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Original Research Article 

Pancreatic Fat Accumulation: A Link to Pre-diabetes and Diabetes Mellitus  

 

ABSTRACT 

Objective: The study focused on elucidating the presence of pancreatic steatosis in pre-

diabetes and diabetes mellitus along with investigating the correlation between pancreatic 

steatosis and metabolic parameters. 

Methods: This research involved 314 patients who sought treatment at internal medicine 

outpatient and inpatient clinics from April 2022 to May 2023. Patients who underwent non-

enhanced abdominal computed tomography for any reason were included in the study. The 

patients were categorized into three groups: healthy controls(n=103), diabetes 

individuals(n=109), and prediabetes individuals(n=102). 

Results: The study aimed to explore the relationship between pancreatic steatosis and 

metabolic parameters. The findings revealed that HDL level, albumin, and glomerular 

filtration rate (GFR) showed a positive correlation with pancreatic density, indicating a lower 

degree of steatosis in the pancreatic tissue. Conversely, patients with higher levels of HbA1c, 

uric acid, blood glucose levels, body mass index, INR exhibited a higher degree of pancreatic 

steatosis. 

Furthermore, the research identified the presence of pancreatic steatosis in prediabetes 

patients. There was no significant difference in pancreatic steatosis between prediabetes and 

diabetes patients, suggesting that their pancreatic densities were statistically similar(p=0,08). 

Conclusion: Our study investigated pancreatic steatosis in diabetes and pre-diabetes patients, 

and its relationship with metabolic parameters.The findings suggest that pancreatic steatosis is 

also present in the prediabetes phase and it has a correlation with metabolic parameters seen 

in diabetes process. 
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Introduction  

Type 2 diabetes mellitus is characterized by a gradual decline in pancreatic beta cells, 

resulting in hyperglycemia. Currently, diabetes mellitus is regarded as equivalent to 
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cardiovascular disease. However, the precise cause of beta cell loss in type 2 diabetes mellitus 

remains elusive. The primary mechanism contributing to the observed insulin resistance in 

type 2 diabetes mellitus is believed to be a reduction in insulin secretion from pancreatic beta 

cells. This damage to beta cells is hypothesized to stem from metabolic stress and 

inflammation(1, 2). 

Prediabetes is acknowledged as an intermediate phase between normal blood glucose levels 

and the elevated glucose levels observed in type 2 diabetes mellitus. In this stage, individuals 

may demonstrate impaired fasting blood glucose and/or impaired glucose tolerance. 

Pancreatic steatosis refers to the accumulation of fat in pancreatic tissue, leading to the 

replacement of the normal pancreas parenchyma(3). This condition can be induced by various 

factors, including viral infections, pancreatitis, neoplasms, diabetes mellitus, aging, and 

hypercholesterolemia(4). Nevertheless, the association between pancreatic steatosis and the 

pathophysiological mechanisms of diabetes mellitus, as well as its influence on the 

progression of diabetes mellitus, remains unclear(5).There is a scarcity of studies examining 

the connection between prediabetes, diabetes, and pancreatic steatosis. Some researchers 

propose that insulin resistance is an outcome of a fatty pancreas, while others maintain 

opposing views(6). 

The objective of the mentioned study is to investigate the correlation between a fatty pancreas 

and metabolic parameters. Through an exploration of the relationship between pancreatic 

steatosis and pancreatic tissue damage, we aim to gain insights into its role in the 

development of diabetes mellitus. 

Materials and Methods 

This is a cross-sectional retrospective research study. The data of patients admitted to internal 

medicine outpatient and inpatient clinics between April 2022 and May 2023 were collected 

from the databases. The study comprised three groups: the control group included patients 

with fasting blood glucose levels below 100 mg/dl, the prediabetes group included patients 

with fasting blood glucose levels between 100-126 mg/dl, and the diabetes group included 

patients with blood glucose levels >126 mg/dl. 

For all groups, patients who had undergone abdominal non-enhanced computed tomography 

for any reason were included in the research. A total of 314 participants (195 male, 119 



 

3 
 

female), aged 18 years and older, were included in our project. Participants were selected 

randomly based on their admission date. 

Patients meeting the following criteria were excluded from the study: age <18 or >80 years 

old, nephrotic-level proteinuria, intake of antioxidant and vitamin supplements, chronic 

kidney disease stage ≥3, pancreas neoplasm (primary or metastatic), history of pancreatitis, 

and history of pancreas surgery. 

This study received approval from the local ethics committee and various demographic data 

and laboratory parameters of the patients were retrospectively collected and examined from 

available medical records and the hospital database system. Demographic data included age, 

sex, BMI (body mass index), alcohol consumption, and cigarette history. The collected and 

analysed laboratory parameters comprised GFR (glomerular filtration rate), creatinine, alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase 

(GGT), alkaline phosphatase (ALP), INR (international normalized ratio), HbA1c (glycated 

hemoglobin), complete blood count, uric acid, bilirubin levels, total lipid profile, fasting blood 

glucose levels, and post-OGTT (oral glucose tolerance test) levels. Additionally, serum 

albumin levels were also considered.Obesity was defined as having a BMI equal to or greater 

than 30.  

In the study, radiologic images were retrieved from a database, and these images were 

acquired using 128-sliced tomography (GE Healthcare, Chicago, USA). Contrast-enhanced 

tomography images were excluded from the study. The abdominal computed images were 

subsequently scrutinized by two different radiology specialists simultaneously. These 

specialists were blinded to the medical status of the subjects to maintain objectivity.The 

findings of their examination were recorded and demonstrated agreement. 

The densities of the liver, pancreas, and spleen parenchyma were quantified in Hounsfield 

Units (HU) utilizing a 0.5 cm² elliptical region of interest (ROI). Liver density measurements 

involved separate assessments of the right lobe, left lobe, and caudate lobe. In the case of 

spleen density calculations, the upper, middle, and lower parts were examined, and the mean 

of these measurements was recorded. This meticulous approach to image analysis ensured 

precise and dependable assessment of the radiologic data in the study. 

Statistical analysis 
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All statistical analyses were conducted using SPSS software, version 21.0 (SPSS, Inc., 

Chicago, IL, USA). Normally distributed continuous variables were presented as means ± 

standard deviation (SD). For continuous variables that did not follow a normal distribution, 

the comparison between groups was performed using the Kruskal-Wallis test. The Student's t-

test was employed to assess differences between the pancreatic steatosis and non-pancreatic 

steatosis groups. Binary logistic regression was used to evaluate independent risk factors 

associated with pancreatic steatosis. The relationship between pancreatic steatosis and 

metabolic parameters was determined using the chi-square test. A p-value of less than 0.05 

was considered statistically significant. 

Results 

The average ages of the control, prediabetes, and diabetes groups were 50.2 ± 17.4, 57.6 ± 

13.3, and 61.3 ± 11.7 years, respectively. The diabetes group was significantly older than the 

other groups (p < 0.01). The mean weight was 72.2 kg in the control group, 77.9 kg in the 

prediabetes group, and 81.8 kg in the diabetes group. Both prediabetes and diabetes patients 

had a higher weight compared to the control group (p < 0.01). There were no significant 

differences in alcohol consumption and smoking status among the three groups. Detailed 

clinical data of the patients are presented in Table 1. 

In terms of laboratory findings, the diabetes group exhibited elevated creatinine levels (1.65 ± 

1.28 mg/dl) in comparison to the control (0.97 ± 0.42 mg/dl) and prediabetes (0.98 ± 0.36 

mg/dl) groups (p < 0.05). Urea and uric acid levels were also higher in the diabetes group (p < 

0.05). Fasting blood glucose and 2-hour postprandial glucose levels were significantly 

elevated in the diabetes group (p < 0.05). GFR levels were lower in the diabetes and 

prediabetes groups compared to the control group (p < 0.05). Detailed biochemical results of 

the patients are presented in Table 2. 

Pancreatic fat accumulation was observed to be higher in the pancreatic head and lower in the 

pancreatic tail region. Pancreatic tissue density decreased, and pancreatic fat deposition 

increased in the diabetes group across all parts of the pancreas (p < 0.001). The measurements 

of pancreas densities in Hounsfield Units (HU) are presented in Table 3. 

To investigate the effects of clinical variables on pancreatic fat accumulation, logistic 

regression analysis was conducted. The data were analysed in subgroups, such as pancreatic 

head fat accumulation and pancreatic body and tail fat group (N=314). It was determined that 

BMI > 30, HDL level < 60 mg/dl, uric acid level > 7 mg/dl, albumin < 3.4 g/dl, GFR < 89 
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ml/dl/1.73m², and HbA1c (refer to Figure 1) were statistically associated with pancreatic 

steatosis (p < 0.05).  

Discussion 

The nature and clinical implications of pancreatic steatosis, or pancreatic fat accumulation, 

continue to be a subject of debate. Some studies suggest that pancreatic steatosis may lead to 

inflammation of the pancreas and degeneration of acinar cells(7). Additionally, it has been 

suggested that fat in the pancreas may function as an endocrine organ, secreting 

adipocytokines that promote macrophage infiltration(8). While previous research has linked 

pancreatic steatosis with diabetes, age, and obesity, few studies have delved into the 

relationship between prediabetes and diabetes specifically with pancreatic steatosis(9). 

Nevertheless, this topic is gaining more attention over time. For instance, a study by van der 

Zijl et al. in 2011 found that pancreatic steatosis correlated with fasting blood glucose levels 

but not with postprandial glucose levels(8). In contrast, our study revealed that pancreatic 

steatosis was associated with both fasting and postprandial glucose levels, as well as HbA1c 

levels. We hypothesized that pancreatic steatosis may contribute to damage in pancreatic 

acinar cells, resulting in reduced insulin secretion, impaired glucose utilization by cells, and 

subsequently elevated blood glucose levels. 

Recent studies have established a connection between pancreatic steatosis and metabolic 

syndrome, as well as obesity(10, 11). Some research studies have suggested that weight loss 

and drug therapy may contribute to the reversal of pancreatic steatosis. For instance, a meta-

analysis revealed that the normal pancreatic fat percentage was 6.2%, while the prevalence of 

pancreatic steatosis was 33% in another study involving 12,000 subjects. This meta-analysis 

also demonstrated that pancreatic steatosis was not significantly correlated with age, gender, 

or BMI, but it was associated with hypertension, type 2 diabetes, and metabolic 

syndrome(12).  

Our study, mirroring comparable obesity levels in the American population, produced results 

consistent with those of American studies. For instance, Volk et al. demonstrated a significant 

increase in the pancreatic fat ratio from 9% in non-obese patients to 17% in obese 

patients(13). 

The relationship between alcohol consumption and steatopancreatitis is not entirely clear. 

Some studies have suggested that higher alcohol consumption is associated with increased 
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pancreatic fat content(14). However, in our study, alcohol consumption did not show a 

statistically significant impact on pancreatic steatosis. 

The relationship between dyslipidemia and steatopancreatitis is complex. While some studies 

have indicated a correlation between pancreatic steatosis and elevated triglyceride levels, our 

study did not reveal such a relationship(15). 

Another intriguing finding in our study was the correlation between HDL levels and 

pancreatic fat accumulation. Higher HDL levels were associated with lower pancreatic fat 

accumulation. Previous studies have suggested that HDL may modulate glucose metabolism 

and play a role in regulating insulin secretion(16, 17). Our results are consistent with a 

Chinese study that proposed the triglyceride/HDL-C ratio as a robust predictor of insulin 

resistance(15). 

Hyperuricemia, known to be associated with obesity, metabolic syndrome, and type 2 

diabetes, has also been linked to hepatic steatosis(18). In recent publications, hyperuricemia 

has been identified as an independent risk factor for insulin resistance and elevated levels of 

atherogenic lipids(19). Our study also demonstrated an increase in uric acid levels in both 

prediabetes and diabetes groups, which correlated with pancreatic steatosis. 

Comparing the prediabetes group to the control group, we observed statistically significant fat 

accumulation in all parts of the pancreas. However, when analysing pancreatic steatosis 

between the prediabetes and diabetes groups, statistical significance was only observed in the 

pancreatic head and tail. This suggests that pancreatic steatosis may not solely initiate with 

diabetes but also exists at prediabetes stages. The presence of pancreatic steatosis in the 

prediabetes phase may be indicative of its potential role in diabetes. 

Conclusion 

Our study investigated pancreatic steatosis and its relationship with metabolic parameters in a 

case population. The findings suggest that pancreatic steatosis is also present in the 

prediabetes phase, implying that fat accumulation in the pancreas may contribute to the 

diabetes process and impaired metabolic parameters. However, our study has several 

limitations, including its retrospective design, the absence of oral glucose tolerance tests in the 

control group, and the use of computed non-contrast-enhanced tomography instead of 

magnetic resonance imaging for pancreatic steatosis assessment. Additionally, the 

predominance of males in the study population may have influenced the results. Further 



 

7 
 

research is needed to elucidate the causal relationship between pancreatic steatosis and 

diabetes mellitus and to explore potential therapeutic interventions targeting this mechanism. 
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Table 1: Clinical and Demographic findings of study population 

Variables 
Control 

(n=103) 

Prediabetes 

(n=102) 

Diabetes 

(n=109) 

p 

value 

Age 

(year) 
50.2±17.4 57.6±13.3 61.3±11.7 0.001 

Sex 

(M/F) 
65/38 62/47 68/34 0.33 

BMI 

(kg/m
2
) 

23,98 26,95 28,44 0.001 

Smoking 

status 
56 54 51 0.74 

Alcohol 24 23 25 0.83 

 

Table 2: Laboratory findings of study population 

Variables 
Control 

(n=103) 

Prediabetes 

(n=102) 

Diabetes 

(n=109) 

p 

value 

Urea 

(mg/dl) 
40.3±21.5 40.4±18.4 67.5±46.7 0.001 

Total 

bilirubin 

(mg/dl) 

0.77±0.56 0.61±0.31 0.61±0.50 0.02 
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Creatinine 

(mg/dl) 
0.97±0.42 0.98±0.36 1.65±1.28 0.001 

Fasting 

blood 

glucose 

(mg/dl) 

83.8±7.9 106.1±8.57 157.9±39.8 0.001 

Postprandial 

blood 

glucose 

(mg/dl) 

105.04±14.2 143.5±22.9 220.3±76.09 0.001 

HbA1c % 5.10±0.35 6.19±0.2 8.04±1.63 0.001 

ALT (u/lt) 23.34±13.6 23.5±14.6 23.9±18.4 0.96 

AST (u/lt) 24.9±25.03 24.8±19.1 34.1±60.7 0.14 

GGT (u/lt) 41.7±64.4 34.8±36.4 62.08±70.6 0.003 

ALP (u/lt) 95.7±47.9 93.3±43.3 114.9±70.9 0.009 

Hemoglobin 

(g/dl) 
12.8±2.48 12.9±1.84 12.05±2.3 0.01 

Direct 

bilirubin 

(mg/dl) 

0.27±0.28 0.21±0.22 0.22±0.38 0.39 

GFR 

(ml/min) 
91.25±27.48 82.4±24.1 60.2±32.3 0.001 

Uric acid 

(mg/dl) 
5.75±1.97 5.6±1.64 6.7±2.36 0.001 

INR  1.09±0.18 1.09±0.27 1.25±0.75 0.017 

Albumin 

(g/dl) 
4.19±0.71 4.16±0.57 3.9±0.74 0.01 

HDL 

(mg/dl) 
46.2±16.1 42.03±11.3 38.8±11.4 0.001 

Triglyceride 

(mg/dl) 
115.4±41.6 142.02±60.9 192.4±123.6 0.001 

LDL 

(mg/dl) 
93.2±25.5 105.0±34.08 106.4±35.1 0.005 
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Total 

cholesterol 

(mg/dl) 

159.6±34.8 172.59±44.4 178.6±46.3 0.005 

Abbreviations: ALT: alanine transaminase, AST: aspartate transaminase, GGT: gamma-glutamyl transferase, 

ALP: alkaline phosphatase, GFR: glomerular filtration rate, INR: international normalized ratio, HDL: high 

density lipoprotein, LDL: low density lipoprotein 

Table 3: Measurement of pancreas and spleen densities in Hounsfield unit 

 Variables 
Control 

(n=103) 

Prediabetes 

(n=102) 

Diabetes 

(n=109) 

p 

value 

Spleen 50.6±5.04 49.4±4.76 48.7±4.96 0.024 

Pancreatic 

Head 
42.6±9.61 39.1±11.2 37.3±10.26 0.001 

Pancreatic 

body 
43.87±9.03 39.69±10.08 38.5±8.69 0.001 

Pancreatic 

tail 
44.0±8.80 40.7±9.27 39.1±8.58 0.001 

 

 

Figure 1: The relationship between pancreatic head density and HbA1c level 

 

 

Ethics Committee Approval: This study was approved by the local ethics committee. (Date: 
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Sources of the tables and figures:They are self-made. 
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