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Pancreatic and Hepatic Steatosis in Women 
with Type 2 Diabetes after Pancreatitis: 
A Retrospective Cross-Sectional Study

ABSTRACT
Objective: This study aimed to compare the incidence 
of pancreatic steatosis and hepatic steatosis between 
patients with/without diabetes suffering from pan-
creatitis. 
Materials and methods: 120 patients between the 
ages of 18 and 65 years who were hospitalized with 
pancreatitis were included in the study. The patients 
were divided into 2 groups: patients with diabetes 
with pancreatitis (n = 60, Group 1) and patients 
without diabetes with pancreatitis (n = 60, Group 2). 
Biochemical blood tests of the patients were analyzed. 
HU attenuation measurement results on pancreatic 
abdominal computed tomography (CT) were evalu-
ated retrospectively. The pancreatic-hepatic steatosis 

status of the patients was recorded. All parameters 
were compared between the 2 groups.
Results: The study was conducted on a total of 120 
female patients with pancreatitis. The average age of 
the patients was 52.3 years, the mean body mass index 
(BMI) was 27.3 kg/m2, the mean HbA1c was 7.4%, and 
the mean diabetes duration was 4.6 years. The inci-
dence of pancreatic steatosis was found to be statisti-
cally significantly higher in Group 1 (p < 0.05). While 
35.0% (n = 21) of pancreatic steatosis was detected 
in Group 2, 56.7% (n = 34) of Group 1 were found to 
have pancreatic steatosis. The mean Hounsfield unit 
(HU) attenuation differences in the pancreas, corpus, 
and tail in Group 1 and Group 2 were determined to 
be statistically significant. (p = 0.030, 0.25, and 0.18, 
respectively). In the correlation analysis, a statistically 
significant and weak relationship was found between 
HbA1c and tail and pancreas/spleen values (p < 0.05). It 
was determined that there was a statistically significant 
and weak relationship between glucose and corpus, 
tail, pancreas, and pancreas/spleen values (p < 0.05). 
Conclusions: In our study, pancreatic steatosis was 
found to be more common in Group 1. However, no 
significant difference was detected between Group 1 
and Group 2 in terms of hepatosteatosis. (Clin Diabetol 
2024; 13, 5: 254–259)
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Introduction 
Pancreatitis is an inflammatory condition of the 

pancreas caused by an increase in activated proteo-
lytic enzymes released from pancreatic cells under the 
influence of various stimuli [1]. Although its incidence 
is unknown, the incidence of acute pancreatitis is 
5-35/100,000 [2]. Alcohol and gallstones are the 2 most 
common etiological causes of pancreatitis. Septicemia, 
septic shock, and multiorgan failure are the most com-
mon complications [3].

Pancreatic steatosis has been defined as a histo-
pathological condition that occurs when fat cells ac-
cumulate in the pancreatic tissue. Pancreatic steatosis 
was first described in 1933. Pancreatic steatosis has 
been found to play a role in the etiology of type 2 dia-
betes (T2D), metabolic syndrome, pancreatic cancer, 
and severe acute pancreatitis [4] 

Hepatosteatosis is defined as more than 5% of 
the liver weight being made up of fat. The etiology 
of hepatosteatosis includes insulin resistance, obesity, 
diabetes mellitus, hyperlipidemia, environmental risk 
factors, and drugs [5].

The frequency of both pancreasteatosis and hepa-
tosteatosis is increased in diabetic patients compared 
to nondiabetics [5]. There are insufficient data in 
the literature to determine whether pancreatic and 
hepatic steatosis accompany diabetic patients with 
pancreatitis.

This study aimed to compare the incidence of pan-
creatic steatosis and hepatosteatosis between patients 
with diabetes and patients without diabetes suffering 
from acute pancreatitis.

Materials and methods
Study design and participants

The present study was designed as a retrospective 
cross-sectional study. The study enrolled 120 female 
patients according to statistical power analysis. We 
calculated the power analysis as follows: the minimum 
number of patients required to complete our study, 
which was calculated using the descriptive statistics 
with a confidence level of 95% (α = 0.05) and a power 
of 80%, was 120 patients. According to the admission 
order, female patients who were admitted to our inter-
nal medicine outpatient clinic of the University of Health 
Sciences Umraniye Education and Research Hospital in 
Türkiye were included in the study. 

Inclusion criteria 
In total, 120 patients (60 with diabetes with 

pancreatitis — Group 1; 60 without diabetes with 
pancreatitis — Group 2) who were hospitalized due 

to pancreatitis at the University of Health Sciences 
Umraniye Education and Research Hospital internal 
medicine clinic between 01/03/2021 and 01/03/2022, 
were included in the study. Patients between 18 and 
65 years of age diagnosed with acute pancreatitis 
without acute diabetic complications within the last 
3 months, and with normal kidney and liver function 
tests, were included in the study. The patients below 
18 years and over 65 years of age, as well as those 
with acute or chronic infection, neurological disease, 
history of major surgery, use of drugs associated with 
pancreatitis, patients with liver cirrhosis, pancreatic 
tumor, and patients who had undergone pancreatic 
surgery for any reason were excluded from the study. 
The demographics, laboratory parameters, and ab-
dominal computed tomography (CT) of the patients 
were evaluated retrospectively. 

Ethical approval
The study was designed in accordance with the 

principles enshrined in the Declaration of Helsinki. 
Ethics committee approval numbered 28 and dated 
10.03.2022 was received for the study from the Uni-
versity of Health Sciences Umraniye Education and 
Research Hospital Ethics Committee.

Data collection
Metabolic parameters

Plasma glucose (70–100 mg/dL) enzymatic test, 
glycated hemoglobin (4,7–5,6%), HPLC, creatinine 
(< 1 mg/dL) Jaffe’ method, CRP (< 3 mg/L) immuno-
assay, total cholesterol (< 200 mg/dL), high-density 
lipoprotein (HDL) (40–60 mg/dL), low-density lipopro-
tein (LDL) (< 130 mg/dL), calcium (8.5–1.03 mg/dL), 
phosphorus (2.8–4.5 mg/dL), alanine transaminase 
(10–40 U/L), aspartate transaminase (15–50 IU/L), 
gamma glutamyl transferase (7-49 U/L), alkaline phos-
phatase (38–155 U/L), amylase (17–115 U/L), lipase 
(13–60 U/L), albumin (3.5–5.5 g/dL), and triglyceride 
(< 150 mg/dL) concentrations were measured using 
enzymatic colorimetric test, bilirubin (0.3–1.9 mg/dL) 
diazo reaction, blood urea nitrogen (10–20 mg/dL) us-
ing a spectrophotometer, and sodium (135–145 mEq/L) 
and potassium (3.5–5.5 mmol/L) levels using an ion 
selective electrode analysis method (ARCHITECT plus 
Abbott, Illinois, U.S.A.). Hemogram parameters were 
measured by electrical impedance method with Mind-
ray BC 6800 device, Shenzhen, China.

The patient group suffering from pancreatitis was 
considered as patients who met at least 2 of the criteria 
of abdominal pain, pancreatic enzyme elevation, and 
imaging findings [2].
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Results
Subject characteristics

The study was conducted on a total of 120 pa-
tients, 60 patients with diabetes with pancreatitis and 
60 patients without diabetes with pancreatitis. The age 
average of the patients was 52.3 ± 8.1 (18–65) years, 
the mean BMI was 27.3 kg/m2, the mean HbA1c was 
7.4%, and the mean diabetes duration was 4.6 years. 
General characteristics and biochemical parameters of 
the study groups are shown in Table 1. 

Comparison of CT attenuation measurements 
of patients with diabetes and patients  
without diabetes

The degree of steatosis between the liver, pancreas, 
and spleen was measured by abdominal CT examina-
tion of the study patients (Tab. 2). It was determined 
that the mean HU values of pancreas, corpus, and tail 
were significantly decreased in Group 1 and Group 2. 

Comparison of patients in terms  
of hepatosteatosis

It was determined that there was no statistically 
significant difference between Group 1 and Group 2 
in terms of hepatosteatosis: 76.7% of Group 2 and 
85.5% of Group 1. A statistically significant difference 
was found between the groups in terms of pancreatic 
steatosis (p = 0.017). The incidence of pancreatic stea-
tosis was higher in Group 1: 35.0% of Group 2 and 
56.7% of Group 1.

Correlation analysis between laboratory  
parameters and CT measurement

As a result of the Spearman correlation analysis 
performed to determine the relationship between labo-
ratory and CT measurement data, it was determined 
that there was a statistically significant, negative, and 
weak relationship between HbA1c and tail and pan-
creas/spleen ratio values (p < 0.05). It was determined 
that there was a statistically significant, negative and 
weak relationship between glucose and corpus, tail, 
pancreas, and pancreas/spleen ratio values (p < 0,05). 

Creatinine, potassium, CRP, LDH, pancreatic head, 
corpus, tail, pancreas, and spleen variables, which are 
among the variables that have a significant effect on 
the status of hepatosteatosis, were evaluated with 
backward logistic regression analysis.

Among the variables that have a significant effect 
on the state of pancreatic steatosis, HbA1c, glucose, 
total cholesterol, LDL, total bilirubin, pancreatic head, 
corpus, tail, and pancreas variables were evaluated with 
backward logistic regression analysis. 

Group 1 was determined as those who met the 
diagnostic criteria for diabetes American Diabetes 
Association criteria, and Group 2 was determined as 
those who did not meet the diagnostic criteria for 
diabetes [6]. 

Radiological evaluation
All patients who were hospitalized due to pan-

creatitis and included in the study had an upper ab-
dominal CT examination. Measurements were made 
by a single radiologist. In the radiological evaluation 
of the abdominal CT scans of the patients, it was ex-
amined whether the patients had hepatosteatosis and 
pancreatic steatosis. Steatosis causes decreased density 
in the relevant organ on CT. The steatosis level can be 
measured on CT. Quantitative density measurements 
were obtained from the spleen (for reference), liver, 
and pancreas for the diagnosis of hepatosteatosis and 
pancreatic steatosis. The level of steatosis can be deter-
mined using Hounsfield units (HU). However, because 
there is no designated HU cut-off value for pancreatic 
steatosis, a negative HU value was used according to 
the spleen parenchyma by establishing a correlation 
with the spleen. Measurements were made in 5 seg-
ments in the liver, in areas free of vascular structure, 
bile ducts, calcification, and artifacts, and the average 
value was calculated. Care was taken to ensure that 
there were no vascular structures or artifacts in the ar-
eas where measurement would be made in the spleen 
and pancreas. For standardization, the average liver/
spleen density value ratio was used for the diagnosis 
of hepatosteatosis, and the average pancreas/spleen 
density value ratio was used for pancreatic steatosis. 
Patients with a liver/spleen density ratio < 1 were di-
agnosed with hepatosteatosis [7]. For the definition of 
pancreatic steatosis, the pancreas/spleen density value 
ratio was accepted as < 0.7 [4].

Statistical analysis
The data were analyzed using the SPSS 25.0 pack-

age program. The Kolmogorov-Smirnov test was used 
to check whether the data were normally distributed. 
While evaluating the study data, descriptive statistical 
methods (mean, standard deviation, frequency) as well 
as t-test and one-way ANOVA test for parametric data, 
and chi-square, Mann-Whitney U, and Kruskal-Wallis H 
test for non-parametric data were used. The Friedman 
test was used to compare the follow-ups of parameters 
that did not show a normal distribution, and the Wil-
coxon signed rank test was used to evaluate pairwise 
comparisons. Significance was accepted as a p value of 
0.05 for all values.
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It was seen that glucose and pancreatic tail vari-
ables, which are among the risk factors that have 
an impact on the state of pancreatic steatosis, form 
a significant model. The explanatory coefficient of the 
model is 24.6%. According to the model, glucose in-
creases the risk of pancreatic steatosis by 1.009 times 
(95% CI: 1.001–1.018). 

Discussion
The present study showed that the frequency of 

pancreatic steatosis in Group 1 was higher than in 
Group 2, but there was no difference in the frequency 
of hepatosteatosis. Pancreatic steatosis ranges from 
simple fat storage and inflammation to the devel-
opment of pancreatic fibrosis [8]. Diabetes plays an 
independent role in the progression of visceral fat ac-
cumulation and pancreatic steatosis [9]. Studies have 

reported that pancreatic steatosis is associated with 
obesity, insulin resistance, pre-diabetes, diabetes, and 
metabolic syndrome, and that obesity and insulin re-
sistance play an important role in adipocyte infiltration 
in the steatosis of the liver and pancreas [10]. 

Loss of β cell mass and function, which leads to the 
development of diabetes, contributes to the steatosis 
of the pancreas through triglyceride accumulation [11]. 
Wu et al. suggested that pancreatic steatosis is strongly 
associated with metabolic parameters such as abdomi-
nal obesity, glucose, and HbA1c [12]. In our study, the 
average glucose and HbA1c levels of Group 1 were 
found to be higher than those of Group 2. Pancreatic 
steatosis was found to be higher in Group 1 than in 
Group 2. In addition, the average total cholesterol, LDL, 
triglyceride, and CRP levels of Group 1 were found to 
be higher than those of Group 2.

Table 1. Comparison of Laboratory Values of Patients with Diabetes and Patients without Diabetes

  Patients without 

diabetes group

Patients with diabe-

tes group

Total  

Z

 

p-value
  Mean ± SD Mean ± SD Mean ± SD

Age [years] 51.9 ± 6.9 52.9 ± 5.8 52.3 ± 6.2 –0.515 0.658

Height [cm] 166 ± 16.1 166 ± 14.1 166 ± 14.3 –0.582 0.521

Weight [kg] 76 ± 4.9 78 ± 5.1 77 ± 4.2 –0.669 0.109

BMI [kg/m2] 26.7 ± 3.8 27.9 ± 3.0 27.3 ± 2.5 –1.140 0.818

Diabetes duration [years] 0 4.6 ± 2 4.6 ± 2 –9.446 0

HbA1c (4.7–5.6%) 5.16 ± 0.29 9.7 ± 1.62 7.43 ± 2.56 –9.457 0

Glucose (70–100 mg/dL) 92.18 ± 8.86 219.45 ± 71.51 155.82 ± 81.6 –9.422 0

Urea (5–11 mg/dL) 26.35 ± 7.17 29.9 ± 14.06 28.12 ± 11.25 –1.405 0.16

Creatinine (< 1 mg/dL) 0.69 ± 0.11 0.69 ± 0.2 0.69 ± 0.16 –0.202 0.84

Aspartate Aminotransferase (15–50 IU/L) 105.87 ± 120.63 101.75 ± 131.65 103.81 ± 125.75 –0.501 0.616

Alanine Aminotransferase (10–40 U/L) 127.72 ± 141.44 114.1 ± 161.41 120.91 ± 151.26 –0.281 0.779

Alkaline phosphatase (38–155 U/L) 132.87 ± 106.05 139.37 ± 104.02 136.09 ± 104.65 –0.404 0.686

Gamma glutamyl transferase (7–49 U/L) 210.98 ± 226.38 183.62 ± 231.38 197.18 ± 228.36 –0.478 0.632

Amylase (17–115 U/L) 1085.73 ± 965.95 1041.93 ± 892.8 1063.83 ± 926.44 –0.016 0.987

Lipase (13–60 U/L) 2861.7 ± 3495.21 2973.7 ± 4011.85 2917.7 ± 3746.99 –0.294 0.769

Total Cholesterol (< 200 mg/dL) 172.13 ± 53.04 197.33 ± 76.55 184.73 ± 66.78 –1.979 0.048*

LDL Cholesterol (< 130 mg/dL) 106.13 ± 57.46 139.6 ± 91.43 122.87 ± 77.87 –2.945 0.003*

Triglyceride (< 150 mg/dL) 132.55 ± 98.81 197.5 ± 206.87 165.03 ± 164.69 –2.261 0.024*

HDL cholesterol (40–60 mg/dL) 44.82 ± 12.46 42.22 ± 13.46 43.52 ± 12.98 –0.827 0.408

Sodium (135–145 mEq/L) 139.37 ± 1.83 139.27 ± 1.72 139.32 ± 1.77 –0.471 0.637

Potassium (3.5–5.5 mmol/L) 4.5 ± 0.5 4.38 ± 0.52 4.44 ± 0.51 –1.251 0.211

Calcium (8.5–1.03 mg/dL) 9.21 ± 0.79 9.11 ± 0.78 9.16 ± 0.78 –0.558 0.577

C-reactive protein (< 3 mg/l) 31.8 ± 30.93 22.65 ± 27.86 27.22 ± 29.67 –2.437 0.015*

Lactate Dehydrogenase (90–250 U/L) 281.03 ± 121.08 296.62 ± 203.35 288.83 ± 166.83 –0.286 0.775

Total bilirubin (0.3–1.9 mg/dL) 1.47 ± 1.57 1.39 ± 1.24 1.43 ± 1.41 –0.247 0.805

Direct bilirubin (0–0.3 mg/dL) 0.87 ± 1.35 0.79 ± 0.91 0.83 ± 1.15 –0.165 0.869

*p-value < 0.05; Mann-Whitney U Test
BMI — body mass index; HbA1c — hemoglobin A1c; HDL — high-density lipoprotein cholesterol; LDL — low-density lipoprotein cholesterol
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Computed tomography is an easily applicable 
method to evaluate pancreatic steatosis [13]. Studies 
have shown that the HU value in pancreatic steatosis on 
CT is similar to that of normal adipose tissue [14–16]. 
Pancreatic steatosis was detected radiologically as 
a decrease in CT attenuation and a negative HU scale 
between the pancreas and spleen [17]. In the study 
conducted by Tushuizen et al. [18], the rate of patients 
with pancreatic steatosis was found to be statistically 
higher in patients with diabetes than in patients with-
out diabetes group. In our study, pancreatic attenuation 
between the pancreas and spleen and a decrease in 
negative HU value were found to be important findings 
in terms of pancreatic steatosis. It was determined that 
the mean HU values of the pancreas, corpus, and tail 
were significantly decreased in Group 1.

In our study, pancreatic steatosis was found to be 
higher in Group 1 than in Group 2. However, no dif-
ference was detected in terms of hepatosteatosis be-
tween the 2 groups. In another study, it was observed 
that pancreatic and liver attenuation was negatively 
correlated with glucose and HbA1c levels [18]. In the 
present study, hepatosteatosis was not found to be 
statistically different in Group 1. In our study, it was 
determined that there was a statistically significant 
and weak relationship between HbA1c and tail and 
pancreas/spleen ratio values. It was determined that 
there was a statistically significant and weak relation-
ship between glucose and corpus, tail, pancreas, and 
pancreas/spleen ratio values.

Pancreatic and liver fat are closely related to obe-
sity, metabolic syndrome, and diabetes. [19]. In our 
study, pancreatic steatosis appeared to be more com-
mon in Group 1. However, no significant difference was 
detected between Group 1 and Group 2 in terms of 
hepatosteatosis, and in the regression analysis, it was 
determined that glucose and pancreatic tail parameters 
influenced the risk of pancreatic steatosis.

Study limitations
The present study had some limitations. Our study 

was a retrospective cross-sectional study. Thus, it 
took a short observation period to establish a causal 
relationship for the significant association between 
pancreatic and  hepatic steatosis and pancreatitis. It 
can be generalized to clinical settings through multi-
center and longer-term prospective studies. Our study 
was from a single center; therefore, our results may 
not represent all patients with T2D. The patients in-
cluded in our study were adult, middle-aged women; 
consequently, it is unclear whether our findings also 
apply to men in this age group. Another limitation of 
the study is that the measurements and comparisons 
were carried out only once.

Despite these limitations, our study shows the rela-
tionship between pancreatic steatosis and patients with 
pancreatitis T2D, and it is a valuable study, the likes of 
which has not been conducted before.

Conclusions
Diabetes mellitus is closely related to pancreatic 

and liver fat. In our study, pancreatic steatosis was 
detected twice as often in patients with diabetes with 
pancreatitis compared to patients without diabetes 
with pancreatitis, but it was found that there was no 
difference in the frequency of hepatosteatosis between 
the groups.
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