10%) 1 (5%) 3 (15%) >0.05 
P1 comparison between group 1 and other groups,  

P2 comparison between group 2 and other groups,  

P3 comparison between group 3 and 4.  
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     There was significant statistically 

difference between groups as regard to 

hematological parameters (Table 2). 

 

Table (2): Comparison between groups as regard to haematological parameters 

Groups 

 

Parameters 

Group (1) 

(n=20) 

Group (2) 

(n=20) 

Group (3) 

(n=20) 

Group (4) 

(n=20) P value 

mean +SD mean +SD mean +SD mean +SD 

Hemoglobin (g/dL) 

Range 

mean +SD 

 

13.00-14.70 

13.64±0.45 

 

11.00-13.40 

12.32±0.61 

 

11.00-13.40 

12.33±0.57 

 

11.00-14.70 

12.09±0.47 

< 0.001 

P1  <0.001 <0.001 <0.001  

P2   0.958 0.190  

P3    0.155  

MCV (fL) 

Range 

mean +SD 

 

82.00-89.00 

85.75±2.36 

 

70.00-89.00 

80.35±6.04 

 

53.00-89.00 

83.95±7.73 

 

82.00-89.00 

85.80±2.35 

0.004 

P1  0.001 0.326 0.947  

P2   0.109 0.001  

P3    0.312  

RDW (%) 

Range 

mean +SD 

 

13.0-14.80 

14.36±0.30 

 

12.00-14.80 

13.50±0.92 

 

12.0-14.80 

13.64±0.82 

 

11.90-15.00 

13.80±0.69 

0.002 

P1  <0.001 0.001 0.002  

P2   0.614 0.251  

P3    0.508  

MPV (fL) 

Range 

mean +SD 

 

7.30-7.90 

7.58±0.19 

 

6.00-7.80 

6.97±0.59 

 

6.00-7.90 

7.04±0.65 

 

7.40-8.60 

7.99±0.36 

<0.001 

P1  <0.001 0.001 <0.001  

P2   0.723 <0.001  

P3    <0.001  

Leukocyte (109/L) 

Range 

mean +SD 

 

6.20-6.80 

6.51±0.20 

 

6.30-8.70 

7.40±0.83 

 

6.20-6.80 

6.49±0.21 

 

6.30-8.70 

7.60±0.80 

<0.001 

P1  <0.001 0.759 <0.001  

P2   <0.001 0.443  

P3    <0.001  

Platelet (109/L) 

Range 

mean +SD 

 

244.00-265.00 

254.15±5.79 

 

213.00-239.00 

225.15±7.67 

 

220.00-265.00 

248.95±11.03 

 

220.00-265.00 

248.55±10.71 

<0.001 

P1  <0.001 0.070 0.047  

P2   <0.001 <0.001  

P3    0.908  

ESR 

Range 

mean +SD 

 

13.00-16.50 

15.16±0.79 

 

12.00-16.00 

14.17±1.01 

 

15.00-20.00 

17.78±2.05 

 

13.00-16.50 

15.18±0.80 

<0.001 

P1  0.001 <0.001 0.937  

P2   <0.001 0.001  

P3    <0.001  
P1 comparison between group 1 and other groups, P2 comparison between group 2 and other groups,  

P3 comparison between group 3 and 4. 
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     There was a significant statistically 

difference between groups as regard to 

ALT, AST and GGT (0.001, 0.002 and 

0.001). There was a significant 

statistically difference between groups as 

regard to triglycerides (p value < 0.001) 

(Table 3). 

 

Table (3): Comparison between groups a regard to hepatic laboratory investigation 

Groups  

Parameters 

Group (1) 

(n=20) 

Group (2) 

(n=20) 

Group (3) 

(n=20) 

Group (4) 

(n=20) 

P 

value 

ALT (U/L) 

Range 

Mean +SD 

 

16.00-21.00 

18.15 ±1.63 

 

23.00-37.00 

29.15±4.26 

 

45.00-58.00 

53.35±3.44 

 

65.00-78.00 

71.35±4.04 

 

<0.001 

P1  0.008 0.001 0.001  

P2   0.021 0.003  

P3    0.008  

AST (U/L) 

Range 

Mean +SD 

 

20.00-38.00 

26.65±5.25 

 

21.00-33.00 

27.60±3.76 

 

44.00-55.00 

49.40±3.41 

 

58.00-71.00 

64.10±3.93 

 

<0.001 

GGT (U/L) 

Range 

Mean +SD 

 

22.00-35.00 

27.30±3.97 

 

22.00-35.00 

26.30±4.61 

 

44.00-59.00 

52.60±4.17 

 

61.00-72.00 

66.20±3.47 

 

<0.001 

P1  0.211 0.005 0.001  

P2   0.007 0.001  

P3    0.082  

Triglycerides 

(mg/dL) 

Range 

mean +SD 

 

 

115.00-134.00 

123.20±5.41 

 

 

133.00-150.00 

141.35±5.0 

 

 

190.00-211.00 

202.80±5.93 

 

 

217.00-234.00 

223.35±5.20 

 

<0.001 

P1  0.053 0.002 0.001  

P2   0.031 0.001  

P3    0.107  

P1 comparison between group 1 and other groups,  

P2 comparison between group 2 and other groups,  

P3 comparison between group 3 and 4.  
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     The level of FABP1 was significantly 

higher in grade I, II and III more than 

grade 0 of pancreatic echogenicity. On the 

other hand, the level of FABP1 showed a 

significant increase in grade III liver 

echogenicity more than grade I and II. 

Also, grade I, II and III showed a 

significant increase in FABP 1 more than 

grade I liver echogenicity (Table 4). 

 

Table (4): Comparison between groups a regard to FABP 1, pancreatic echogenicity 

and liver echogenicity 

Groups  

Parameters 

Group (1) 

(n=20) 

Group (2) 

(n=20) 

Group (3) 

(n=20) 

Group (4) 

(n=20) 

P 

value 

FABP 1 (ng/mL) 

Range 

Mean +SD 

19.00-28.00 

23.25 ±3.02 

24.00-39.00 

30.25 ±4.23 

25.00-39.00 

32.70 ±4.11 

30.00-48.00 

40.75 ±4.87 

<0.001 

P1  0.036 0.035 0.011  

P2   0.126 0.022  

P3    0.047  

Pancreatic 

echogenicity 

 Grade 0 

 Grade 1 

 Grade 2 

 Grade 3 

 

 

20 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

 

 

13 (65%) 

7 (35%) 

0 (0%) 

0 (0%) 

 

 

9 (45%) 

8 (40%) 

3 (15%) 

0 (0%) 

 

 

6 (30%) 

11 (55%) 

2 (10%) 

1 (5%) 

0.001 

P1  >0.05 0.011 0.003  

P2   >0.05 0.001  

P3    0.042  

Liver echogenicity 

Grade 0 

 Grade 1 

 Grade 2 

 Grade 3 

 

20 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

 

14 (70%) 

6 (30%) 

0 (0%) 

0 (0%) 

 

10 (50%) 

7 (35%) 

3 (15%) 

0 (0%) 

 

6 (30%) 

11 (55%) 

2 (10%) 

1 (5%) 

 

0.002 

P1  0.046 0.002 0.001  

P2   0.061 0.001  

P3    0.014  

P1 comparison between group 1 and other groups,  

P2 comparison between group 2 and other groups,  

P3 comparison between group 3 and 4.  
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     The present study showed that there 

were significant statistically differences a 

between groups as regard to FABP 1. 

There were significant statistically 

differences between groups as regard to 

pancreatic echogenicity, and liver 

echogenicity (Table 5). 

 

Table (5): Relation between FABP1 level and pancreatic echogenicity, liver 

echogenicity, pancreatic echogenicity grade and liver echogenicity grade 

FABP 1 No Yes 

Pancreatic echogenicity: 

Range 

Mean+S.D. 

 

19.0-48.0 

29.56+7.43 

 

24.0-47.0 

35.00+6.33 

P  <0.001 

Liver echogenicity: 

Range 

Mean+S.D. 

 

19.0-47.0 

29.61+7.25 

 

24.0-48.0 

35.09+6.61 

P  <0.001 

 Grade 0 Grade I Grade II Grade III 

Pancreatic echogenicity 

grade: 

Range 

Mean+S.D. 

 

 

19.0-40.0 

27.56+7.43 

 

 

24.0-37.0 

35.57+6.64 

 

 

25.0-37.0 

32.0+4.69 

 

 

35.0-47.0 

35.9+0.0 

P  0.009 

P1  0.002 0.016 0.003 

P2   0.211 0.365 

P3    0.211 

 Grade 0 Grade I Grade II Grade III 

Liver echogenicity grade: 

Range 

Mean+S.D. 

 

19.0-42.0 

28.61+7.25 

 

24.0-48.0 

35.16+7.16 

 

30.0-39.0 

34.40+4.27 

 

37.0-37.0 

37.00+0.0 

P  0.013 

P1  0.001 0.001 0.001 

P2   0.652 0.452 

P3    0.107 
P1 comparison between group 1 and other groups,  

P2 comparison between group 2 and other groups,  

P3 comparison between group 3 and 4. 
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     By using FABP 1 as a predictor to 

pancreatic echogenicity, it was found that 

at cut off value 32.0 the sensitivity of 

FABP1 to diagnose pancreatic 

echogenicity was 86.0%, specificity was 

80.0% and total accuracy was 84.0%. By 

using FABP1 as a diagnostic marker in 

liver echogenicity at cut off value 31.0, 

the sensitivity was 81.0%, specificity was 

76.0% and total accuracy was 78.0% 

(Table 6). 

 

Table (6): Sensitivity, specificity and accuracy of FABP 1 in prediction the 

pancreatic echogenicity and liver echogenicity 

Area Cut off value P value 
Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

Pancreatic echogenicity 

0.821 32.0 0.001 0.610 0.832 

Sensitivity 

Specificity 

Accuracy 

86.0 

80.0 

84.0 

Liver echogenicity 

0.795 31.0 0.001 0.604 0.829 

 

DISCUSSION 

     There were significant statistically 

differences between groups regarding to 

BMI, and no significant statistically 

differences between groups regarding to 

age and sex. 

     In agreement with our results, Shi et al. 

(2012) found that there were no 

significant differences in age and gender 

between obese and normal-weight 

subjects. Tirkes et al. (2019) found that 

distribution of patient’s sex was similar in 

patients with and without CP and T2DM. 

Patients in the CP (Chronic Pancreatitis) 

group were older (age, 60 years; range, 

22–75 years) than those in the no CP 

group (age, 50 years; range, 19–78 years). 

Patients with and without T2DM had 

similar age (57 vs 55 years, respectively). 

     The present study showed that there 

was no significant statistically difference 

between groups as regard to 

hematological parameters. There were a 

significant statistically differences 

between groups as regard to blood glucose 

level, there was a significant increase in 

both fasting glucose and HbA1c in both 

group 2 and 4 more than other two groups. 

     In agreement with our results, study of 

Nakamura et al. (2017) reported that 

HbA1c was significantly higher in the 

T2DM group compared with the non-DM 

group. 

     Furthermore, Wu and Wang (2013) 

revealed that as compared to the normal 

pancreas group, the fatty pancreas group 

was characterized by significantly higher 

FBG, PBG (postprandial blood glucose), 

HbA1c and by a significantly higher 

platelet count. 

     In addition, Della Corte et al. (2015) 

found obese children with NAFLD 

complicated with NAFPD had a higher 

insulin resistance and circulating levels of 

tumor necrosis factor-α and interleukin-1β 

than those without NAFPD. Similarly, a 

community cohort study held by Wong et 

al. (2014) also proved that adults with 

both NAFPD and NAFLD had a higher 

homeostasis model assessment of insulin 
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resistance (HOMA-IR) than those with 

either condition alone. Pancreatic fat 

content was associated with HOMA-IR, 

even after adjusting for hepatic fat content 

and BMI. A study conducted by van der 

Zijl et al. (2011), involving patients with 

impaired fasting glucose and/or impaired 

glucose tolerance that used hyperglycemic 

clamp to assess insulin sensitivity, showed 

an inverse correlation between pancreatic 

fat content and insulin sensitivity. 

     The current study showed that there 

was significant statistically difference 

between groups as regard to ALT, AST 

and GGT. There was significant 

statistically difference between groups as 

regard to triglycerides. 

     Our results were supported by study of 

Shi et al. (2012) as they reported that 

compared with normal-weight subjects, 

obese subjects had higher BMI, waist 

circumference (WC), blood pressure, 

ALT, AST, TG, TC, LDL-c and fasting 

glucose. 

     Furthermore, Nakamura et al. (2017) 

revealed that between the two groups, 

mean AST, ALT, TG and low-density 

lipoprotein (LDL)-cholesterol were 

significantly higher in the T2DM group 

compared with the non-DM group. 

     However, Wu and Wang (2013) 

revealed that as compared to the normal 

pancreas group, the fatty pancreas group 

was characterized by significantly higher 

mean total cholesterol, TG, and LDL-C 

values. No statistically significant 

differences between the two groups were 

observed for liver function tests involving 

aspartate aminotransferase, alanine 

aminotransferase, and γ-glutamyl 

transpeptidase measurements or for tumor 

markers including carcinoembryonic 

antigen and carbohydrate antigen. 

     In the past, the diagnosis of pancreatic 

steatosis was made on in vivo autopsy 

specimens. With the advent of more 

advanced and sophisticated imaging 

modalities, pancreatic steatosis is most 

often found using these imaging 

techniques. Ultrasonography is the most 

widely and commonly used imaging 

technique (Tariq et al., 2016). 

     In the study in our hands, there was 

significant statistically difference between 

groups as regard to pancreatic 

echogenicity. There were significant 

statistically difference between groups as 

regard to liver echogenicity. 

     Lee et al. (2010) diagnosed an 

increased echogenicity of pancreatic body 

over the kidney echogenicity during 

ultrasonography as fatty pancreas. They 

found that insulin resistance, visceral fat, 

triglyceride, and alanine aminotransferase 

(ALT) tended to increase with the degree 

of fat deposition in the pancreas. They 

found the presence of fatty pancreas along 

with fatty liver concurrently in many 

cases. They suggested that fatty pancreas 

might be the initial indicator of “ectopic 

fat deposition” and as an early marker of 

insulin resistance, which is a key element 

of fatty liver and/or metabolic syndrome. 

     Another study done by Al-Haddad et 

al. (2018) who used endoscopic 

ultrasound, also found hepatic steatosis, 

alcohol use, and increased BMI as 

predictors of pancreatic steatosis, with 

hepatic steatosis being the strongest 

predictor with an odds ratio of nearly 14-

fold. Ultrasonography has some 

limitations considering that pancreas may 

not be well visualized in obese patients 
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and pancreatic fibrosis also appears 

hyperechogenic. To avoid the later 

problem, kidneys or liver can be used as a 

reference point; a higher pancreatic 

echogenicity as compared to liver or 

kidney indicates pancreatic steatosis, 

while an echogenicity similar to 

retroperitoneal fat suggests highest 

amount of pancreatic fat deposition (Smits 

and van Geenen, 2011). 

     The present study showed that there 

was significant statistically difference 

between groups as regard to FABP 1. 

Positive significant correlation between 

FABP 1 and age and BMI, while there is 

non-significant correlation between FABP 

1 and female sex, systolic blood pressure 

(mmHg), diastolic blood pressure 

(mmHg), currently smoking, total 

cholesterol, triglycerides, HDL, LDL, 

GGT, AST, ALT, HbA1c and Leukocyte. 

     However, previous studies provided 

inconsistent results regarding the 

association of NAFPD with age, sex, 

hypertension, hypertriglyceridemia, and 

NAFLD. These inconsistent results may 

be due to difference in diagnostic 

methods, small sample size in some 

studies and its retrospective design. Also, 

the need of laboratory marker that can be 

used as simple non-invasive biomarker to 

aid in diagnosis is crucial to be adding to 

the investigations, especially when used 

the abdominal ultrasound. Fatty Acid 

Binding protein 1 (FABP1) is tissue 

specific marker that can be used to 

diagnose NAFPD as per Nature 

(Furuhashi and Hotamisligil, 2018). 

     In the study of Nakamura et al. (2019), 

in T2DM, FABP4 had no significant 

correlation between FABP4 and BMI. 

     Lu et al. (2020) reported that in 

multiple logistic regression analysis after 

adjustments for age and sex, a high 

FABP1 level was associated with overt 

NAFLD. In addition, SBP, DBP, BMI, 

waist circumference, total cholesterol, 

TGs, HDL-cholesterol, LDL-cholesterol, 

GGT, AST, ALT, HOMA-IR, HbA1c, 

eGFR, and WBC count were significantly 

associated with the presence of overt 

NAFLD. 

     In the study of Wellen and Hotamisligil 

(2015), they revealed that adipocyte/ 

macrophage fatty acid binding proteins, 

aP2 and mal1, act at the interface of 

metabolic and inflammatory pathways. 

These fatty acid binding proteins are 

involved in the formation of 

atherosclerosis predominantly through the 

direct modification of macrophage 

cholesterol trafficking and inflammatory 

responses. In addition to atherosclerosis, 

these fatty acid binding proteins also exert 

a dramatic impact on obesity, insulin 

resistance; type 2 diabetes and fatty liver 

disease. The creation of pharmacological 

agents to modify fatty acid binding protein 

function will provide tissue or cell-type-

specific control of these lipid signaling 

pathways, inflammatory responses, 

atherosclerosis, and the other components 

of the metabolic syndrome, therefore 

offering a new class of multi-indication 

therapeutic agents. 

     In our study, the level of FABP1 was 

significantly higher in grade I, II and III 

more than grade 0 of pancreatic 

echogenicity. On the other hand, the level 

of FABP1 showed a significant increase in 

grade III liver echogenicity more than 

grade I and II. Also, grade I, II and III 
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showed significant increases in FABP 1 

more than grade I liver echogenicity. 

     By using FABP 1 as a predictor to 

pancreatic echogenicity, it was found that 

at cut off value 32.0 the sensitivity of 

FABP1 to diagnose pancreatic 

echogenicity was 86.0%, specificity was 

80.0% and total accuracy was 84.0%. By 

using FABP1 as a diagnostic marker in 

liver echogenicity at cut off value 31.0, 

the sensitivity was 81.0%, specificity was 

76.0% and total accuracy was 78.0%.  

     In agreement with our results, Lu et al. 

(2020), found that the patients with overt 

NAFLD (grade 2 or 3) had a significantly 

higher serum FABP1 level than those with 

grade 1 NAFLD and normal subjects. In 

addition, the patients with overt NAFLD 

had higher rates of hypertension, 

hyperlipidemia, CKD, angiotensin 

converting enzyme inhibitor and 

angiotensin II receptor blocker treatment, 

and stages 3 and 4 of CKD classes. 

     Serum FABP-1 levels were shown to 

decrease after remission period although 

the differences were not statistically 

significant. Fatty-acid trafficking in cells 

is a complex and dynamic process 

affecting many aspects of cellular 

function. Fatty acids function both as an 

energy source and signals for metabolic 

regulation, acting through enzymatic and 

transcriptional networks to modulate gene 

expression, growth and survival pathways, 

and inflammatory and metabolic 

responses. FABP-1 is known to bind 

polyunsaturated fatty acids and long-chain 

fatty acid peroxidation products (EK et al., 

2010). 

     Sztefko and Panek (2010) have 

suggested that high serum free fatty acid 

concentration may be involved in the 

development of complications in acute 

pancreatitis by binding polyunsaturated 

fatty acids; FABP-1 modulates the 

availability of these fatty acids to 

intracellular oxidative pathways. In 

addition to these well-known functions, 

studies have shown that FABP-1 plays a 

protective role in kidney injury. From a 

theoretical point, it was suggested that 

high levels of FABP-1 could protect 

against oxidative stress and inflammation 

in the pancreatic tissue (Kanaguchi et al., 

2011). 

CONCLUSION 

     FABP1 can be used a diagnostic 

biomarker for non-alcoholic fatty 

pancreatic disease. There was significant 

statistically difference between groups as 

regard to FABP 1, and positive significant 

correlation between FABP 1 and age & 

BMI while there is non-significant 

correlation between FABP 1 and female 

sex, systolic blood pressure (mmHg), 

diastolic blood pressure (mmHg), 

currently smoking, total cholesterol, 

triglycerides, HDL, LDL, GGT, AST, 

ALT, HbA1c and Leukocytes. 

REFERENCES 

1. Ahn JM, Paik YH and Min SY. 

(2016): Relationship between 

controlled attenuation parameter and 

hepatic steatosis as assessed by 

ultrasound in alcoholic or 

nonalcoholic fatty liver disease. Gut 

Liver, 10: 295–302. 

2. Al-Haddad M, Khashab M, 

Zyromski N, Pungpapong S, 

Wallace M and Scolapio J. (2018): 

Risk factors for hyperechogenic 

pancreas on endoscopic ultrasound: a 



 

 

AWADALLAH EL-SAYED et al., 

 

1632 

case-control study. Pancreas, 36(6): 

672-5.  

3. Della Corte C, Mosca A, Majo F, 

Lucidi V, Panera N, Giglioni E, 

Monti L, Stronati L, Alisi A and 

Nobili V. (2015): Nonalcoholic fatty 

pancreas disease and Nonalcoholic 

fatty liver disease: more than ectopic 

fat. Clin Endocrinol (Oxf)., 83: 656-

662. 

4. Ek BA, Cistola DP, Hamilton JA, 

Kaduce TL and Spector AA. 

(2010): Fatty acid binding proteins 

reduce 15-lipoxygenase-induced 

oxygenation of linoleic acid and 

arachidonic acid. Biochim Biophys 

Acta, 1346:75-85. 

5. Furuhashi M and Hotamisligil GS. 

(2018): Fatty acid-binding proteins: 

role in metabolic diseases and 

potential as drug targets. Nat Rev 

Drug Discov., 7: 489 – 503.  

6. Heber SD, Hetterich H, Lorbeer R, 

Bayer lC, Machann J and Auweter 

S. (2017): Pancreatic fat content by 

magnetic resonance imaging in 

subjects with prediabetes, diabetes, 

and controls from a general 

population without cardiovascular 

disease. PLoS ONE, 12(5): 177154-8.  

7. Kanaguchi Y, Suzuki Y, Osaki K, 

Sugaya T, Horikoshi S and Tomino 

Y. (2011): Protective effects of L-

type fatty acid-binding protein (L-

FABP) in proximal tubular cells 

against glomerular injury in anti-

GBM antibody-mediated 

glomerulonephritis. Nephrol Dial 

Transplant., 26: 3465 – 3473.  

8. Lee SE, Jang JY, Lim CS, Kang 

MJ, Kim SH, Kim MA and Kim 

SW. (2010): Measurement of 

pancreatic fat by magnetic resonance 

imaging: predicting the occurrence of 

pancreatic fistula after 

pancreatoduodenectomy. Ann Surg., 

251: 932-936. 

9. Lesmana CRA, Gani RA and 

Lesmana LA. (2018): Non‐alcoholic 

fatty pancreas disease as a risk factor 

for pancreatic cancer based on 

endoscopic ultrasound examination 

among pancreatic cancer patients: A 

single-center experience. JGH Open, 

2(1): 4–7. 

10. Lu YC, Chang CC, Wang CP, 

Hung WC, Tsai IT, Tang WH, Wu 

CC, Wei CT, Chung FM, Lee YJ 

and Hsu CC. (2020): Circulating 

fatty acid-binding protein 1 (FABP1) 

and nonalcoholic fatty liver disease in 

patients with type 2 diabetes mellitus. 

International Journal of Medical 

Sciences, 17(2): 182–190.  

11. Mathur A, Pitt HA, Marine M, 

Saxena R, Schmidt CM, Howard 

TJ, Nakeeb A, Zyromski NJ and 

Lillemoe KD. (2017): Fatty pancreas: 

a factor in postoperative pancreatic 

fistula. Ann Surg., 246: 1058-1064. 

12. Nakamura R, Okura T, Fujioka Y, 

Sumi K, Matsuzawa K, Izawa S 

and Yamamoto K. (2017): Serum 

fatty acid-binding protein 4 (FABP4) 

concentrations is associated with 

insulin resistance in peripheral 

tissues, A clinical study. PloS One, 

12(6): 179737-42. 

13. Nakamura R, Okura T, Fujioka Y, 

Sumi K, Matsuzawa K, Izawa S 

and Yamamoto K. (2019): 

Correction: Serum fatty acid-binding 



 

 

 ROLE OF FABP1 AS A DIAGNOSTIC BIOMARKER FOR NON-ALCOHOLIC… 

 

1633 

protein 4 (FABP4) concentration is 

associated with insulin resistance in 

peripheral tissues, A clinical study. 

PloS One, 14(1): 0210932-38. 

14. Pacifico L, Di Martino M, Anania 

C, Andreoli Gm, Bezzi M and 

Catalano C. (2015): Pancreatic fat 

and β-cell function in 

overweight/obese children with 

nonalcoholic fatty liver disease. 

World J Gastroenterol., 21(15): 4688-

4695.  

15. Shi J, Zhang Y, Gu W, Cui B and 

Xu M. (2012): Serum Liver Fatty 

Acid Binding Protein Levels 

Correlate Positively with Obesity and 

Insulin Resistance in Chinese Young 

Adults. PLOS One, 7(11): 48777-83.  

16. Smits MM and van Geenen EJ. 

(2011): The clinical significance of 

pancreatic steatosis. Nat Rev 

Gastroenterol Hepatol., 8(3):169-77. 

17. Sztefko K and Panek J. (2010): 

Serum free fatty acid concentration in 

patients with acute pancreatitis. 

Pancreatology, 1:230-6. 

18. Tariq H, Nayudu S, Akella S, 

Glandt M and Chilimuri S. (2016): 

Non-alcoholic fatty pancreatic 

disease: a review of literature. 

Gastroenterology Research, 9(6): 87-

93. 

19. Tirkes T, Jeon CY, Li L, Joon AY, 

Seltman TA, Sankar M and Territo 

PR. (2019): Association of pancreatic 

steatosis with chronic pancreatitis, 

obesity, and type 2 diabetes mellitus. 

Pancreas, 48(3): 420-426. 

20. Van der Zijl NJ, Goossens GH and 

Moors CC. (2011): Ectopic fat 

storage in the pancreas, liver, and 

abdominal fat depots: impact on beta-

cell function in individuals with 

impaired glucose metabolism. J Clin 

Endocrinol Metab., 96: 459–467. 

21. Wang CY, Ou HY, Chen MF, 

Chang TC and Chang CJ. (2014): 

Enigmatic ectopic fat: prevalence of 

nonalcoholic fatty pancreas disease 

and its associated factors in a Chinese 

population. J Am Heart Assoc., 

3:297–304.  

22. Wellen KE and Hotamisligil GS. 

(2015): Inflammation, stress, and 

diabetes. J. Clin. Invest., 115 (5): 

1111-1119.  

23. Wong VW, Wong GL, Yeung DK, 

Abrigo JM, Kong AP, Chan RS, 

Chim AM, Shen J, Ho CS, Woo J, 

Chu WC and Chan HL. (2014): 

Fatty pancreas, insulin resistance, and 

β-cell function: a population study 

using fat-water magnetic resonance 

imaging. Am J Gastroenterol., 109: 

589-597. 

24. Wu WC and Wang CY (2013): 

Association between non-alcoholic 

fatty pancreatic disease (NAFPD) and 

the metabolic syndrome: case-control 

retrospective study. Cardiovasc 

Diabetol., 12: 77-83. 



 

 

AWADALLAH EL-SAYED et al., 

 

1634 

كمؤشر بيولوجي   1دور البروتين المرتبط بالحمض الدهني 

 تشخيصي لمرض البنكرياس الدهني غير الكحولي 
اح  عوض الله السيد عوض الله, محمد محمد عامر عفيفي, عبد الله هنداوي الشحات, نج

 محمد ابو محمد

جامعة  ،ولوجيا الاكلينيكية*, كلية الطبقسمي الكبد والجهاز الهضمي والأمراض المعدية, الباث 

 الأزهر 

E-mail: dr.awadallah22awadallah@gmail.com  

س الاااادهني غياااار الكحااااولي هااااو البنكرياااااس الاااادهني لو كاااارض البنكريااااا خلفيةةةةة البحةةةة  

تسااامف ك ااارو لمااادهوك ياااي البنكريااااس بسااابد السااامنل ياااي كالااال  اااد  تنااااو  الكحاااو  بشاااكف 

كبياااار البنكرياااااس الاااادهني  وهااااو اكاشاااااا شااااا و بالموجااااا  يااااو  الصااااوتيل  وي يااااد كاااان 

اصاااادق البمااااد بالمبا ، وهناااااج كاجاااال  لاااا    كاااال رناااال كااااو البنكرياااااس ال بي ااااي  لي اااا 

ك مميااال يمكااان اهااااخداكحا كمؤشااار كياااوي بسااايط غيااار جراكاااي لممساااا د  ياااي الاشاااخي  

ا ، خاصااااال  ناااااد اهااااااخدا  الموجاااااا  ياااااو  ضاااااروري ا هضااااااياحا  لااااا  الاحبيباااااا   لكااااار 

هاااااو   كااااال خاصااااال  1  وباااااروتين رباااااط انكمااااااض الدهنيااااال الصاااااوتيل  مااااا  الاااااب ن

البنكريااااااس الااااادهني غيااااار الكحاااااولي باننساااااكل يمكااااان اهااااااخداكحا لاشاااااخي  كااااارض 

 .كسد ال بي ل

تحدياااد نسااابل كااادون كااارض البنكريااااس الااادهني غيااار الكحاااولي باااين  الهةةةدن مةةةث البحةةة  

، وتبيااااايت اطرتبااااااو ين باااااداص الساااااكري لو بدونااااا المصاااااريين البااااادناص وغيااااار المصااااااب

، والااااربط بااااين تاااانكا البنكرياااااس الاااادهني المحامااااف كااااو كاااارض السااااكري لو الساااامنل

غيااااار الكحاااااولي وتبيااااايت الاشاااااخي   ودور باااااروتين رباااااط انكمااااااض  وكااااارض الكباااااد 

 .يي المريض المصري المصاب بالسكري لو بدون  ييما يا مق بالسمنل 1الدهنيل 

ا تااااااراو   80ت ااااامنس دراهااااال جما يااااال كسااااااببميل  المرضةةةةةي ولةةةةةر  البحةةةةة   كري ااااا 

ا  ك ااااروا  لااااي ال ياااااد  الخارجياااال لبساااات الكبااااد والكحاااا 70-18ل مااااارهت بااااين  از  اكاااا 

 2020الح اااامي وانكااااراض الم دياااال بمساشاااا   جاك اااال انزهاااار  الباااااهر   كاااان يناااااير 

  ليااااارد 1ككمو اااااا  كاساااااايين  المكمو ااااال  4  وتااااات تبسااااايت  لااااا  2020 لااااا  ديسااااامبر 

ياما اااوك بصاااحل جياااد   مااا  كاااا يبااادو كاااو كؤشااار كامااال جسااات وبي اااي وغيااار كصااااب 
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وكرضاااا  السااااكر  ،انياااال  كرضااااي بمؤشاااار كاماااال جساااات وبي اااايبالسااااكري  والمكمو اااال ال 

  كرضااااي بمؤشاااار 3لو ي ااااانوك كاااان ضاااا م جموكااااوز الااااد  لعناااااص الصاااايا   والمكمو اااال 

ي بمؤشاااار كاماااال   كرضاااا4، غياااار كصااااابين بالسااااكري  والمكمو اااال 25كاماااال الكساااات يااااو  

، وكرضااااا  الساااااكر لو ضااااا م كسااااااوق الكموكاااااوز ياااااي الاااااد  لعنااااااص 25الكسااااات ياااااو  

 .الصيا 

يل باااااين المكمو اااااا  ييماااااا يا ماااااق توجاااااد يااااارو  حا  دطلااااال  كصاااااا  نتةةةةةابح البحةةةةة  

وق   ولظحااااار  نااااااا ا هاااااست الدراهااااال لك كساااااا1باااااابروتين رباااااط انكمااااااض الدهنيااااال 

كااااااك ل مااااا  بك يااااار ياااااي الصااااام انو  وال ااااااني  1باااااروتين رباااااط انكمااااااض الدهنيااااال 

وق ، لظحاااار كساااااكاااان صاااادق البنكرياااااس، كاااان ناكياااال لخاااارق 0 الاااا  كاااان الصاااام وال

 كمحوظااال ياااي صااادق الكباااد كااان الدرجااال ال ال ااال زيااااد  1باااروتين رباااط انكمااااض الدهنيااال 

، ويظحاااار كاااا  كاااان الصاااام انو  وال اااااني وال الاااا  لك اااار كاااان الدرجاااال انولاااا   وال اااااني

لك اااار كاااان صاااادق الكبااااد كاااان  1وتين ربااااط انكماااااض الدهنياااال زياااااد  كمحوظاااال يااااي باااار

كمؤشاااار لاولااااد الصاااادق  1ا  بااااروتين ربااااط انكماااااض الدهنياااال الدرجاااال انولاااا   باهاااااخد 

ل بااااروتين ، كانااااس كساهااااي0 32جااااد لناااا   نااااد البيماااال المب و اااال ، وقااااد ورياااااسيااااي البنك

، وكاناااااس النو يااااال ٪0 86لاشاااااخي  صااااادق البنكريااااااس  1رباااااط انكمااااااض الدهنيااااال 

ك  كااااال  1ا  باااااروتين رباااااط انكمااااااض الدهنيااااال ٪  باهااااااخد 0 84٪ والدقااااال الكميااااال 0 80

٪ 0 81اهاااايل ، وكانااااس الحس0 31الكبااااد  نااااد البيماااال المب و اااال  تشخيصاااايل يااااي صاااادق

 .٪0 78٪ والدقل الكميل 0 76والنو يل 

كمؤشااااار بيولاااااوجي  1يمكااااان  هااااااخدا  باااااروتين رباااااط انكمااااااض الدهنيااااال  الاسةةةةةتنتا  

 .تشخيصي لمرض البنكرياس الدهني غير الكحولي

، كاااارض البنكرياااااس الاااادهني غياااار 1بااااروتين ربااااط انكماااااض الدهنياااال  الكلمةةةةات الدالةةةةة 

  الكحولي


