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Gender-specific correlations between D
serum lipid profiles and intra-pancreatic fat
deposition: a cross-sectional study
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Abstract

Background Intra-pancreatic fat deposition (IPFD) is linked to metabolic and pancreatic diseases. MRI, while precise,
is not cost-effective for routine IPFD screening, highlighting the need for accessible biomarkers. This study aims to
analyze the relationships among serum lipid profiles, lipoprotein ratios, and IPFD, with a focus on sex differences.

Methods Data from adults at the Affiliated Hospital of Guizhou Medical University between 2018 and 2019 were
analyzed. The subjects underwent routine Siemens 64-slice spiral CT scans, and IPFD was quantified via a quantitative
computed tomography post-processing station. Lipid panel components were analyzed in the fasted state. Linear
regression models stratified by gender were applied to evaluate these associations.

Results The study included 1,046 participants after exclusions, with significant sex differences found in the
correlations between serum lipids, lipoprotein ratios, and IPFD. In females, remnant cholesterol was strongly
associated with total IPFD (R2=0.155, P<0.001), and similarly strong correlations existed with fat deposition in the
pancreatic head (R?=0.124, P=0.003), body (R*=0.102, P=0.001), and tail (R?=0.146, P=0.005). Total cholesterol was
also positively correlated with IPFD in females, particularly with the total IPFD (R?=0.145, P=0.002) and IPFD in the
pancreatic head (R*=0.177, P=0.003) and body (R?=0.100, P=0.001). In males, triglycerides were notably correlated
with IPFD in the tail (R?=0.200, P=0.045), but not in other regions. Similarly, total cholesterol was correlated with
IPFD in the tail (R*=0.197, P=0.041). Additionally, in males, the triglyceride/high-density lipoprotein cholesterol ratio
showed a positive association with tail fat deposition (R*=0.200, P=0.033).

Conclusion Significant differences between genders were evident in the correlations of serum lipids and lipoprotein
ratios with IPFD. In women, remnant cholesterol was strongly correlated with IPFD, suggesting its potential as a
biomarker.
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Introduction

Over the past decade, intra-pancreatic fat deposition
(IPED) has garnered significant research interest and
is now recognized as a critical ectopic fat characteristic
linked to the rising incidence of metabolic and pancre-
atic disorders [1]. IPFD is linked to, at minimum, a two-
fold increase in diabetes risk [2]. Moreover, IPFD plays a
pivotal role in developing pancreatic exocrine diseases,
encompassing pancreatic tumors, acute pancreatitis, and
chronic pancreatitis, along with their consequences, such
as pancreatic exocrine insufficiency and diabetes exo-
crine pancreatic (DEP) [3-5]. Various imaging methods,
such as ultrasound, CT, and MRI, are routinely employed
to assess IPFD. Conventional ultrasound is widely acces-
sible but can only provide a semiquantitative analysis,
and its effectiveness is hindered by the retroperitoneal
position of the pancreas and intestinal gas [6]. MRI is the
most accurate method for quantifying IPFD but is time-
consuming and costly [7, 8]. CT is reliable and accurate
but involves significant radiation exposure [9]. Thus,
there is a pressing need to develop cost-effective, precise,
and easily accessible blood-based biomarkers for IPFD to
enable early detection of high-risk individuals.

The serum lipid is among the commonly acquired set of
blood parameters in routine clinical practice. A 2017 sys-
tematic review of IPFD biomarkers revealed correlations
between IPFD and lipid metabolism markers, including
low-density lipoprotein cholesterol (LDL-C), high-den-
sity lipoprotein cholesterol (HDL-C), and triglycerides
(TG) [10]. Total cholesterol (TC) was examined in rela-
tion to IPFD in five studies [11-15]. Remnant cholesterol
(RC) has come under focus due to its link with cardio-
vascular disease, with Skudder-Hill et al. [16] finding a
notable correlation between RC and IPFD. Serum protein
ratios such as TG/HDL-C and TC/HDL-C are strongly
linked to insulin resistance [14, 17], which was linked to
intra-pancreatic fat deposition by Patel et al. [18]. These
results indicate a possible link between the serum lipo-
protein ratio and IPFD.

Nadarajah et al. [19] studied the relationship between
pancreatic fat deposits in different sites with T2DM and
showed that increased fat deposits in the tail of the pan-
creas identified patients at risk for T2DM. This indicates
that fat deposition in different regions of the pancreas
might have distinct effects.

Most previous studies focused on the relationship
between lipid profiles and total IPFD and did not explore
potential sex differences in these associations. Therefore,
the aim of this study was to investigate the relationships
between serum lipid profiles, lipoprotein ratios, and fat
deposition in different regions of the pancreas, with a
specific focus on sex-based differences.
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Methods

Object of study

Participants were adults who underwent abdominal CT
scans during the 2018-2019 physical examination cohort
in the Affiliated Hospital of Guizhou Medical Univer-
sity. The exclusion criteria included chronic liver disease;
acute or chronic pancreatitis; prior weight loss surgery;
malignancy; the use of medications affecting body weight
or metabolism; engagement in dieting, exercise, or
weight-loss medications in the preceding 6 months; preg-
nancy or lactation; and contraindications to quantitative
computed tomography (QCT), such as implants, metals,
or other foreign objects at the measurement site.

Measurements

All measurements in this research were performed by
skilled nurses. Human body measurement data, includ-
ing height (cm), weight (kg), diastolic blood pressure
(mmHg), and systolic blood pressure (mmHg), were
accurate to one decimal place. Weight and height were
used to calculate body mass index (BMI).

QCT imaging technique

The subjects underwent routine upper abdomen
CT scans using a Siemens SOMATOM Definition
AS+64-row spiral CT scanner with a Mindways QCT
phantom (CT calibration phantom). Prior to scanning,
the subjects fasted for 4—6 h, were provided with water,
remained conscious, and received training. During the
scans, the subjects were supine and held their breath
to complete the scan in one position. The scan settings
included a bed height of 135 cm, a pitch of 0.5, a tube
voltage of 120 kV, a current of 200 mA, a fixed milliam-
pere-second, a tube rotation speed of 0.5/s/circle, a scan
pitch of 0.5, a default window set to 400 HU in width and
positioned at 40 HU for the original image, and detector
collimation of 128 0.6 mm. After the scan was complete,
the raw abdominal CT data were reconstructed using the
B30f medium smooth soft tissue algorithm. An image
using thin layer reconstruction with a thin layer of 1 mm
thickness, 1 mm spacing, and a DFOV of 500 mm was
uploaded to the QCT post-processing workstation via a
Siemens film reading workstation from Germany. Next,
mapping the pancreas’s region of interest (ROI). First, the
pancreas was divided into three parts using the superior
mesenteric vein as an anatomical landmark. The pan-
creatic head region was defined as the pancreatic tissue
located to the right-hand side of the superior mesenteric
vein, near the duodenal bulb. The pancreatic body and
tail were distinguished by dividing the pancreatic tissue
on the left side of the superior mesenteric vein into two
equal parts, with the portion closer to the spleen desig-
nated as the pancreatic tail and the remainder designated
as the pancreatic body [20]. Subsequently, the pancreatic
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BMD was assessed using the lumbar spine method, with
ROIs positioned over the pancreatic head, body, and tail,
excluding surrounding tissues. Each ROI was 100-140
mm?, with an average of three measurements per region.
To quantitatively measure liver fat, ROIs were set up on
the section where the liver is entered by the right branch
of the portal vein. Three circular ROIs were plotted on
the left, right anterior, and right posterior lobes, covering
an area of approximately 243 square millimeters. Clear
avoidance of prominent blood vessels and bile ducts was
maintained. The field homogeneity correction value,
associated BMD values, and calibration slope from three
assessments in the QCT Pro software database were
exported. The measurement data were independently
collected by two experienced radiologists (Fig. 1). QCT
assessments of liver and pancreatic tissue, acquired using
the Mindways spinal module software, were converted
into fat percentage values using the method by Xiao-
guang Cheng et al., following Eqs. [21-23]:

v Huloan ancreas Hu ancreas
Yofatpancreas = L L x 100%
pancreas
Hule'(mpan(:reas — HUfat
/0 Huleanliver - Huliver y
Yofatiiver = =~ x 100%

Hulcanlivcr - Hufat

The HUjy,, and HU,,, s represent the radioden-
sity measurements within the hepatic and pancreatic
ROIs, which were transformed from bone mineral den-
sity (BMD) readings into radiodensity metrics using
Mindways QCT Pro calibration. HUg,, HU, ., jiyer and
HUjean pancreas T€Present, respectively, the attenuation
measurements for 100% fat, lipid-free hepatic tissue, and
lipid-free pancreatic tissue. Their values were calculated
based on the base set equivalent densities of dipotassium
hydrogen phosphate (K2HPO4) and water for adipose
and fat-free tissues and using scan calibration data from
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the QCT Pro software to adjust for tube voltages and dif-
ferences in beam hardening from person-to-person.

The Tissue Composition Module in QCT Pro was used
to image the cross-sectional level of the L2/L3 interverte-
bral space, and automatically calculated the SAT and VAT
areas (cm?) after thresholds were set with AutoSnake.

Laboratory measurements

The participants underwent an 8—10 h fast before their
blood was sampled. TG, TC, LDL-C, and HDL-C were
assessed using a Roche Cobas 8000 analyzer, and RC
was calculated as RC=TC-HDL-C-LDL-C [24]. Fasting
plasma glucose was assessed via a hexokinase colorimet-
ric assay.

Statistical analyses

Parameters exhibiting near-normal or normal distribu-
tions were represented as the average * standard deviation
(X+SD). Non-normally distributed data were character-
ized as the interquartile range and median (IQR/median).
Initial characteristics were compared between male and
female participants using the Mann-Whitney U test for
continuous variables. Linear regression analysis was used
to assess the impact of serum lipid profiles and lipopro-
tein ratios on IPED, with findings reported as R* values,
B coefficients, standard errors, and P values. The analyses
included three parity categories: Model I, an unadjusted
model; Model II, adjusted for age, BMI, and fasting blood
glucose; and Model III, which included Model II adjust-
ments and additional adjustments for diastolic and sys-
tolic blood pressures and fat deposition in the visceral,
subcutaneous, and liver regions. All the statistical evalu-
ations were performed using SPSS version 25.0, with the
significance threshold set at P<0.05.

Fig. 1 QCT measurement of pancreatic fat. In a, the area circled in blue represents the ROI for the pancreatic head; in b, the area circled in blue represents
the ROI for the pancreatic body; in ¢, the area circled in blue represents the ROI for the pancreatic tail
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Results

Baseline characteristics

The initial cohort consisted of 1,620 participants meet-
ing the eligibility criteria, with 574 excluded because of
incomplete lipid panel data. Among the remaining 1,046
participants, 671 were male and 375 were female. Both
groups averaged 50 years of age and had similar levels of
LDL-C, TC, subcutaneous fat, and fat deposition in the
pancreatic body and tail. Compared with women, men
had a significantly greater BMI, fasting glucose level,
TG level, RC level, TC/HDL-C ratio, visceral fat area,
liver fat deposition (P<0.001), as well as systolic pres-
sure (P=0.029), diastolic pressure (P=0.030), total intra-
pancreatic fat deposition (P=0.022), and intra-pancreatic
head fat deposition (P=0.007). Conversely, women had
higher HDL-C levels (P<0.001) and TG/HDL-C ratios
(P<0.001) (Table 1).

Associations between serum lipid profiles and serum
lipoprotein ratios with IPFD in males

In the male cohort, no meaningful associations were
observed between TG and total IPFD or fat deposition in
the pancreatic head or body in the final adjusted model.
However, TG exhibited a positive correlation with IPFD
in the tail across all models (Model I: R>=0.027, P<0.001;
Model 1I: R*=0.095, P=0.002; Model III: R*=0.200,
P=0.045). TC showed no significant association with
total IPFD or fat deposition in the pancreatic body. A
significant interaction between TC and fat deposition in
the pancreatic head was observed in Model I, although
this association was not significant in Models II and III.

Table 1 Participant characteristics
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However, TC exhibited a positive correlation with fat
deposition in the pancreatic tail across all models (Model
I: R*=0.008, P=0.007; Model II: R*=0.087, P=0.034;
Model III: R*=0.197, P=0.041). When exploring the TG/
HDL-C ratio link to IPFD, similar results were observed.
The TG/HDL-C ratio did not show a significant link
with total IPFD or fat deposition in the pancreatic head,
or body in the final model, although it exhibited a posi-
tive correlation with fat deposition in the pancreatic tail
across all models (Model I: R”?=0.024, P<0.001; Model II:
R2=0.095, P=0.002; Model III: R2=0.200, P=0.033). RC
showed no significant correlation with total IPFD or fat
deposition in the pancreatic head, body;, or tail in the final
model. Similarly, the TC/HDL-C ratio showed no signifi-
cant association with the total IPFD or fat deposition in
the head, body, or tail of the pancreas in the final model.
Finally, LDL-C showed no significant correlation with
total IPFD, or with fat deposition in the pancreatic head,
body, or tail across all models (Table 2).

Associations of serum lipid profiles and serum lipoprotein
ratios with IPFD in females

In the female cohort, TC was consistently associated with
IPFD in all models (Model I: R*=0.030, P=0.001; Model
II: R?=0.049, P=0.007; Model III: R?>=0.145, P=0.002),
and with fat deposition in the head (Model I: R*=0.026,
P=0.002; Model II: R?=0.033, P=0.007; Model III:
R?=0.177, P=0.003) and body of the pancreas (Model I:
R*=0.032, P=0.001; Model II: R*=0.051, P=0.002; Model
III: R?=0.100, P=0.001). However, no association was
found between TC and fat deposition in the pancreatic

Characteristics Male(N=671) Female(N=375) p

Age, year 50£13 5011 0.893
BMI, kg/m2 250+3.1 239431 <0.001
Fasting plasma glucose, mmol/L 569+1.99 520+1.50 <0.001
Systolic pressure, mmHg 96+60 87+63 0.029
Diastolic pressure, mmHg 59+37 54+39 0.030
TG, mmol/L 235+1.76 1.64+1.51 <0.001
TC, mmol/L 484+1.02 490+ 1.00 0.339
HDL-C, mmol/L 1.16+0.31 148+0.40 <0.001
LDL-C, mmol/L 3.01+£0.86 3.04£1.03 0.729
RC, mmol/L 0.67+0.81 0.39+0.98 <0.001
TC/HDL-C 4414152 3.58+1.68 <0.001
TG/HDL-C 143+240 2384248 <0.001
Visceral fat area, cm2 182+80 162+76 <0.001
Subcutaneous fat, cm?2 106+48 100+ 46 0.054
Liver fat deposition, % 14+7 12+6 <0.001
Total intra-pancreatic fat deposition, % 7.1+46 6.5+4.2 0.022
Intra-pancreatic head fat deposition, % 70+57 6.1+49 0.007
Intra-pancreatic body fat deposition, % 76+6.2 70+54 0.129
Intra-pancreatic tail fat deposition, % 6.7+43 6.3+43 0.119

TG, triglycerides; TC, total cholesterol; RC, remnant cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; BMI, body

mass index
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tail. RC exhibited a positive correlation with total IPFD
across all models (Model I: R?=0.056, P<0.001; Model
II: R*=0.081, P<0.001; Model III: R*=0.155, P<0.001).
RC also showed a significant correlation with fat deposi-
tion in the head of the pancreas in all models (Model I:
R*=0.042, P<0.001; Model II: R*=0.055, P<0.001; Model
III: R?=0.124, P=0.003), and with fat deposition in the
pancreatic body (Model I: R*=0.045, P<0.001; Model II:
R*=0.067, P<0.001; Model III: R*=0.102, P=0.001) and
tail (Model I: R*=0.037, P<0.001; Model 1I: R*=0.067,
P<0.001; Model III: R?=0.146, P=0.005). In contrast, TG
showed no significant correlation with total IPFD or with
fat deposition in the head, body, or tail of the pancreas
in the final adjusted model. HDL-C showed no signifi-
cant correlation with total IPFD or with fat deposition in
the head or body of the pancreas in any of the models.
A negative correlation between HDL-C and fat deposi-
tion in the pancreatic tail was observed in Model I, but
this was not evident in the other two models. Similarly,
LDL-C showed no significant correlation with total IPFD,
or with fat deposition in the pancreatic head, body, or
tail in any model. Consistently, the TC/HDL-C and TG/
HDL-C ratios demonstrated no significant links to total
IPFD or fat deposition in the pancreatic head, body, or
tail in the final adjusted model (Table 3).

Discussion

This extensive QCT study on IPFD included over a
thousand participants, adjusted for eight covariates,
and included gender-specific analyses. Lipid panel cor-
relations with intra-pancreatic fat deposition were more
pronounced in women than in men. In men, relation-
ships with intra-pancreatic fat deposition were notable
only in the pancreatic tail with TC, TG, and TG/HDL-C,
whereas in women, both TC and RC were positively cor-
related with IPFD, with RC more closely related to IPFD.
There were no notable associations involving TG, HDL-
C, LDL-C, or the TC/HDL-C ratio in either gender. Nota-
bly, the relationships between lipid panel parameters
and fat deposition in different pancreatic regions were
not consistent, regardless of sex. In a cross-sectional
study involving 348 individuals, Skudder-Hill et al. [16]
used MRI to measure IPFD and indicated that the asso-
ciation between lipid panel parameters and fat deposition
in different intra-pancreatic regions was inconsistent.
This variability in the relationships between lipid panel
parameters and regional intra-pancreatic fat deposition
may stem from the heterogeneous distribution of intra-
pancreatic fat deposition, which includes both intra-
lobular fat (such as in endocrine and acinar cells) and
interlobular fat [22]. By further emphasizing this point,
Begovatz et al. [25] observed that intra-pancreatic fat
deposition in certain regions of the pancreas produced
an uneven distribution of adipose tissue infiltration.
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In the pooled data, RC emerged as the strongest pre-
dictor of IPFD in women. For RC with total IPFD, the
final adjusted R? was 0.155; with intra-pancreatic head
fat deposition, the final adjusted R*> was 0.124; with
intra-pancreatic body fat deposition, the final adjusted
R? was 0.102; and with intra-pancreatic tail fat deposi-
tion, the final adjusted R* was 0.146. The positive corre-
lation between RC and IPFD was first corroborated in a
cross-sectional analysis by Skudder-Hill et al. [16], where
the participants had an average age of 50 years, which
was very similar to this study population; however, there
was no differentiation in the population by sex, and the
present study fills this gap. Therefore, insulin resistance
may have a mediating role in the link between RC and
IPFD, as demonstrated by Vargas-Vazquez et al. [26] in
a cross-sectional analysis involving 16,201 nondiabetic
participants, in which RC was shown to influence car-
diovascular mortality by enhancing systemic insulin
sensitivity. Furthermore, Patel et al. [18] found in a case-
control analysis that insulin resistance was positively cor-
related with intra-pancreatic fat deposition, leading to
the hypothesis that remnant cholesterol may influence
intra-pancreatic fat deposition by affecting insulin resis-
tance. In males, however, there was no significant corre-
lation between remnant cholesterol and intra-pancreatic
fat deposition, and the underlying causes of this sex dif-
ference remain unknown. This may be due to hormonal
differences, but the underlying mechanisms need further
research.

There is significant controversy surrounding the asso-
ciation between TC and IPFD. This study revealed a
positive link between TC and IPFD, in line with with the
findings of the cross-sectional study by Dong Zhi et al.
[11], which involved 83 participants. However, Dong Zhi
et al’s study focused on individuals with impaired glu-
cose tolerance or type 2 diabetes, whereas the research
in this study expanded to a broader population. In a
separate investigation by Singhet et al. [13], the asso-
ciation between IPFD and lipid metabolism markers was
examined in healthy individuals without obesity, and no
notable correlation between the TC level and IPFD was
found. Notably, that study involved only 23 participants.
Additionally, Skudder-Hill et al. [16], in a cross-sectional
analysis comprising 348 participants, reported no signifi-
cant association between TC and IPFD, but there was no
adjustment for visceral fat, which has been shown to be
strongly correlated with IPFD [27]. The present study is
more comprehensive than the aforementioned, both in
terms of participant numbers and adjustments for con-
founding factors.

In addition, this study revealed a positive correlation of
TG with intra-pancreatic tail fat deposition in men. Skud-
der-Hill et al. [16] identified a positive correlation linking
TG and IPED; Singhet al. [10], in a meta-study involving
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17 parameters and 11,967 participants, reported a posi-
tive correlation between TG and IPFD. Hypertriglyceri-
demia was the most common metabolic abnormality and
was strongly associated with the state of insulin resis-
tance. Therefore, TG, similar to RC, may affect intra-
pancreatic fat deposition by influencing insulin resistance
[28, 29]. Notably, the present study was stratified by gen-
der, showing that triglycerides were related to IPFD in
men but not in women. This suggests that the inconsis-
tency in results between sexes may be due to metabolic
differences between the sexes.

The TG/HDL-C ratio was also observed to have a
positive correlation with fat deposition in the pancreatic
tail in men. Notably, in Singh et al’s study on a healthy
non-obese population, no association between the two
was reported, whereas a positive correlation in a popu-
lation with previously diagnosed with acute pancreatitis
was reported. Research by Singh et al. suggested that the
association of the TG/HDL-C ratio with intra-pancre-
atic fat deposition varied across different populations
[13]. The study is the initial study in which a positive
correlation was found linking the TG/HDL-C ratio and
fat deposition in the tail of the pancreas in males. This
may be mediated by insulin resistance, although further
experiments are needed to verify this [17].

Study strengths and limitations

This research represents the first comprehensive explo-
ration of associations among serum lipid profiles, lipo-
protein ratios, and IPFD, with an emphasis on sex
stratification. QCT was used to measure pancreatic fat.
Histopathological examination has long been regarded
as the benchmark for quantifying pancreatic fat. How-
ever, because of its deep-seated pancreatic location,
biopsy poses significant health risks and has a high risk
of sampling errors, making it unsuitable for routine
clinical application. Among various imaging modali-
ties, MRI is currently recognized as the most accurate
and widely used method. The recently developed MRI
mDIXON Quant offers several advantages, such as being
non-invasive, fast, and capable of single-shot imaging,
and has demonstrated good consistency when com-
pared to biopsy and phantom models [30, 31]. However,
its lengthy process and high expense restrict its broader
clinical application Yao Wenjun et al. [32] conducted a
Pearson analysis that showed a strong link between QCT
and the MRI mDIXON Quant for quantifying pancre-
atic fat content, with »=0.805 (P<0.0001). Some limita-
tions must be acknowledged: the cross-sectional design
prevents establishing causality, and the predominantly
Asian sample population could restrict the generaliza-
tion of the findings across diverse populations. There-
fore, cohort studies with diverse populations are needed
to validate these findings. In this study, individuals
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taking weight- and metabolism-modifying medications
and those who had lost weight through diet or exercise
were excluded, potentially restricting the applicability of
the findings. Additionally, previous research has dem-
onstrated that individuals having type 2 diabetes exhibit
reduced pancreatic density compared to controls [33, 34],
and because a lower density correlates with increased
fat content, this confounding factor is significant for this
study. However, because the population in this study con-
sisted of healthy individuals undergoing routine check-
ups, diabetes history data were not available.

Conclusion

In this study, sex differences in the association between
serum lipids, lipoprotein ratios, and IPFD were clearly
observed. In males, the correlations between serum lip-
ids, lipoprotein ratios, and IPFD were limited to the
pancreatic tail, involving TC and TG levels and the TG/
HDL-C ratio, but these correlations were relatively weak.
In females, RC and TC levels were associated with IPFD,
and the relationship with RC was more pronounced. This
finding highlighted the important role of RC in female
IPED, indicating RC may serve as a new marker in early
detection and prevention of female IPFD.
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