
Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons  
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).

Clinical research

*Corresponding authors:
Junhua Ma,
Xia Chen
Department of Endocrinology
Gongli Hospital of 
Shanghai Pudong New Area
200135 Shanghai, China 
E-mail: jhmagl@126.com,
cx01690@glhospital.com

Department of Endocrinology, Gongli Hospital of Shanghai Pudong New Area, 
Shanghai, China 

Submitted: 9 October 2025; Accepted: 16 November 2025
Online publication: 30 December 2025

Arch Med Sci
DOI: https://doi.org/10.5114/aoms/214286
Copyright © 2025 Termedia & Banach

The association of liver and pancreatic fat 
accumulation patterns with diabetes and prediabetes 
in young and middle-aged Chinese adults 

Xiangqi Li, Lin Zou, Fei Sun, Li Peng, Xing Wang, Qian Xi, Yingxuan Li, Wen You, Xia Chen*,  
Junhua Ma*

A b s t r a c t

Introduction: The combined role of fatty liver disease (FLD) and pancre-
atic fat accumulation (PFA) in diabetes is unknown. In the present study, 
we aimed to evaluate the relationship between the phenotype of FLD and 
PFA and type 2 diabetes mellitus (T2DM) or prediabetes in young and mid-
dle-aged adults.
Material and methods: 6205 adults aged 25–60 years who underwent com-
puted tomography (CT) chest examinations were included in this study. Fatty 
liver disease was defined based on the ratio of liver CT attenuation and 
spleen CT attenuation (ratio < 0.8). PFA was defined based on the ratio of 
pancreatic CT attenuation and spleen CT attenuation (ratio < 0.9). The phe-
notype of FLD and PFA was divided into three groups: neither FLD nor PFA; 
either FLD or PFA; both FLD and PFA.
Results: There were 236 patients with T2DM and 242 subjects with predi-
abetes. 1861 subjects had FLD or PFA, and 190 subjects had both FLD and 
PFA. Subjects with both FLD and PFA or subjects with either FLD or PFA had 
higher risk of T2DM or prediabetes than those with neither FLD nor PFA 
(odds ratio (OR) = 2.61, 95% CI:1.35–5.02; OR = 1.37, 95% CI: 1.00–1.93; OR 
= 2.76, 95% CI: 1.60–4.790; OR = 1.43, 95% CI: 1.07–1.91). Subjects with 
both FLD and PFA also had a higher risk of prediabetes and prediabetes + 
diabetes than those with FLD or PFA alone (OR = 1.66, 95% CI: 1.00–2.88; 
OR = 1.64, 95% CI: 1.02–2.63). 
Conclusions: Subjects with both FLD and PFA had higher risk of T2DM than 
those with neither condition or either FLD or PFA. 

Key words: type 2 diabetes, fatty liver disease, pancreatic fat 
accumulation, young population, middle-aged population.

Introduction

The association between hepatic fat content and diabetes has been 
well studied. Hepatic steatosis is characterized by the abnormal and 
excessive deposition of fat, predominantly triglycerides, in liver tissue 
[1–3], is strongly linked to insulin resistance and dysregulated glucose 
metabolism, serving as a  key predictor for the development of type 2 
diabetes and prediabetes [4, 5]. Studies indicate that individuals with 
non-alcoholic fatty liver disease exhibit a 2- to 5-fold increased risk of 
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progressing to type 2 diabetes mellitus (T2DM) 
compared to those without hepatic steatosis [6]. 
This relationship arises because ectopic hepatic fat 
disrupts insulin signaling pathways, impairing the 
suppression of hepatic glucose production and ex-
acerbating hyperglycemia [7]. Even in prediabetic 
stages, elevated hepatic fat correlates with early 
metabolic dysfunction, including reduced insulin 
sensitivity and abnormal postprandial glycemic 
responses [8]. Interventions targeting hepatic fat 
reduction, such as weight loss or pharmacological 
agents, have demonstrated efficacy in improving 
glycemic control [9], underscoring hepatic steato-
sis as both a biomarker and a modifiable driver of 
diabetes risk.

Recently, pancreatic fat content has garnered 
significant attention in the context of diabetes 
and prediabetes due to its potential impact on 
pancreatic function and glucose metabolism 
[10]. Increased pancreatic fat deposition has 
been associated with impaired pancreatic b-cell 
function [11, 12], which is crucial for insulin se-
cretion and glucose regulation. This fat accumu-
lation may contribute to insulin resistance and 
reduced insulin sensitivity, both of which are 
key factors in the progression from prediabetes 
to type 2 diabetes. Studies have shown a posi-
tive correlation between pancreatic fat content, 
measured by techniques such as magnetic reso-
nance imaging (MRI) or computed tomography 
(CT), and the risk of developing diabetes and 
prediabetes [13, 14]. 

Recent research has separately explored the 
relationship between diabetes and pancreatic 
fat, as well as that between diabetes and he-
patic fat [4]. However, subjects may have high 
levels of both pancreatic fat and hepatic fat. The 
mixed effects of pancreatic fat and hepatic fat 
on glucose metabolism and diabetes have not 
been well investigated. We hypothesized that 
this condition may be associated with a higher 
risk of diabetes or prediabetes. In the present 

study we aimed to test this hypothesis in a Chi-
nese population. 

Material and methods

Study population

This retrospective cohort study used data from 
participants aged 25–60 years who underwent 
annual CT lung cancer screening between 2018 
and 2020. Participants had undergone baseline 
low-dose chest CT scans and had available blood 
biochemical data. Inclusion criteria: age 25–60 
years at baseline; completion of at least one an-
nual lung cancer screening CT scan; availability 
of fasting blood glucose, lipid profile data and 
demographic information. Exclusion criteria: 
history of pancreatic/hepatic lesions, cancer, or 
metabolic disorders (e.g., chronic pancreatitis, 
cirrhosis); incomplete CT or biochemical data; 
poor-quality CT images (e.g., motion artifacts). 
The flowchart of the study population is shown in 
Figure 1. Ethics approval was obtained from the 
Gongli Hospital of Shanghai Pudong New Area 
(GLYYls2021-008). The study was conducted in 
accordance with the Declaration of Helsinki. The 
need for informed consent was waived by the 
Ethics Committee of Gongli Hospital of Shanghai 
Pudong New Area because of the retrospective 
nature of the study. 

Blood biochemical data collection

Blood test data were collected from the elec-
tronic medical systems. The following data were 
obtained: fasting plasma glucose (FPG), total 
cholesterol, triglycerides, high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C), albumin, uric acid, creatinine, 
and aspartate aminotransferase (AST). Diabetes 
and prediabetes were evaluated according to the 
following criteria: diabetes – FPG ≥ 126 mg/dl  
(7.0 mmol/l) or self-reported antidiabetic medi-

Figure 1. Flowchart of study population

9326 subjects underwent chest CT scan for lung cancer 
screening (August 2018 – August 2020) 

1187 subjects excluded for aged older than 60 years 

7932 subjects 

6205 subjects (2556 women and 3649 men) 

1394 subjects excluded: 
– History of cancers (n = 432) 
– History of autoimmune diseases (n = 123) 
– Severe renal and liver dysfunction (n = 176)
– Incomplete medical information (n = 663)
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cation use; prediabetes – FPG in the range 110– 
125 mg/dl (6.1–6.9 mmol/l).

CT-based fat quantification

Pancreatic and hepatic fat content were mea-
sured on non-contrast CT scans using Hounsfield 
Unit (HU)-based thresholds. Liver fat: Regions of 
interest (ROIs) were placed in three hepatic seg-
ments (avoiding vessels/lesions). Mean liver at-
tenuation/spleen attenuation < 0.8 indicates fatty 
liver disease (FLD). Pancreatic fat accumulation 
(PFA): ROIs were placed in the pancreatic head, 
body, and tail. Fat deposition was quantified using 
validated thresholds, defined as a mean pancreat-
ic attenuation/spleen attenuation ratio < 0.9. All 
measurements were performed by two blinded 
radiologists.

Statistical analysis

Data management and statistical analyses 
were performed using commercial software 
(SPSS 20.0). Continuous variables (e.g., age, BMI, 
fat attenuation values) were presented as mean 
± standard deviation (if normally distributed) or 
median (interquartile range) if non-normally dis-
tributed. Normality was assessed using the Sha-
piro-Wilk test. Categorical variables (e.g., sex, di-
abetes status) were summarized as frequencies 

and percentages. The independent samples t-test 
was used for normally distributed data, while the 
Mann-Whitney U test was used for non-normally 
distributed data. The c2 test or Fisher’s exact test 
was used for categorical data. Multivariable lo-
gistic regression was used to assess associations 
between pancreatic/hepatic fat (independent 
variables) and diabetes/prediabetes (dependent 
variables). Model 1 was adjusted for age, sex, and 
body mass index; Model 2 was further adjusted 
for liver function, renal function, albumin, uric 
acid, blood pressure, low-density lipoprotein cho-
lesterol, and high-density lipoprotein cholesterol. 
Subgroup analyses were performed in men and 
women, and in subjects with hepatic steatosis or 
pancreatic steatosis. Statistical significance was 
set at p < 0.05 (two-tailed).

Results

Characteristics of participants

Characteristics of participants are shown in Ta-
ble I. A  total of 6205 subjects – 3649 men and 
2556 women – were included in this study. Par-
ticipants with neither FLD nor PFA were younger 
than those with either FLD or PFA (p < 0.01). The 
proportion of male patients was higher in partic-
ipants with both FLD and PFA than in those with 
neither FLD nor PFA, or either FLD or PFA (p < 0.01). 

Table I. Characteristics of the subjects divided by phenotype of fatty liver disease and pancreatic fat accumulation

Parameter Neither FLD nor PFA 
(n = 4154)

FLD or PFA 
(n = 1861)

FLD and PFA 
(n = 190)

P-value

Age [years] 42.97 ±9.52 45.2 ±9.40 43.5 ±9.37 < 0.001

Sex [men] 2238 (53.9%) 1249 (67.1%) 162 (85.3%) < 0.001

BMI [kg/m2] 25.22 ±2.98 25.84 ±2.08 26.82 ±3.21 0.04

Waist circumference [cm]* 81.46 ±9.65 86.38 ±10.37 89.65 ±11.46 < 0.001

Pancreatic CT attenuation [HU] 49.33 ±3.68 42.66 ±5.92 41.68±6.11 < 0.001

Liver CT attenuation [HU] 57.24 ±6.04 42.33 ±11.79 32.47 ±8.16 < 0.001

AST [U/l] 23.15 ±31.46 25.10 ±11.09 32.11 ±14.61 <0.001

Albumin [mmol/l] 41.86 ±3.06 42.08 ±3.16 42.22 ±2.85 0.02

Uric acid [μmol/l] 300.7 ±94.6 338.51 ±91.4 386.4 ±93.0 < 0.001

Creatinine [mmol/l] 72.85 ±15.19** 75.91 ±14.16 77.91 ±14.47 < 0.001

Blood glucose [mmol/l] 5.05 ±0.99 5.28 ±1.30 5.73 ±1.49 < 0.001

HDL-c [mmol/l] 1.54 ±0.34 1.41±0.33 1.32 ±0.38 < 0.001

LDL-c [mmol/l] 2.96 ±0.79 3.10 ±0.80 3.16 ±0.87 <0.001

TC [mmol/l] 4.70 ±0.92 4.75 ±0.96 4.85 ±1.00 0.008

TG [mmol/l] 1.45 ±1.22 1.78 ±1.59 2.71 ±2.46 <0.001

SBP [mm Hg] 126.27 ±15.26 128.03 ±15.51 129.78±7.53 0.13

DBP [mm Hg] 75.08 ±7.75 76.12 ±8.01 77.58 ±8.13 0.19

Diabetes 116 (2.8%) 95 (5.1%) 25 (13.2%) < 0.001

Prediabetes 116 (2.8%) 105 (5.6%) 21 (11.1%) < 0.001

AST – aspartate aminotransferase, BMI – body mass index, CT – computed tomography, DBP – diastolic blood pressure, HDL-c – high-density 
lipoprotein cholesterol, HU – Hounsfield unit, LDL-c – low-density lipoprotein cholesterol, SBP – systolic blood pressure, TC – total cholesterol, 
TG – triglyceride, TYG – triglyceride-glucose. *n = 2136 for neither FLD nor PFA, n = 893 for FLD or PFA and n = 94 for FLD and PFA.
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Table II. Association between fatty liver disease and pancreatic fat accumulation and the risk of diabetes or pre-
diabetes

Parameter Model 1 P-value Model 2 P-value Model 3 P-value

OR (95% CI) OR (95% CI) OR (95% CI)

Diabetes

Neither FLD nor PFA 1 1 1

FLD or PFA 1.43 (1.08–1.90) 0.013 1.58 (1.15–2.17) 0.004 1.37 (1.00–1.93) 0.05

FLD and PFA 3.66 (2.24–5.97) < 0.001 3.15 (1.73–5.74) < 0.001 2.61 (1.35–5.02) 0.004

Prediabetes

Neither FLD nor PFA 1 1 1

FLD or PFA 1.65 (1.26–2.18) < 0.001 1.50 (1.12–2.00) 0.006 1.43 (1.07–1.91) 0.02

FLD and PFA 3.74 (2.22–6.28) < 0.001 3.17 (1.86–5.40 < 0.001 2.76 (1.60–4.79) < 0.001

Diabetes + prediabetes

Neither FLD nor PFA 1 1 1

FLD or PFA 1.57 (1.28–1.93) < 0.001 1.57(1.26–1.97) < 0.001 1.44 (1.14–1.82) 0.003

FLD and PFA 4.01 (2.72–5.91) < 0.001 3.33 (2.14–5.17) < 0.001 2.83 (1.77–4.51) < 0.001

Model 1 was adjusted for age, sex, and body mass index; Model 2 was further adjusted for liver function, renal function, albumin, uric 
acid, and blood pressure. Model 3 was further adjusted for low-density lipoprotein cholesterol and high-density lipoprotein cholesterol.  
CI – confidence interval, FLD – fatty liver disease, HDL – high-density lipoprotein cholesterol, OR – odds ratio, PFA – pancreatic fat accumulation.

Table III. Association between fatty liver disease and pancreatic fat accumulation and the risk of diabetes or predi-
abetes in men and women

Gender Parameter Model 1 P-value Model 2 P-value

OR (95% CI) OR (95% CI)

Men Diabetes

Neither FLD nor PFA 1 1

FLD or PFA 1.42 (1.03–1.97) 0.034 1.32 (0.89–1.96) 0.16

FLD and PFA 3.84 (2.27–6.49) < 0.001 2.97 (1.51–5.83) 0.002

Prediabetes

Neither FLD nor PFA 1 1

FLD or PFA 1.62(1.18–2.21) 0.003 1.39 (1.00–1.94) 0.05

FLD and PFA 3.82 (2.19–6.67) < 0.001 2.99 (1.66–5.37) < 0.001

Diabetes + prediabetes

Neither FLD nor PFA 1 1

FLD or PFA 1.56 (1.23–1.98) < 0.001 1.40 (1.07–1.84) 0.014

FLD and PFA 4.23(2.77–6.45) < 0.001 3.05 (1.86–5.03) < 0.001

Women Diabetes

Neither FLD nor PFA 1 1

FLD or PFA 1.49 (0.83–2.66) 0.18 1.56 (0.75–3.27) 0.08

FLD and PFA 2.66 (0.58–12.19) 0.21 0.17 (0.04–7.00) 0.35

Prediabetes

Neither FLD nor PFA 1 1

FLD or PFA 1.93 (1.06–3.53) 0.03 1.61 (0.85–3.05) 0.15

FLD and PFA 3.69 (0.80–17.12) 0.10 1.25 (0.22–7.02) 0.80

Diabetes + prediabetes

Neither FLD nor PFA 1 1

FLD or PFA 1.71 (1.11–2.61) 0.014 1.60 (0.97–2.63) 0.06

FLD and PFA 3.26 (1.04–10.11) 0.04 0.92 (0.16–5.14) 0.92

Model 1 was adjusted for age, sex and body mass index; Model 2 was further adjusted for liver function, renal function, albumin, uric 
acid, blood pressure, low-density lipoprotein cholesterol, and high-density lipoprotein cholesterol. CI – confidence interval, FLD – fatty liver 
disease, HDL – high-density lipoprotein cholesterol, OR – odds ratio, PFA – pancreatic fat accumulation.
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The BMI and waist circumference of participants 
with both FLD and PFA were greater than those 
of people with neither FLD nor PFA (p < 0.05). The 
pancreatic and liver CT attenuation were signifi-
cantly higher in participants with neither FLD nor 
PFA than in those with both FLD and PFA, or ei-
ther FLD or PFA (p < 0.01). Levels of AST, uric acid, 
creatinine, blood glucose, LDL-c, TC, and TG were 
higher in participants with both FLD and PFA than 
in participants with neither FLD nor PFA, or ei-
ther FLD or PFA (p < 0.01). The level of HDL-c was 
higher in participants without FLD or PFA than in 
those with both FLD and PFA, or either FLD or PFA  
(p < 0.01). However, no significant differences 
were found in systolic blood pressure (SBP) or dia-
stolic blood pressure (DBP) between these groups 
(p > 0.05). The prevalence of diabetes and predi-
abetes in our population were 3.80% and 3.90%, 
respectively. The prevalence of T2DM or prediabe-
tes in subjects with both FLD and PFA was signifi-
cantly higher than those with neither FLD nor PFA, 
or either FLD or PFA (p < 0.01).

Association between FLD/PFA and the risk of 
diabetes or prediabetes

First, we used multivariate logistic regression 
analyses to identify the association between FLD/
PFA and the risk of T2DM or prediabetes (Table II). 
Having both FLD and PFA, and FLD or PFA, were 
associated with a high risk of T2DM in all three 
models. The odds ratio (OR) was 1.37 (95% con-
fidence interval (CI): 1.00–1.93) for FLD or PFA 
alone and 2.61 (95% CI: 1.35–5.02) for both FLD 
and PFA. Similar associations were found for pres-
ence of both FLD and PFA, and FLD or PFA alone, 
and the risk of prediabetes (OR = 2.76, 95% CI: 
1.60–4.790; OR = 1.43, 95% CI: 1.07–1.91). In ad-
dition, presence of both FLD and PFA, and FLD or 
PFA alone, were associated with a high risk of di-

abetes and prediabetes (OR = 2.83, 95% CI: 1.77–
4.51; OR = 1.44, 95% CI: 1.14–1.82).

Subgroup analysis 

We also performed subgroup analysis in men 
and women (Table III). The association between 
both FLD and PFA and the risk of diabetes or pre-
diabetes in men was the same as that in the over-
all population. A significant association was found 
between subjects with both FLD and PFA and the 
risk of diabetes or prediabetes (diabetes, OR = 
2.97, 95% CI: 1.51–5.83; prediabetes, OR = 2.99, 
95% CI: 1.66–5.37; diabetes + prediabetes, OR = 
3.05, 95% CI:1.86–5.03) in men. Male subjects 
with FLD or PFA had high risk of prediabetes (OR = 
1.39, 95% CI: 1.00–1.94) and risk of diabetes and 
prediabetes (OR = 1.40, 95% CI: 1.07–1.84), but 
not high risk of diabetes. However, no significant 
association was observed between FLD/PFA and 
the risk of diabetes or prediabetes after full ad-
justment in women.

We subsequently evaluated the association be-
tween FLD/PFA and the risk of T2DM or prediabe-
tes in subjects with FLD or PFA (Table IV). Subjects 
with both FLD and PFA had a higher risk of predia-
betes and prediabetes + diabetes than those with 
FLD or PFA alone (OR = 1.66, 95% CI: 1.00–2.88; 
OR = 1.64, 1.02–2.63).

Discussion

Studies have shown that fat accumulation in 
intra-abdominal [15], hepatic [16], pancreatic [14], 
and skeletal muscle [17] is associated with the risk 
of developing type 2 diabetes. However, most re-
cent studies have mainly focused on one fat distri-
bution pattern. Distinct body fat distribution pat-
terns may determine the likelihood of developing 
type 2 diabetes in certain individuals [10, 17]. In 

Table IV. Association between fatty liver disease and pancreatic fat accumulation and the risk of diabetes or predi-
abetes in subjects with FLD or PFA

Parameter Model 1 P-value Model 2 P-value Model 3 P-value

OR (95% CI) OR (95% CI) OR (95% CI)

Diabetes

FLD or PFA 1 1 1

FLD and PFA 2.44 (1.49–4.00) < 0.001 1.89 (1.03–3.46) 0.039 1.73 (0.90–3.32) 0.10

Prediabetes

FLD or PFA 1 1 1

FLD and PFA 2.14 (1.27–3.63) 0.004 1.82 (1.05–3.13) 0.032 1.66 (1.00–2.88) 0.05

Diabetes + prediabetes

FLD or PFA 1 1 1

FLD and PFA 2.39 (1.61–3.54) < 0.001 1.82 (1.16–2.86)  0.009 1.64 (1.02–2.63) 0.04

Model 1 was adjusted for age, sex, and body mass index; Model 2 was further adjusted for liver function, renal function, albumin, uric 
acid, and blood pressure. Model 3 was further adjusted for low-density lipoprotein cholesterol and high-density lipoprotein cholesterol.  
CI – confidence interval, FLD – fatty liver disease, HDL – high-density lipoprotein cholesterol, OR – odds ratio, PFA – pancreatic fat accumulation.
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the present study, we evaluated the risk of diabe-
tes or prediabetes in subjects with different pat-
terns of hepatic and pancreatic fat accumulation. 
Our data demonstrated that subjects with hepatic 
or pancreatic fat accumulation had high risk of di-
abetes or prediabetes. Moreover, our study further 
reported that individuals with both hepatic and 
pancreatic fat accumulation had higher probabili-
ty of prediabetes and prediabetes + diabetes than 
those with FLD or PFA alone. 

A  few studies have analyzed the association 
between multiple fat compartments and risk 
of diabetes [4, 18, 19]. Yamazaki et al. reported 
the association between four fat distribution 
clusters and incident diabetes [16]. They found 
that subjects in hepatic steatosis and pancreatic 
steatosis clusters had high likelihood of diabe-
tes compared with those with steatopenia after 
adjusting for age, sex, BMI, smoking and drinking 
habits, blood pressure, serum lipids, and anti-hy-
pertension/anti-diabetic medicine. Moreover, 
they observed an interaction between pancreatic 
fat and hepatic fat, visceral fat, and muscle fat [4]. 
This study indicated the role of pancreatic fat in 
diabetes. However, the hepatic steatosis cluster 
included subjects with high levels of liver fat and 
visceral fat, and the pancreatic steatosis clusters 
included subjects with high levels of pancreatic 
fat, visceral fat, and muscle fat. Yamazaki’s study 
did not include the cluster of high pancreas fat 
and liver fat. To our knowledge, our study may 
be first one to show the association of diabetes 
or prediabetes and the cluster of high pancreatic 
fat and liver fat. 

The core pathophysiology of diabetes and pre-
diabetes is insulin resistance and β-cell dysfunc-
tion [20]. Insulin resistance refers to a decreased 
responsiveness of body cells – especially muscle, 
fat, and liver cells – to the normal action of in-
sulin. β-cell dysfunction, characterized by relative 
insulin insufficiency and/or aberrant secretory 
patterns, causes persistent hyperglycemia. High 
levels of hepatic fat may lead to diabetes through 
hepatic and systemic insulin resistance, which 
may be achieved either through direct effects on 
hepatocytes or through the effects of liver-derived 
factors on distal organs [4, 15, 21]. High levels of 
pancreatic fat may influence insulin secretion [4, 
13, 14, 22]. The DAG activated protein kinase C ep-
silon (PKCε) generated from pancreatic fat break-
down inhibits insulin gene transcription [23]. The 
elevated RBP4 secreted by pancreatic adipose 
tissue induces insulin resistance in β-cells via the 
JNK pathway [24]. In addition, the effects of pan-
creatic fat on insulin secretion may be modified by 
genetic factors [22]. Organ-organ communication 
may also play a role in modulating insulin secre-
tion [4, 25]. Our data showed that the detrimental 

effects of liver fat do not act alone but in concert 
with pancreatic fat. Excise, diet, and physical ac-
tivity are important strategies for reducing exces-
sive liver fat deposition [26–29]. Exercise may af-
fect inflammatory and oxidative markers, as well 
as lipid levels [30, 31].

Our results showed associations between FLD 
and/or PFA and diabetes or prediabetes mainly in 
men. One important reason is the small sample 
size in female subjects with both FLD and PFA. 
There were 25 cases of diabetes in subjects with 
both FLD and PFA. Among female subjects, there 
were fewer than 10 cases of diabetes. Therefore, 
further studies are needed to investigate the asso-
ciations between FLD or/and PFA and diabetes or 
prediabetes in the female population. 

Our study has several advantages. The study 
enrolled a  large sample of 6,326 subjects. Our 
study may be the first one to identify the asso-
ciation between liver and pancreatic fat content 
and diabetes or prediabetes in young and mid-
dle-aged adults. Our study has several limitations. 
First, it was a cross-sectional study. It did not re-
veal a causal relationship between hepatic and/or 
pancreatic fat accumulation and risk of diabetes. 
Longitudinal or prospective studies are required 
to demonstrate the causal relationship. Second, 
fat accumulation in the liver and pancreas were 
evaluated by CT. MRI may be more accurate for 
quantitative determinants of fat content. How-
ever, CT-based fat measurements have also been 
widely used [4, 32]. Third, we did not control for all 
possible confounders, such as smoking and drink-
ing habits. Finally, this was a single center study 
with a  Chinese population. The generalizability 
of the findings requires validation in multi-center 
and multi-ethnic populations. 

In conclusion, we found that elevated pancre-
atic and hepatic fat content were associated with 
a  significantly increased risk of type 2 diabetes 
and prediabetes. Our findings further highlight 
that individuals with concurrent fat accumulation 
in both organs face a  markedly higher risk than 
those with fat in either the liver or pancreas alone. 
These findings underscore the critical role of spe-
cific fat distribution patterns in the pathogenesis 
of diabetes, which may inform future preventive 
and therapeutic strategies.

Availability of data and materials

All the data generated or analyzed during this 
study are available from the corresponding author 
upon reasonable request.

Acknowledgments

Xiangqi Li and Lin Zou contributed equally to 
this work.



The association of liver and pancreatic fat accumulation patterns with diabetes and prediabetes in young and middle-aged Chinese adults 

Arch Med Sci� 7

Funding

This study was funded by the Health Commis-
sion Discipline Construction Project of Shanghai 
Pudong New Area-Key Department of Endocrinol-
ogy and Metabolism (PWZzK2022-05); Research 
Grant for Health Science and Technology of Pud-
ong Health Bureau of Shanghai (PW2022A-07).

Ethical approval 

Ethics approval was obtained from the Gongli 
Hospital of Shanghai Pudong New Area. The study 
was conducted in accordance with the Declaration 
of Helsinki. The need for informed consent was 
waived by the Ethics Committee of Gongli Hospi-
tal of Shanghai Pudong New Area because of the 
retrospective nature of the study.

Conflict of interest

The authors declare no conflict of interest.

R e f e r e n c e s
1.	Ismail A, Mousa NMA, Elgendy SKM, et al. Effect of 

lifestyle changes on liver enzymes, triglycerides, sex 
hormones, and daytime sleepiness in polycystic ovari-
an syndrome women with obstructive sleep apnea and 
fatty liver–a randomized controlled trial. Prz Menopau-
zalny 2025; 24: 94-101. 

2.	El-Hadidy H, Ismail AA, El Sayed SG, Ahmed A, Elgo- 
hary O. Additive effect of free walking exercise on liv-
er enzymes, fatigue severity, triglycerides, and sleeping 
quality in obstructive sleep apnea patients with non-al-
coholic fatty liver: randomized controlled trial. Adv Re-
hab 2025; 39: 16-27.

3.	Ismail AMA, Saad AE, Draz RS. Effect of low-calorie diet 
on psoriasis severity index, triglycerides, liver enzymes, 
and quality of life in psoriatic patients with non-alcohol-
ic fatty liver disease. Reumatologia 2023; 61: 116-22.‏

4.	Yamazaki H, Tauchi S, Machann J, et al. Fat distribution 
patterns and future type 2 diabetes. Diabetes 2022; 71: 
1937-45. 

5.	Stefan N, Häring HU, Cusi K. Non-alcoholic fatty liver dis-
ease: causes, diagnosis, cardiometabolic consequences, 
and treatment strategies. Lancet Diabetes Endocrinol 
2019; 7: 313-24.

6.	Younossi Z, Anstee QM, Marietti M, et al. Global burden 
of NAFLD and NASH: trends, predictions, risk factors 
and prevention. Nat Rev Gastroenterol Hepatol 2018; 
15: 11-20.

7.	Byrne CD, Targher G. Ectopic fat, insulin resistance, and 
nonalcoholic fatty liver disease: implications for cardio-
vascular disease. Arterioscler Thromb Vasc Biol 2014; 
34: 1155-61.

8.	London A, Lundsgaard AM, Kiens B, Bojsen-Møller KN. 
The role of hepatic fat accumulation in glucose and in-
sulin homeostasis-dysregulation by the liver. J Clin Med 
2021; 10: 390.

9.	Wagner R, Heni M, Kantartzis K, et al. Lower hepatic fat 
is associated with improved insulin secretion in a high-
risk prediabetes subphenotype during lifestyle interven-
tion. Diabetes 2023; 72: 362-6.

10.	Chan TT, Tse YK, Lui RN, et al. Fatty  pancreas  is inde-
pendently  associated  with subsequent  diabetes melli-

tus  development: a 10-year  prospective  cohort  study. 
Clin Gastroenterol Hepatol 2022; 20: 2014-22.

11.	Chin SO, Hwang YC, Cho IJ, Jeong IK, Ahn KJ, Chung HY.  
Pancreatic fat accumulation is associated with de-
creased β-cell function and deterioration in glucose tol-
erance in Korean adults. Diabetes Metab Res Rev 2021; 
37: e3425.

12.	Wen Y, Chen C, Kong X, et al. Pancreatic  fat  infiltration, 
beta-cell function and insulin resistance: a study of the 
young patients with obesity. Diabetes Res Clin Pract 
2022; 187: 109860. 

13.	Petrov MS, Taylor R. Intra-pancreatic fat deposition: 
bringing hidden fat to the fore. Nat Rev Gastroenterol 
Hepatol 2022; 19: 153-68.

14.	Wagner R, Eckstein SS, Yamazaki H, et al. Metabolic im-
plications of pancreatic fat accumulation. Nat Rev Endo-
crinol 2022; 18: 43-54.

15.	Stefan N, Cusi K. A global view of the interplay between 
non-alcoholic fatty liver disease and  diabetes. Lancet 
Diabetes Endocrinol 2022; 10: 284-96.

16.	Yamazaki H, Wang J, Tauchi S, et al. Inverse association 
between fatty liver at baseline ultrasonography and re-
mission of type 2 diabetes over a 2-year follow-up peri-
od. Clin Gastroenterol Hepatol 2021; 19: 556-64.

17.	Miljkovic I,  Kuipers AL,  Cvejkus RK, et al. Hepatic and 
skeletal muscle adiposity are associated with diabetes 
independent of visceral adiposity in nonobese Afri-
can-Caribbean Men. Metab Syndr Relat Disord 2020; 
18: 275-83.

18.	Sung KC, Jeong WS, Wild SH, Byrne CD. Combined influ-
ence of insulin resistance, overweight/obesity, and fatty 
liver as risk factors for type 2 diabetes. Diabetes Care 
2016; 35: 717-22.

19.	Martin S, Sorokin EP, Thomas EL, et al. Estimating  the  ef-
fect  of  liver  and  pancreas  volume  and  fat  content 
on risk of diabetes: a mendelian randomization study. 
Diabetes Care 2022; 45: 460-8. 

20.	Bacha F, Hannon TS, Tosur M, et al. Pathophysiology and 
treatment of prediabetes and type 2 diabetes in youth. 
Diabetes Care 2024; 47: 2038-49. 

21.	Meex RCR, Watt MJ. Hepatokines: linking nonalcoholic 
fatty liver disease and insulin resistance. Nat Rev Endo-
crinol 2017; 13: 509-20.

22.	Wagner R, Jaghutriz BA, Gerst F, et al. Pancreatic  ste-
atosis  associates  with  impaired  insulin  secre-
tion  in  genetically  predisposed individuals. J Clin En-
docrinol Metab 2020; 105: 3518-25.

23.	Zheng ZG, Xu YY, Liu WP, et al. Discovery of a  potent 
allosteric  activator  of DGKQ that ameliorates obesi-
ty-induced insulin resistance via the sn-1,2-DAG-PKCep-
silon  signaling axis. Cell Metab 2023; 35: 101-17.e11

24.	Moraes-Vieira PM, Yore MM, Dwyer PM, Syed I, Aryal P, 
Kahn BB. RBP4  activates antigen-presenting cells, lead-
ing to adipose tissue inflammation and systemic  insu-
lin  resistance. Cell Metab 2014; 19: 512-26.

25.	Gerst F, Wagner R, Oquendo MB, et al. What role do fat 
cells play in pancreatic tissue? Mol Metab 2019; 25: 1-10. 

26.	Romero-Gómez M, Zelber-Sagi S, Trenell M. Treatment 
of NAFLD with diet, physical activity and exercise.  
J Hepatol 2017; 67: 829-46. 

27.	Ismail AMA, Tolba AMN. Effectiveness of lifestyle-modi-
fication approach (a randomized-controlled program of 
diet restriction and treadmill walking exercise) on elder-
ly’s metabolic syndrome-associated subjective tinnitus. 
Eur Arch Otorhinolaryngol 2025; 282: 4307-15. 

28.	Ciftel E, Klisic A, Ciftel S, et al. Assessing the impact of 
a wheat flour and baker’s yeast restricted diet vs. cal-

https://pubmed.ncbi.nlm.nih.gov/40741261/
https://pubmed.ncbi.nlm.nih.gov/40741261/


Xiangqi Li, Lin Zou, Fei Sun, Li Peng, Xing Wang, Qian Xi, Yingxuan Li, Wen You, Xia Chen, Junhua Ma

8� Arch Med Sci

orie restriction in non-alcoholic fatty liver disease pa-
tients. Arch Med Sci 2024; 21: 719-28.

29.	Ismail A, El Gressy NSSA, Hegazy MD, Elfahl AMAH, 
Ahmed OSM. Randomized controlled effect of treadmill 
walking exercise on liver enzymes, psychological bur-
den, and erectile dysfunction in men with hepatitis C. 
Gastroenterology Rev 2024; 19: 263-70.

30.	Ismail AMA, El-Moatasem AM, El-Moatasem AM. Effect 
of baduanjin exercise on salivary inflammatory and ox-
idative markers in the elderly with metabolic syndrome 
and periodontal disease: a  randomized trial. J Bodyw 
Mov Ther 2025; 45: 536-44.

31.	Ismail AMA, Morsy MM. Effect of Baduanjin exercise 
on lipid profile, blood pressure, and thyroid-stimulating 
hormone in elderly with subclinical hypothyroidism and 
mild cognitive impairment: a randomized-controlled tri-
al in women. Geriatr Nurs 2025; 64: 103434.

32.	Wang J, Wei Z, Wang Y, et al. Pancreatic fat infiltration 
is associated with risk of vertebral fracture in older pa-
tients with type 2 diabetes: a  longitudinal multicenter 
study. Diabetes Res Clin Pract 2024; 217: 111904.

https://pubmed.ncbi.nlm.nih.gov/40741261/
https://pubmed.ncbi.nlm.nih.gov/40741261/

	OLE_LINK33
	OLE_LINK47
	OLE_LINK25
	OLE_LINK17
	OLE_LINK22
	OLE_LINK23
	OLE_LINK43
	OLE_LINK5

