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Effects of aging and menopause on pancreatic fat
fraction in healthy women population
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Abstract
Pancreatic fat fraction has been shown to increase in many pathological situations. However, pancreatic fat fraction and its
physiological changes in healthy women are still unclear. The aim of this study is to investigate the effect of aging and menopause on
pancreatic fat fraction in healthy female population.
This was a cross-sectional study. A phantom of fat–water mixtures was established. One hundred sixty-seven healthy women (20–

70 years) were recruited. Fat fraction was quantified with double-echo chemical shift magnetic resonance imaging with T1 and T2∗
correction. The association between measured and actual fat fractions was determined with Pearson correlation. Linear regression
analysis was used to establish the calibration curve. Fat fractions were analyzed via analysis of variance.
A significant positive linear correlation was revealed between the measured and actual fat fractions on the phantom (r2=0.991,

P< .001). There was no significant difference in fat fractions among caput, corpus, and cauda of the pancreas. Pancreatic fat fraction
remained constant during the age of 20 to 40 years (4.41±0.79%) but significantly increased during the ages of 41 to 50 and 51 to 70
years (7.49±1.10% and 9.43±1.51%, respectively, P< .001). Moreover, pancreatic fat fractions of the healthy women aged 41 to
70 years were still significantly higher than these in the groups aged 20 to 40 years when postmenopausal healthy women were
removed (P< .001). For volunteers aged 46 to 49 years, pancreatic fat fraction of the postmenopausal women was significantly
increased compared with that of their premenopausal counterparts (P< .001).
We found that an even distribution of pancreatic fat in healthy women, aging and menopause as 2 independent risk factors for

pancreatic steatosis, a fatty infiltration in the pancreas beginning in the fifth decade in women.

Abbreviations: ANOVA = analysis of variance, BMI = body mass index, CI = confidence interval, CSI = chemical shift magnetic
resonance imaging, CT= computed tomography, CV = coefficient of variation, FFs= fat fractions, GRE= gradient echo, HIV/AIDS =
Human immunodeficiency virus/Acquired Immune Deficiency Syndrome, IDEAL-IQ = iterative decomposition of water and fat with
echo asymmetry and least squares estimation quantification sequence, IP = in-phase, MR =magnetic resonance, MRS =magnetic
resonance spectroscopy, OP = opposed-phase, ROI = region of interest, SD = standard deviation, SI = signal intensity, TE = echo
time, TR = repetition time, yrs = years.
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1. Introduction while diffuse pancreatic deposition has been observed in old age,
The pancreatic fat content has been demonstrated to increase
under various conditions. Focal fatty filtration in the pancreas has
been reported in chronic pancreatitis, obesity, metabolic
syndrome, steatohepatitis, cystic fibrosis, and pancreatic cancer,
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non-alcoholic fatty liver disease, and alcoholic pancreatic
steatosis.[1–13] Ectopic fat accumulation in the pancreas may
inhibit the secretion of pancreatic insulin and digestive
enzymes,[14,15] resulting in diabetes mellitus,[15] steatorrhea,[16]

and malabsorption.[17] Consequently, pathological pancreatic
lipomatosis has received substantial attention.[14–18] However,
relatively few studies have investigated normal pancreatic fat
content and distribution in a healthy population. In our previous
study, fat content and an even fat distribution in healthy male
pancreata were reported.[19] Moreover, aging was shown as an
independent risk factor for pancreatic steatosis in healthy male
population.[19] But these data from a healthy men population
could not represent those of healthy women because sex
hormones were found to act on the pancreas, and data regarding
pancreatic fat fractions in healthy women may be different.[20–22]

Unfortunately, no studies clarifying the fat fraction and
distribution in healthy women pancreata as well as the influence
of age and menopause have been published.
Currently, double-echo chemical shift magnetic resonance

imaging (CSI) is commonly used for noninvasive quantification of
pancreatic fat content in clinical practice because of its quickness
and convenience.[23–25] Although the accuracy of double-echo
CSI is susceptible to T1 and T2

∗
relaxation effects, the influences
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Table 1

The inclusion and exclusion criteria for enrollment.
Inclusion criteria
Age: 20–70 yrs; sex: female; BMI: 18–25kg/m2; waist circumference: <80cm

Exclusion criteria
History of increased or excess alcohol intake (>20g/d for at least 1 yr)
Severe cardiac or pulmonary diseases, renal dysfunction, HIV/AIDS, severe autoimmune diseases, malignant tumors, ascites, tuberculosis, diabetes, pre-diabetes,
claustrophobia, depression, or anxiety
Recent (3 mo) changes in weight (≥5%)
Pancreatitis or other pathological pancreatic changes identified via MR examination (e.g., tumors and pancreatic pseudocysts)
Cirrhosis, hepatitis, inherited metabolic disorders of the liver, vascular diseases of the liver, portal hypertension, hepatic cysts, or post-liver transplantation
Gallstone disease, cholecystitis, cholangitis, Sphincter of Oddi disease, or extrahepatic bile duct tumors
Peptic ulcer, atrophic gastritis, dysplasia, hypertrophic gastropathy, or radiation of gastroenteritis
Medication, history or current use of glucocorticosteroids, insulin, and/or thiazolidinediones, surgeries of the digestive system, or pancreatic enzyme or proton pump inhibitor
therapy in the 3 months prior to enrollment
Chronic infectious diarrhea, inflammatory bowel disease, bacterial overgrowth, short bowel syndrome, sprue, Whipple disease, food allergies, eosinophilic gastroenteritis,
intestinal obstruction, or ischemic lesions of the bowel
Medication, history or current use of estrogens, progestogens, contraceptive, androgens, estrogen antagonists, and/or gonadotropin releasing hormone agonist (analogue)
Gynecologic neoplasms, gestational trophoblastic disease, female reproductive endocrine disease, or female reproductive organ dysplasia
History of treatment-induced menopause: bilateral ovariectomy, chemotherapy, or radiotherapy

BMI=body mass index, HIV/AIDS=human immunodeficiency virus/acquired immune deficiency syndrome, MR=magnetic resonance.
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could be minimized by the T1 and T2 correction. Several
studies showed that there was a significant correlation between
CSI and histopathological findings.[2,19,26,27] Moreover, the
accuracy of double-echo CSI was found comparable to that of
magnetic resonance spectroscopy (MRS) after T1 and T2

∗

correction.[25] MRS is regarded as the reference standard for the
noninvasive quantification of fatty liver.[28] However, its time-
consuming shimming and requirement for high homogeneity of
the magnetic field make MRS inconvenient in routine clinical
applications.[19] Moreover, because the pancreas is much smaller
and thinner than the liver, the region of interest (ROI) of the
pancreas can not be set large enough, which make the accuracy of
MRS is susceptible to the effects of respiratory interference and
homogeneity of the magnetic field and limit its application in
pancreatic fat quantification.[19] In addition, Multi-Echo 3D
GRE (gradient echo) and IDEAL-IQ (iterative decomposition of
water and fat with echo asymmetry and least squares estimation
quantification sequence) could compensate for T1 and T2

∗

relaxation effects whichwould lower the accuracy of double-echo
CSI.[25] However, the clinical applications of Multi-Echo 3D
GRE and IDEAL-IQ are still relatively less because they can only
be used on certain magnetic resonance (MR) scanners with
specific sequence.[25]

In the present study, we aimed to investigate the effects of aging
and menopause on pancreatic fat fraction in healthy women
population by using double-echoCSI with T1 and T2

∗
correction.
Table 2

Participants distributed according to age and menopausal status
(n=167).

Age, yrs Premenopausal (n) Postmenopausal (n) Total

20–40 79 0 79
20–30 38 0 38
31–40 41 0 41
41–50 36 7 43
51–70 2 43 45
20–70 117 50 167
2. Methods

2.1. Volunteers

This study was a cross-sectional study from January 2015 to July
2017 in West China Hospital of Sichuan University. This study
was approved by the Chinese Clinical Trial Registry Clinical Trial
Ethics Committee (registration number: ChiCTR-CCH-
00000147) and the Ethics Committee of West China Hospital
of Sichuan University. Informed consent was obtained from each
participant prior to enrollment. One hundred sixty-seven healthy
women volunteers aged 20 to 70 years were recruited into the
study. The inclusion and exclusion criteria for the participants are
listed in Table 1. The age distribution and menopausal status are
shown in Table 2. Natural menopause was retrospectively
2

diagnosed following 12 months of amenorrhea. The body mass
index (BMI) was calculated as the weight (kg) divided by the
square of the height (m2). The BMI of all participants was within
the normal range (18–25kg/m2).
2.2. Construction of a fat–water mixture phantom

According to Namimoto et al,[29] a fat–water mixture phantom
was created with distilled water and 30% fat emulsion (intralipid,
Sino-Swed Pharmaceutical Corp. Ltd., Beijing, China). The 30%
intralipidwas subsequently reconstituted to 15 dilutions (0%, 1%,
2%,3%,4%,5%,6%,7%,8%,9%,10%,11%,12%,13%, and
14%) with distilled water in a 90mL plastic vial, which was
immersed in a water bath containing sodium chloride solution.
2.3. CSI technique

Imaging of the participants and the fat–water mixture was
performed on a 3.0-T MR scanner (MAGNETOM Skyra,
Siemens Healthcare, Erlangen, Germany) using double-echo CSI
method with the parameters published by Yuan et al.[25] In-phase
(IP) and opposed-phase (OP) images were obtained via a T1-
weighted two-dimensional spoiled double-echo gradient-echo
sequence with the following parameters: repetition time (TR)/
echo time (TE): 80/2.46ms for IP images and 80/1.23ms for OP
images; flip angle: 50°; number of slices: 24; slice thickness: 5.0
mm; matrix size: 352�286; field of vision: 415�335mm2; and
scan time: 15seconds in a single breathhold. Equal T2

∗
of fat and

waterwas estimated by amulti-echo spoiled gradient-echo sequence
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with the following parameters: TR: 9.15ms; TEs: 2.46, 3.69, 4.92,
6.15, and 7.38ms; flip angle: 4°; number of slices: 24; section
thickness: 5mm; matrix size: 160�95; field of vision: 420�315
mm2; and scan time: 13seconds in a single breathhold. The
volunteers underwent epigastric transverse scanning in the supine
position. A respiratory belt was used tomonitor the breathing cycle.
All thepatients received respiratory trainingbeforeMRscan.AllCSI
studies were performed by an experienced technician. Slices were
selected carefully to avoid large blood vessels, pancreatic duct, and
peripancreatic fat as much as possible.
2.4. Image evaluation

All data were obtained and evaluated using the Siemens Syngo-
imaging workstation. Images were independently reviewed in a
randomized fashion by 2 radiologists with 5 and 10 years of
experience, respectively. The radiologists were blinded to the
clinical data. The signal intensity (SI) in the images was calculated
with an operator-defined ROI in both the IP and OP images. For
each phantom model, ROIs (80–100mm2) were acquired from 3
adjacent sections (one ROI per section). For each volunteer, the
ROIs (40–60mm2) were drawn in the caput, corpus, and cauda of
the pancreas (6 ROIs from 3 different layers per section) and were
carefully placed to avoid the large blood vessels, pancreatic duct,
and peripancreatic fat. Themean pixel SI values for eachROIwere
recorded using the vendor’s software package. The fat fractions
(FFs) were calculated with T1 and T2

∗
corrected using the

following formula (1) to (3)[25,26,30]:

FFT1T2�correction ¼ a�ðSIip�ey � SIop�exÞ
SIip�ey�ðaþ bÞ þ SIop�ex�ðb� aÞ ð1Þ

a; b ¼ sina� 1� e�TR=T1wf

1� cosa�e�TR=T1wf
ð2Þ

ex;y ¼ e�TEip:op=T2� ð3Þ

SIP and SOP indicate the SI in the IP and OP images,
respectively. a indicates the excitation flip angle, w and f indicate
water and fat, respectively.
The fat fractions of the caput, corpus, and cauda of the

pancreas were averaged to determine the mean fat fraction of the
whole pancreas.
2.5. Statistical analysis

All data were expressed as the means± standard deviation (SD)
and were analyzed using SPSS 13.0 software (SPSS, Chicago, IL).
Pearson correlation was used to determine the association
between the fat fractions measured with CSI and the actual value
on the phantom. A linear regression analysis was used to establish
the calibration curve. The pancreatic fat fraction data were
analyzed via one-way analysis of variance followed by Dunnett
T3 test. P< .05 was considered statistically significant.
The sample size was calculated according to the following

formula[19]:

n ¼ ðua=2⋅sÞ=d
� �2
3

s indicates the SD in the population. d indicates the allowable
error. According to the previously published data for healthymen
(s=0.066, d=0.021), the sample size of each group should be at
least 37 when a was set to 0.05.[19]
3. Results

3.1. Phantom study

The MR IP/OP images of the fat–water mixture phantoms were
clear with an even SI (Fig. 1). There was a positive linear
correlation between the calculated and actual fat fractions of the
15 fat–water standard samples (R2=0.991; P< .001) (Fig. 2).
The linear regression equation (P< .001) between the actual ðŶÞ
and calculated fat fractions ðX̂Þ was acquired as follows:

Ŷ ¼ 0:9679X̂ � 3:6064ð3:26 � X � 18:36Þ

The regression equation was used as the calibration curve to
estimate the actual fat fractions.
3.2. Even distribution of pancreatic fat in healthy women

As shown in Fig. 3, pancreatic fat was evenly distributed in the
caput, corpus, and cauda of the pancreas. There was no
significant difference in the fat fractions among the caput, corpus,
and cauda of the pancreas in all age groups (P> .05) (Table 3).

3.3. Effect of age on pancreatic fat fractions in healthy
women

As listed in Table 3, there was no significant difference regarding
the fat fractions in the 3 different pancreatic regions or the whole
pancreas between the 20 to 30 and 31 to 40 years groups (P> .05).
Themean value of the whole pancreatic fat fraction in the 20 to 40
years groupwas4.41±0.79%(95%confidence interval [CI] 4.23–
4.59%; coefficient of variation [CV]=17.91%). However, there
were significant increases in the fat fractions of the 3 pancreatic
regions and the whole pancreas in the 41 to 50 years group
compared with the groups younger than 41 years (P< .001;
Table 3). Themean value of thewhole pancreatic fat fraction in the
healthy women aged 41 to 50 years was 7.49±1.10% (95% CI
7.15–7.83%, CV=14.69%). And the fat fractions in the 3
pancreatic regions and the whole pancreas of the healthy women
aged51 to70yearsweredramatically increased comparedwith the
groups aged 41 to 50, 31 to 40, and 20 to 30 years (P< .001;mean
value 9.43±1.51%; 95% CI 8.98–9.88%; CV=16.01%).
Moreover, the fat fractions in the 3 pancreatic regions and the
whole pancreas of the healthywomen aged 41 to70 yearswere still
significantlyhigher than these in the groups aged20 to30, 31 to40,
and 20 to 40 years when postmenopausal healthy women were
removed (P< .001, Table 4).
3.4. Effect of menopause on pancreatic fat fractions in
healthy women

To determine whether menopause affects the pancreatic fat
fraction, the women aged 46 to 49 years were chosen to make the
ages of the premenopause and postmenopause women compara-
ble. They were divided into 2 groups according to the presence or
absence of menopause. There was no significant difference in age
between the 2 groups. The fat fractions in the 3 pancreatic regions
and the whole pancreas of the postmenopausal healthy women

http://www.md-journal.com


Figure 1. Chemical shift IP/OP MR images of the fat–water mixture phantom. The numbers on the right indicate the concentrations of the corresponding fat
emulsions. IP= in-phase images; OP=opposed-phase images; MR=magnetic resonance.
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(mean value 9.03±0.78%; 95% CI 8.19–9.86%; CV=8.64%)
were significantly increased compared with their premenopausal
counterparts (mean value 7.25±0.60%; 95% CI 6.92–7.59%;
CV=8.27%; P< .001; Table 5) (Fig. 3). Moreover, the
pancreatic fat fraction of the premenopausal healthy women
aged 46 to 49 years was still higher than that of the women
aged 20 to 40 years (7.25±0.60% vs 4.41±0.79%, P< .001)
(Fig. 3).
Figure 2. Scatter plots illustrate the correlation between the calculated and actua
actual fat fractions. The calibration curve for the actual fat fractions originated in

4

4. Discussion

Compared with that of MRS, Multi-Echo 3D GRE, and IDEAL-
IQ, the accuracy of double-echo CSI is more susceptible to T1 and
T2

∗
relaxation effects.[25] But currently, considerable advances

have been made in minimizing the influences by correcting the T1
and T2

∗
relaxation using formulas (1) to (3) as described in the

methods section. In addition, the used phantom is not a perfect
representative for the pancreas mainly due to the different B1
l fat fractions. There is a positive linear correlation between the calculated and
the linear regression equation.



Figure 3. Chemical shift IP/OP MR images of the pancreas in healthy women. Pancreatic fat is indicated as a significant reduction in the signal intensity in the OP
MR images compared with the IP MR images. The features of fatty infiltration in the pancreas begin in the fifth decade of healthy women and are more obvious in the
women after menopause. IP= in-phase images; OP=opposed-phase images; MR=magnetic resonance; yrs=years.
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homogeneity and the influence of the respiratory movement in
patients. Thus, in order to reduce influence caused by breathing
movements, an abdominal belt was used and all the patients
received breath-hold training before MR scan. Moreover, the
pancreas is a retroperitoneal organ, which is less affected by
breathing movement during scanning than the intraperitoneal
Table 3

Pancreatic fat fractions in healthy women (20–70 years).

Pancreatic fat fractions (x ± SD, %)

Age, yrs N Caput Corpus

20–40 79 4.49±0.88 4.46±0.96
20–30 38 4.35±0.85 4.45±0.94
31–40 41 4.63±0.89 4.46±0.98
41–50 43 7.49±1.10

∗
7.53±1.26

∗

51–70 45 9.47±1.70
∗,† 9.37±1.68

∗,†

CV= coefficient of variation, SD= standard deviation.
∗
Versus the 2 age groups before 40 years (P< .001).

† Versus the 3 age groups before 50 years (P< .001).
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organs. Therefore, the phantom used in this study could reflect
the tendency of fat contents of the pancreas related to the age of
women. After correcting T1 and T2

∗
relaxation, the actual fat

fraction could be estimated by the calculated fat fraction and
linear regression equation in the current and previous stud-
ies.[19,25,30,31]
Cauda Whole CV (%)

4.28±0.83 4.41±0.79 17.91
4.18±0.89 4.33±0.82 18.93
4.37±0.77 4.49±0.76 16.92
7.46±1.11

∗
7.49±1.10

∗
14.69

9.46±1.57
∗,† 9.43±1.51

∗,† 16.01

http://www.md-journal.com


Table 4

Pancreatic fat fractions in premenopausal women (20–70 years).

Pancreatic fat fractions (x ± SD, %)

Age, yrs N Caput Corpus Cauda Whole CV (%)

20–40 79 4.49±0.88 4.46±0.96 4.28±0.83 4.41±0.79 17.91
20–30 38 4.35±0.85 4.45±0.94 4.18±0.89 4.33±0.82 18.93
31–40 41 4.63±0.89 4.46±0.98 4.37±0.77 4.49±0.76 16.92
41–70 31 7.35±1.30

∗
7.36±1.41

∗
7.20±1.56

∗
7.28±1.10

∗
15.11

CV= coefficient of variation, SD= standard deviation.
∗
Versus the two age groups before 40 years (P< .001).
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In this study, we identified an even distribution of pancreatic
fat in healthy women of all age groups. This result was consistent
with our previous findings in healthy men aged 20 to 70 years.[19]

In addition, diffuse pancreatic steatosis has also been observed in
obesity and non-alcoholic fatty liver disease.[2,3] However,
pancreatic focal fatty infiltration or replacement has frequently
been reported in a variety of diseases, such as chronic
pancreatitis, cystic fibrosis, pancreatic cancer, obesity, metabolic
syndrome, and steatohepatitis.[1–12] Nevertheless, we found that
it did not appear in the pancreata of healthy women or men in the
present study and our previous study.[19] These findings suggest
that focal fatty accumulation in the pancreas is closely related to
the abovementioned states of patients and should be considered
as a pancreatic pathologic change.[4,6,9–11] Increasing evidence
supports that pancreatic steatosis could impair pancreatic
endocrine and exocrine functions.[5,8,14,15] Whether related
symptoms occur might depend on the severity of fatty
accumulation.[16,17] It was found that some patients were usually
asymptomatic with mild fatty replacement, while others devel-
oped diabetes mellitus, diarrhea, or malabsorption with severe
pancreatic lipomatosis.[5,8,12–18] Thus, the quantitative detection
of lipid overload in pancreatic tissue is important for identifying
lipomatosis-induced disorders. In several studies, pancreatic
steatosis was diagnosed when there was an increase in the
ultrasonographic echogenicity of the pancreatic body compared
with the kidney.[10,11,32] However, the severity of pancreatic
steatosis was not quantified in these studies. As the pancreas
contains a certain amount of fat under physiological conditions,
the premise of quantifying pancreatic steatosis is to establish the
normal range of pancreatic fat fraction values and its physiologi-
cal changes. Wong et al[33] reported that 90% of healthy
volunteers from the general population had pancreatic fat
between 1.8% and 10.4%. However, that study was not
controlled for sex or age. In recent years, our group has
established a pancreatic fat fraction database of healthy men (2.8
±0.66% and 6.32±1.18% for healthy men aged 20–50 and 51–
70 years, respectively).[19] The present study further demonstrat-
ed that the pancreatic fat fractions of healthy women aged 20 to
40, 41 to 50, and 51 to 70 years were 4.41± .79%, 7.49±1.10%,
and 9.43±1.51%, respectively. The establishment of normal
Table 5

Pancreatic fat fractions in premenopausal and postmenopausal wom

Group N Age, yrs Caput

Non-menopause 15 47.20 7.12±0.67
Postmenopause 6 47.16 8.80±0.99

∗

CV= coefficient of variation, SD= standard deviation.
∗
Versus the non-menopausal group (P< .001).
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ranges of pancreatic fat fraction values in healthy populations
would be helpful in the quantitative identification of pancreatic
lipid overload.
In our studies, healthy women (20 to 40, 41 to 50, and 51 to 70

years) had a higher pancreatic fat fraction than their male
counterparts of the same age.[19] The underlying mechanism is
still not clear. The pancreatic fat fraction was reported to be
positively associated with the amount of visceral fat tissue.[3,34]

Interestingly, androgens were found to reduce fat body mass and
inhibit abdominal fat accumulation in men.[21,35,36] Consistent
with these results, women (n=131) were demonstrated to have
increased fat mass (P< .001) compared with men (n=103)
among non-obese healthy volunteers in a randomized controlled
clinical trial.[37] These findings indicate that the difference in the
pancreatic fat fraction between healthy women and men may be
attributed to differences in body fat metabolism involving distinct
sex hormones. Nevertheless, this hypothesis requires further
experimental confirmation.
Several researchers have identified a positive correlation

between age and the pancreatic fat fraction.[38–40] That finding
may be a result of the degeneration of pancreatic cells during
aging.[28,41,42] In addition, a gradual increase in oxidative stress
during human agingmay be responsible, in part, for the increased
pancreatic fat fraction by triggering lipid droplet accumulation
through activating fatty acid synthesis.[43–45] However, it is
unclear when pancreatic steatosis first occurs in healthy women.
Computed tomography data from Saisho research demonstrated
that pancreatic fat volumes remain remarkably unchanged
throughout the second to ninth decades, but the pancreatic
volume decreased after age 60 in women, which indicates that the
pancreatic fat fraction may increase after age 60 in women.[38]

Nevertheless, the data from Saisho study could not accurately
represent healthy women because individuals with obesity and
diabetes mellitus were recruited. Using CSI, we found that the
pancreatic fat fraction of healthy women with a normal BMI
remained unchanged between 20 and 40 years of age; however, it
significantly increased during the ages of 41 to 50 and 51 to 70
years by 70.0% and 25.9%, respectively. These findings
suggested that the increase in the pancreatic fat fraction was
initiated in the fifth decade.
en (46–49 years).

Pancreatic fat fractions (x ± SD, %)

Corpus Cauda Whole CV (%)

7.33±0.76 7.31±0.64 7.25±0.60 8.27
9.17±0.68

∗
9.11±0.93

∗
9.03±0.78

∗
8.64
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According to the data from healthy men in our previous study,
the increase in pancreatic fat fraction began in the 6 decade.[19]

We found that healthy women had fatty infiltration in the
pancreas approximately 10 years earlier than healthy men. That
result implied that factors in addition to aging affect the
pancreatic fat fraction in women. Estradiol and progesterone
have been demonstrated to protect the pancreas from lipomatosis
by stimulating pancreatic cell proliferation,[46] reducing pancre-
atic oxidative stress,[20] and attenuating acinar cell apoptosis.[21]

In general, menopause occurs in women older than 40
years.[47,48] The decrease in estradiol and progesterone levels
after menopause diminished their protective effects on the
pancreas and may have resulted in pancreatic fat infiltration. The
findings of the present study support this hypothesis. We found
that the pancreatic fat fraction of postmenopausal women was
significantly higher than that of premenopausal women of the
same age (46–49 years; 9.06±0.73% vs 7.25±0.60%, respec-
tively). These findings suggest that menopause contributes to the
earlier pancreatic fat deposition in healthy women. In addition,
we found that the pancreatic fat fraction of premenopausal
healthy women aged 41 to 70 years was still higher than that of
women aged 20 to 40 years, which suggested that aging was an
independent risk factor for pancreatic fat deposition in healthy
women and that both aging and menopause were responsible for
the increased pancreatic fat fraction of healthy women older than
40 years.
There are several limitations in this study. First, it is a single-

center study. Second, there was no histological confirmation of
the pancreatic fat fraction. Third, to make the ages of the
premenopause and postmenopause women comparable, volun-
teers aged 46 to 49 years were chosen and the number of cases
included in the analysis regarding the effect of menopause on the
pancreatic fat fraction was relatively small. Fourth, the currently
used imaging technique in this study is not ideal one because of
the effect of T1 and T2

∗
relaxation effects. Fifth, the used

phantom is not a perfect representative for the pancreas mainly
due to the different B1 homogeneity and the interference of the
respiratory movement.
5. Conclusion

Using the double-echo CSI with T1 and T2
∗
correction, we

identified an even distribution of pancreatic fat in healthy
women; pancreatic fat fractions of 4.41±0.79%, 7.49±1.10%,
and 9.43±1.51% in healthy women aged 20 to 40, 41 to 50, and
51 to 70 years, respectively; pancreatic steatosis beginning in the
fifth decade among healthy women; and aging and menopause as
2 independent risk factors for pancreatic fat deposition in healthy
women.
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