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INTRODUCTION

• Intrapancreatic fat deposition (IPFD) is the diffuse presence of fat 
within the pancreas. In contrast to the liver, which stores fat 
exclusively in lipid droplets within liver cells, IPFD involves a variety 
of cells, including endocrine cells, acinar cells, adipocytes, and others.

• IPFD can occur through either lipid droplet accumulation inside cells 
or the substitution of functional cells with adipocytes.



INTRODUCTION

• Although a small amount of fat usually exists in the pancreas of 
healthy individuals, excessive IPFD leads to fatty change of the 
pancreas (FP).

• The prevalence of FP varies greatly between published studies, 
ranging from 8.4% to 35.0%; 1 reason for this might be the 
retrospective analyses of imaging databases that collect data from 
large tertiary referral centers, which may not represent the general 
population and involve various noninvasive imaging techniques such 
as ultrasonography, endoscopic ultrasound, computed tomography, and 
magnetic resonance imaging (MRI).



INTRODUCTION

• FP, or excessive IPFD, may disrupt normal pancreatic function and 
elevate the risk of diabetes mellitus (DM), acute pancreatitis (AP), 
chronic pancreatitis (CP), and pancreatic cancer (PC)



• The advancement of chemical shift MRI technology has enabled 
quantitative evaluation of fat content in tissues, thereby mitigating the 
impact of incomplete diagnostic criteria for FP . The large-scale, 
prospective cohort of the UK Biobank and standardized chemical shift 
MRI examinations provide an opportunity for further exploration into 
the above-mentioned issues.



• In this study, we initially conducted a prospective cohort study 
involving a population from the UK Biobank to investigate the 
prevalence of FP, then explored the association between IPFD and the 
occurrence of pancreatic diseases



METHODS
Study design and participants



Study design and participants
• A prospective cohort study

• Outcomes:

• diseases of the exocrine and endocrine pancreas (including acute 
pancreatitis(AP), pancreatic cancer (PC), DM, and other pancreatic
diseases)

• Exposure was determined by IPFD level.

• Covariates included variables such as age, sex, ethnicity, body mass 
index (BMI), waist circumference, hip circumference, Townsend
deprivation index, smoking status, alcohol consumption, and disease 
history. 



Exclusion criteria

• (i) without follow-up data

• (ii) missing baseline data

• (iii) history of pancreatic disease

• (iv) time from enrollment ,1 year

• (v) IPFD values exceeding 3 times the interquartile range



MRI examination

• In our study, we used the MRI examination time point (the time of IPFD 
measurement) as the baseline. However, for some participants, certain 
variables such as Townsend deprivation index, smoking, and drinking 
status were missing during the MRI examination. In such cases, we used 
data recorded before the MRI examination (information collected at initial 
registration of the participant into the UK Biobank) to fill in these missing 
values. Subsequently, participants who still had missing data were excluded 
from the analysis. After exclusion, 42,599 eligible participants were 
included for further analysis (Figure 1). 



Townsend index

• The Townsend index is a measure of material deprivation within a 
population. It was first described by sociologist Peter Townsend in 
1988.

• The measure incorporates four variables:

• Unemployment (as a percentage of those aged 16 and over who are 
economically active);

• Non-car ownership (as a percentage of all households);

• Non-home ownership (as a percentage of all households); and

• Household overcrowding.

https://en.wikipedia.org/wiki/Peter_Townsend_(sociologist)


The UK Biobank is a large 
database of more than 
500,000 participants 
recruited from the general 
population

July2014 to January 2023



Measurement of intrapancreatic fat and fat 
content of liver and spleen

• 2 steps.

• organ segmentation

• Initially, we performed organ segmentation using an organ 
autosegmentation model based on nnUNet

• After organ segmentation, the fat content of the pancreas and liver was 
calculated using the following formula: fat/(fat + water) X 100%.







Diagnosis and definition

• All diseases were diagnosed based on the International 
Classification of Diseases, Ninth and Tenth Revisions with specific 
coding

• According to the division of age limited by World Health 
Organization, individuals were categorized as middle-aged (younger 
than 65 years) and elderly (aged 65 years and older).

• Central obesity was defined as meeting one of the following criteria: 
for males, waist circumference ≥ 90 cm or waist-to-hip ratio ≥ 0.9, 
or waist-to-height ratio ≥ 0.5, and 

• for females, waist circumference ≥ 80 cm or waist-to-hip ratio ≥ 0.85, 
or waist-to-height ratio ≥ 0.5.



Diagnosis and definition

• The determination of FP was derived from the sex- and age-specific 
95th percentile upper limit of IPFD in the general population .

• After excluding participants with a BMI of 25 or higher, central 
obesity, current or past histories of smoking and alcohol intake, 
hypertension, and lipid metabolism disorders, 8.01% for females aged 
45–54 years, 11.03% for females aged 55–64 years, 11.70% for 
females aged 65 years and older, 11.96% for males aged 45–54 years, 
15.77% for males aged 55–64 years, and 12.43% for males aged 65 
years and older were used as the standard upper limit values for 
IPFD.



Statistical analysis

• Continuous variables that conform to a normal distribution were 
presented as mean 6 SD. Intergroup comparisons of normally 
distributed data involved using t tests for 2 groups or 1-way ANOVA 
for multiple groups. Non-normally distributed data were represented 
by the median (quartile range) (M (P25, P75)), and the Mann–Whitney 
U test or Kruskal–Wallis H test was used for intergroup comparison. 
Categorical variables were analyzed using the x2 test, with the Fisher 
exact test used when deemed necessary. Standard differences in 
baseline data were assessed between individuals who underwent MRI 
examinations and those who did not



Statistical analysis

• All analyses were performed using R software version 4.2.2 and 
GraphPad Prism 8.0.2. A 2-sided P value of ≤ 0.05 was designated 
statistically significant



RESULTS



Characteristics of the study population

• After the initial exclusion step, 42,599 eligible participants were 
included for further analysis (Figure 1). Of these, 7,607 (17.86%) 
participants had FP according to the sex- and age-specific 95th 
percentile upper limit of IPFD in healthy participants.



Figure 2 presents comparisons of IPFD and the prevalence of FP between sexes 

and ages. A trend of increasing FP prevalence was observed with advanced age 

in both males and females







Associations of IPFD with pancreatic 
diseases

• Participants with higher IPFD levels had an elevated cumulative risk 
of developing pancreatic diseases (Table 3 and Figure 3).









Subgroup and sensitivity analyses





Subgroup and sensitivity analyses

• Subgroup analyses were conducted according to age, sex, BMI, 
central obesity, smoking and drinking status, history of gallstones, and 
the use of lipid-lowering or glucose-lowering drugs (Figure 5). 
Compared with participants with central obesity, IPFD had a higher 
HR for AP in participants without central obesity (P for interaction 5 
0.006). There was no interaction between a history of gallstones and 
IPFD in relation to any specific pancreatic disease; however, it had a 
significant interaction with all pancreatic diseases. In the sensitivity 
analysis, the results remained consistent for AP and DM but exhibited 
instability for PC



DISCUSSION

• This is currently the largest prospective, population-based study on 
clinical relationships of increased IPFD. 

• The prevalence of FP was 17.86% in a population of 42,599 
participants from the UK Biobank, a database collection from the 
general population. Fat in the pancreas was significantly associated 
with the development of new-onset diseases of the exocrine and 
endocrine pancreas.



• In addition, we used a deep learning–based method of abdominal organ 
segmentation (nnUNet) to automatically calculate the average IPFD for the 
entire pancreas.

• However, this region of interest–based approach has its limitations because 
it may introduce selection bias and may not fully reflect overall changes in 
the pancreas. In addition, this method relies heavily on manual operations, 
making it challenging to apply in large-scale studies. By contrast, the use 
of nnUNet, a deep learning–based tool, offers several advantages for 
measuring IPFD. First, it allows for automated segmentation of the 
pancreas, minimizing the potential bias introduced by manual delineation. 
Second, nnUNet has demonstrated high accuracy in segmentation tasks 
and has been widely adopted in various research fields



• Considering the distinct sex differences in IPFD, we used sex and 
age-specific upper limit of normal, resulting in an FP prevalence of 
17.86%. To date, only a few studies have reported the distribution of 
IPFD and the prevalence of FP in the general population. 



• The most reliable data were from MRI examinations of 685 Hong
Kong adults , using the 95th percentile of IPFD in healthy individuals 
as the upper limit of normal, with an FP prevalence of 16.1%, similar 
to our results. In the same age group, males have higher levels of 
IPFD. When using sex- and age-specific thresholds as diagnostic 
criteria, both sexes show an increasing trend with age. 



• In another meta-analysis covering 11 cohorts (including 12,675 
individuals), the prevalence of FP in populations with various 
metabolic disorders can reach 33%. With the increasing prevalence 
of metabolic disorders such as obesity and dyslipidemia, the incidence
rate of FP may also gradually increase .



• Our study was the first prospective longitudinal cohort to investigate 
the association between increased IPFD and risk of AP in the general 
population.



• This study also found a consistent association between elevated IPFD 
and an increased risk of DM, consistent with previous studies



limitations in this study

• First, the UK Biobank database, in itself, has certain limitations, 
including a limited response rate to recruitment invitations 
(approximately 5%), which may introduce potential self-selection bias 
among the study participants. It is important to acknowledge that most 
participants who were enrolled were predominantly white and older 
than 45 years. Further studies on clinical relationships of increased 
IPFD with pancreatic diseases should be conducted in populations of 
different ages and ethnicities to gain a more comprehensive 
understanding of its distribution in the population. 



limitations in this study

• In addition, ICD codes were used for diagnosis; however, they were 
primarily designed for billing and administrative purposes and may be 
subject to miscoding because of human error. Second, the median 
follow-up time in this study was only 4.61 years (interquartile range 
3.77–5.98 years), which may not be sufficient to fully demonstrate the 
impact of IPFD. Thirdly, the IPFD data in this study were based on a 
single time point. One study showed that short-term training can 
effectively reduce ectopic fat in the pancreas and exercise training may 
therefore reduce the risk of type 2 diabetes .



• Fortunately, the UK Biobank is a long-term follow-up population



• FP is a common pancreatic disorder. Fat in the pancreas is an 
independent risk factor for diseases of both the exocrine pancreas and 
endocrine pancreas.




