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Purpose: To determine the relationship between pancreatic fat con-
tent and type 2 diabetes and prediabetes.

Materials and 
Methods:

From the prospective population-based Study of Health 
in Pomerania (SHIP), 1367 volunteers (563 men, 678 
women; median age, 50 years) underwent whole-body 
magnetic resonance (MR) imaging at 1.5 T, which included 
multiecho chemical shift–encoded acquisition of the ab-
domen. SHIP was approved by the institutional review 
board, and written informed consent was obtained from 
all participants. The proton density fat fraction (PDFF) 
was calculated after correction for T1 bias, T2* bias, mul-
tipeak spectral complexity of fat, and noise bias. On the 
basis of oral glucose tolerance test results, participants 
were grouped into those with normal glucose tolerance 
(n = 740), those with prediabetes (n = 431), and those 
with confirmed type 2 diabetes but without medication (n 
= 70). PDFF was assessed in the pancreatic head, body, 
and tail. Multivariable regression analysis was conducted 
to investigate possible relationships of PDFF with demo-
graphic factors, behavioral factors, and laboratory data 
associated with the metabolic syndrome.

Results: In all subjects, the mean unadjusted pancreatic fat con-
tent was 4.4% (head, 4.6%; body, 4.9%; tail, 3.9%; being 
unequally distributed, P , .001). There was no significant 
difference in pancreatic PDFF among subjects with nor-
mal glucose tolerance, prediabetes, and type 2 diabetes 
(P = .980). Pancreatic PDFF showed a positive association 
with age and body mass index and a negative association 
with serum lipase activity (P , .001).

Conclusion: The presence of pancreatic fat is not related to predia-
betes or diabetes, which suggests that it has little clinical 
relevance for an individual’s glycemic status.
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The metabolic syndrome is a com-
mon disorder characterized by 
obesity, hypertension, dyslip-

idemia, and insulin resistance (1,2). 
Insulin-resistant tissue fails to respond 
normally to the hormone insulin. This, 
in turn, induces b cells of the pancreas 
to increase insulin production further. 
In addition, insulin is a known inhibitor 
of lipolysis. Consequently, subjects with 
insulin resistance syndrome have im-
paired fat metabolism. This can lead to 
obesity and ectopic fat storage, particu-
larly in the liver, pancreas, and visceral 
adipose tissue. Progressive disease 
can result in b cell failure and type 2 
diabetes. There has been ongoing con-
troversy as to whether b cell failure re-
sults from chronic hyperinsulinism due 
to b cell exhaustion or from pancreatic 
fat storage due to cytokine-related in-
flammation and lipotoxicity (3) in the 
context of nonalcoholic steatopancre-
atitis (4). At present, the relationship 
between pancreatic fat accumulation 
and abnormal glucose tolerance mani-
fest as type 2 diabetes remains unclear.

Pancreatic steatosis (also known 
as pancreatic lipomatosis and nonalco-
holic fatty pancreatic disease) is often 
detected incidentally in elderly patients 
at cross-sectional diagnostic imaging 
(5). Although pancreatic steatosis can 
be visualized with ultrasonography (US) 
and computed tomography (CT), reli-
able quantification of tissue fat content 
is not possible with these modalities. 
Magnetic resonance (MR) imaging, 
however, allows sensitive assessment 
of tissue fat content (6). One simple 
approach to quantifying tissue fat con-
tent is the chemical shift–based tech-
nique with measurement of the proton 

Implication for Patient Care

 n Pancreatic fat is often detected as 
an incidental finding; per se it 
has no clinical implication with 
regard to endocrine function, but 
it might be connected to re-
stricted exocrine secretion.

Advances in Knowledge

 n Pancreatic fat content is signifi-
cantly associated with older age 
and greater body mass index (P 
, .001 for both).

 n Pancreatic fat content is signifi-
cantly associated with lower 
serum lipase activity (P , .001).

 n Pancreatic fat content is not re-
lated to prediabetes or diabetes 
(P = .980).
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density fat fraction (PDFF) (7,8). Mea-
surement of PDFF improves the reli-
ability of fat quantification by correcting 
for confounders such as T2* decay, T1 
bias, and noise bias and for the multi-
spectral complexity of fat (7). The high 
accuracy of the PDFF-based technique 
for tissue fat quantification has been 
shown in various other organs in recent 
studies (6,9,10). Nevertheless, only a 
few cohort studies have dealt with the 
quantification of pancreatic fat content 
with MR imaging (11–14). To the best 
of our knowledge, only one group of in-
vestigators has calculated the PDFF by 
using chemical shift imaging to assess 
the pancreatic fat content in a small 
patient group (n = 43) (15). Studies 
in which the pancreatic PDFF was as-
sessed in larger population-based co-
horts to determine its clinical impact 
have not been reported.

Therefore, the purpose of this study 
was to determine the relationship be-
tween pancreatic fat content and type 2 
diabetes and prediabetes.

Materials and Methods

Whole-body MR imaging in the Study 
of Health in Pomerania (SHIP) was 
supported by a grant from Siemens 
Healthcare (Erlangen, Germany). 
In addition, contrast material–en-
hanced MR imaging research is part 
of the entire whole-body MR imaging 
study in SHIP and was supported by 
Bayer Healthcare (Berlin, Germany).  
The authors had complete control of 
the data and the information submitted 
for publication.

This study was a subproject of 
SHIP. SHIP is a population-based epide-
miologic study conducted in a defined 
region of the German Federal State 
of Mecklenburg–Western Pomerania 
(16). The general objective of SHIP 

was to estimate the prevalence and 
incidence of diseases and correspond-
ing risk factors. One specific aim was 
to observe pathophysiologic processes 
associated with metabolic syndrome. 
A whole-body MR examination includ-
ing a complex chemical shift–encoded 
sequence and an oral glucose tolerance 
test (OGTT) were performed in a sub-
group of the participants of the SHIP-
Trend baseline study (16).

SHIP was conducted as approved 
by the local institutional review board 
of Greifswald University Hospital. 
Written informed consent was ob-
tained separately for study inclusion 
and MR imaging.

Study Population
Between 2008 and 2012, 4420 of 8826 
invited subjects participated in the 
baseline SHIP-Trend. For a total of 1350 
participants, data on pancreatic fat con-
tent determined with MR imaging, gly-
cemic status assessed with an OGTT, or 
self-reported diabetes were available. 
The OGTT is a clinically established 
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technique for diagnosing diabetes and 
assessing glucose tolerance status (17). 
Subjects who were undergoing medical 
treatment for known type 2 diabetes (n 
= 84) were excluded from data analysis, 
as were subjects with a history of type 1 
diabetes (n = 5) or pancreatitis (n = 5). 
In addition, 15 subjects were excluded 
from statistical evaluation because of 
missing covariate data.

Thus, the study population available 
for analysis included 1241 volunteers 
consisting of 563 men and 678 women 
with a median age of 50 years. The 
characteristics of the study population, 
including demographics, behavioral fac-
tors, and laboratory data, are summa-
rized in Table 1.

Glycemic Status, Physical Examinations, 
and Laboratory Measurements
To determine the relationship between 
pancreatic fat and glycemic status, we 
defined three groups: normal glucose 
tolerance, prediabetes, and untreated 
type 2 diabetes. Subjects with a self-
reported history of type 2 diabetes (but 
who were not undergoing any medical 
treatment) (n = 30) did not undergo an 
OGTT and were assigned to the group 
with diabetes. Those who self-reported 

taking antidiabetic medication were ex-
cluded because of the possible influence 
of medical treatment on pancreatic fat 
content. All others were grouped ac-
cording to the results of the OGTT, as 
follows: Prediabetes was defined as a 
fasting blood glucose level of at least 
5.6 mmol/L and less than 6.9 mmol/L 
or a stimulated blood glucose level (eg, 
2 hours after intake of sugar solution) 
of at least 7.8 mmol/L and less than 
11.1 mmol/L; type 2 diabetes was de-
fined as a fasting blood glucose level 
of at least 7.0 mmol/L or a stimulated 
blood glucose level of at least 11.1 
mmol/L; normal glucose tolerance was 
defined as a fasting blood glucose level 
of less than 5.6 mmol/L or a stimu-
lated blood glucose level of less than 
7.8 mmol/L (18). All subjects fasted 
at least 4 hours before fasting glucose 
and subsequent OGTT.

The following associated risk fac-
tors for prediabetes and diabetes were 
also assessed: age, sex, body mass in-
dex (BMI), systolic blood pressure, 
and serum triglycerides level. Further-
more, data about lifestyle habits, such 
as alcohol intake, smoking status, and 
physical activity, were obtained with an 
interview. Physical activity was defined 

as exercising more than 2 hours per 
week in summer or winter or both. 
Finally, the following serum laboratory 
values were obtained for correlation 
with pancreatic fat content: alanine 
aminotransferase (ALT)–to–aspartate 
aminotransferase (AST) ratio and 
creatinine as an indicator of possible 
kidney and liver abnormalities. In ad-
dition, lipase activity as a marker of 
pancreatic exocrine function was used 
for correlation.

MR Image Acquisition and Reconstruction
Whole-body MR imaging was per-
formed with a commercially available 
1.5-T unit (Magnetom Avanto, Siemens 
Healthcare). An investigational three-
dimensional gradient-echo chemical 
shift–encoded pulse sequence with 
water and/or fat separation was in-
cluded in the main protocol (19). The 
study sequence covered all upper ab-
dominal organs, including the pan-
creas. Each excitation was followed by 
a readout of three echoes in the same 
repetition time: echo time (TE) 1 (TE1, 
opposed phase), TE2 (in phase), and 
TE3 (in phase) (20). Imaging param-
eters were as follows: 11/2.4/4.8/9.6 
(repetition time msec/TE1 msec/TE2 

Table 1

Characteristics of the Study Population according to Endocrine Functional Status of the Pancreas

Variable
Normal Glucose  
Tolerance (n = 740) Prediabetes (n = 431) Type 2 Diabetes (n = 70) All Subjects (n = 1241)

Age (y) 45 (36, 55) 54 (45, 63) 60 (54, 68) 50 (40, 60)
Woman* 446 (60.3) 203 (47.1) 29 (41) 678 (54.6)
BMI (kg/m2) 25.4 (23.1, 28.4) 28.2 (25.9, 31.0) 31.0 (27.8, 33.5) 26.8 (23.9, 29.7)
Systolic blood pressure (mm Hg) 120 (110, 131) 128 (119, 140) 132 (126, 147) 124 (113, 135)
Alcohol intake (g/d) 3.9 (1.3, 9.3) 5.3 (1.4, 13.6) 4.9 (0.7, 11.2) 4.3 (1.3, 10.9)
Smoking status*
 Nonsmoker 299 (40.4) 190 (44.1) 34 (48) 523 (42.1)
 Former smoker 252 (34.1) 163 (37.8) 27 (38) 442 (35.6)
 Current smoker 189 (25.5) 78 (18.1) 9 (13) 276 (22.2)
Physically active* 386 (52.2) 204 (47.3) 32 (46) 622 (50.1)
ALT/AST ratio 1.27 (1.00, 1.64) 1.43 (1.14, 1.79) 1.55 (1.33, 1.92) 1.34 (1.05, 1.71)
Lipase level (µkat/L) 2.61 (2.17, 3.20) 2.71 (2.22, 3.35) 2.95 (2.52, 3.48) 2.67 (2.19, 3.26)
Creatinine level (µmol/L) 73 (64, 83) 76 (66, 88) 79 (72, 89) 74 (65, 85)
Triglycerides level (mmol/L) 1.05 (0.77, 1.43) 1.39 (1.00, 1.81) 2.02 (1.31, 2.79) 1.18 (0.85, 1.64)
Cholesterol-to-HDL ratio 3.50 (2.91, 4.27) 3.97 (3.23, 4.86) 4.46 (3.49, 5.18) 3.69 (3.02, 4.53)

Note.—Except where indicated, data are medians, with the first and third quartiles in parentheses.

* Data are numbers of patients, with percentages in parentheses.
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msec/TE3 msec; 10° flip angle; one 
signal acquired; 1065 Hz per pixel 
bandwidth; 410 3 308-mm field of 
view; 224 3 168 3 64 matrix; and 
parallel imaging (generalized autocali-
brating partially parallel acquisition)  
with an effective acceleration factor 
of 1.8. The three-dimensional data set 
was acquired in the axial plane during 
a single 19-second breath hold.

PDFF maps were reconstructed off-
line by using Matlab software (R2011a; 
Mathworks, Natick, Mass) (6). PDFF 
was corrected for all known con-
founders, including T1 bias (21), T2* 
decay (22), the multispectral complex-
ity of fat (23), and noise bias (24) be-
fore measurement of PDFF from the 
reconstructed images. T1 recovery 
correction was performed by using T1 
values from the literature (water: 586 
msec; fat: 343 msec) (25). In addition, 
the water and/or fat swapping was re-
solved by using phase information of 
the complex images (26).

Phantom Validation
A phantom analysis was performed to 
investigate the reliability of PDFF and 
to show that the PDFF approach is an 
accurate technique with which to quan-
tify tissue fat. A fat phantom was con-
structed by using 250 g veal liver and 
lard as described by Fischer et al (27). 
Liver and lard were blended to yield fat 
concentrations of 0%, 10%, 20%, 30%, 
40%, 50%, 60%, 80%, and 100% and 
filled in 10 vials with a volume of 25 mL 
each. The vials were positioned in the 
MR unit, and a coronal pulse sequence 
was performed by using a body phased-
array coil and the same parameters as 
for the examination of the human sub-
jects. The PDFF was compared with the 
true phantom fat concentrations.

Image Analysis
All measurements were performed with 
analysis of PDFF in regions of inter-
est by using software (Osirix, version 
3.9.1, 64 bit; Pixmeo Sarl, Bernex, 
Switzerland).

A representative section of the 
phantom was chosen and one re-
gion of interest placed in each test 
tube. Measurements were performed 

twice by the same observer (J.P.K.), 
with an interval of 2 weeks between 
measurements.

In subjects, quantitative measure-
ments were performed by a certified 
observer (F.B.) with at least 1 year of 
experience in abdominal MR imaging. 
Three regions of interest were placed in 
the head, body, and tail of the pancreas 
by using the magnitude image from the 
first in-phase echo. Region of interest 
size was adjusted to the largest size 
possible to match the size of the pan-
creas at each location. The regions of 
interest were placed in a manner that 
avoided artifacts, vessels, and adjacent 
visceral fat.

Statistical Analysis
In the phantom, PDFF and true fat con-
tent were compared by using linear re-
gression analysis. Statistical differences 
in slope (different from 1) and intercept 
(different from 0) were calculated by 
using the Student t test.

All descriptive data obtained in the 
volunteers are presented as medians 
and quartiles. Differences in PDFF 
among the head, body, and tail of the 
pancreas were assessed by using a 
Friedman test.

We modeled pancreatic fat content 
(PDFF) as dependent variable with 
diabetes status as exposure, being cate-
goric with three variable levels (normal 
glucose tolerance, prediabetes, type 
2 diabetes). The model was adjusted 
for demographic (age, sex), behavioral 
(alcohol consumption, smoking status, 
physical activity), and cardiometabolic 
(systolic blood pressure, ALT/AST ratio, 
lipase activity, creatinine level, triglyc-
erides level, cholesterol-to–high-density 
lipoprotein [HDL] ratio) factors. We ap-
plied ordinary linear regression with ro-
bust estimation of standard errors and/
or confidence intervals (CIs). To allow 
for nonlinear relationships, fractional 
polynomials were used (28). The proce-
dure implemented in the mfp command 
in the Stata software package (ver-
sion 12.1; Stata, College Station, Tex)   
selects the multivariable fractional 
polynomial model that best predicts the 
outcome variable. It tests the powers of 
22, 21, 20.5, 0, 0.5, 1, 2, and 3 and 

chooses the best fitting one in terms of 
significantly reducing the deviance of 
the model.

The significance level used in this 
study was defined as a , .05. In the lin-
ear regression, associations with single 
variables were tested with the Student t 
test; joint tests over categoric variables 
were performed by using a Wald test. 
All calculations were performed with 
software (version 12.1, Stata).

Results

The linear correlation between the 
fat content of the phantom and PDFF 
was excellent (r2 = 0.989). In addition, 
there was excellent agreement between 
the true fat content and the PDFF  
(Fig 1). No significant differences were 
observed in slope (1.04, P = .471) and 
intercept (22.2%, P = .449).

The unadjusted mean of the pan-
creatic fat content over all subjects 
was 4.6% (95% CI: 4.2%, 5.0%) in the 
head, 4.9% (95% CI: 4.5%, 5.3%) in 
the body, and 3.9% (95% CI: 3.5%, 
4.3%) in the tail, indicating that pan-
creatic fat content differs slightly but 
significantly among these three parts 
of the pancreas (P , .001, Friedman 
test). Figure 2 shows examples illus-
trating different amounts of fat in the 
pancreatic gland. When adjusted for 
age, sex, and BMI, the mean PDFF 
was 4.5% (95% CI: 4.2%, 4.8%). Ad-
justment for all covariates yielded the 
same results.

Volunteers were grouped accord-
ing to their glucose tolerance: 740 
subjects had normal glucose tolerance, 
431 had prediabetes, and 70 had con-
firmed untreated type 2 diabetes. The 
data about the relationships between 
PDFF and endocrine pancreatic func-
tion are summarized in Table 2. There 
was no significant association between 
glycemic status (normal, prediabetic, 
type 2 diabetic) and PDFF (P = .980 
for all subjects, Table 3; P = .992 for 
men and P = .956 for women, Tables 
E1 and E2 [online]). When all covari-
ates in the linear regression model 
were held constant at their means, the 
PDFF was 4.44%, 4.48%, and 4.62% 
for subjects with normal glucose 
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tolerance, prediabetes, and type 2 
diabetes, respectively.

Results of regression analysis re-
vealed that pancreatic fat content var-
ied with demographic and metabolic 
factors (Table 3). Pancreatic fat in-
creased with age (P , .001) and BMI 
(P , .001) and decreased exponentially 
with serum lipase activity (P , .001). 
No significant associations were found 
with systolic blood pressure, alcohol 
intake, smoking, physical activity, ALT/
AST ratio, creatinine level, triglycerides 
levels, or cholesterol-to-HDL ratio.

To test for statistical interaction 
with sex, we ran a model with a mul-
tiplicative interaction term between 
BMI and sex and found a significant 
interaction (P = .019). To analyze dif-
ferences between sexes further, sepa-
rate models for men and women were 
calculated (Tables E1 and E2 [online]). 
The progression of pancreatic steato-
sis with age was more pronounced 
in women (28% higher coefficient), 
whereas the increase in pancreatic fat 
with BMI was stronger in men (75% 
higher coefficient). An overall effect of 

smoking was observed only in men (P 
= .014), with the PDFF being lower in 
current smokers and higher in former 
smokers when compared with that of 
nonsmokers.

To explore if there is an association 
between glycemic status and pancre-
atic fat in higher ranges of pancreatic 
fat content, we performed a sensitiv-
ity analysis using the same regression 
model with the uppermost quartile of 
pancreatic fat only (.6.1% fat, n = 
311). The overall association with gly-
cemic status remained nonsignificant 
(combined test: P = .177). The coeffi-
cients were 1.6 for prediabetes com-
pared with normal glucose tolerance 
(P = .064, n = 131) and 0.9 for type 2 
diabetes compared with normal glucose 
tolerance (P = .499, n = 36).

Discussion

In this population-based study, we in-
vestigated the relationship between 
pancreatic fat content, measured by 
using a confounder-corrected MR imag-
ing technique, and glycemic status and 
other associated risk factors of meta-
bolic syndrome.

Our findings confirm the previ-
ously reported excellent accuracy for 
confounder-corrected MR imaging 
in the assessment of tissue fat (29). 
The mean pancreatic fat content mea-
sured in our study was 4.6% (95% CI: 
4.2%, 5.0%) over all subjects. This 

Figure 1

Figure 1: Phantom data. Graph shows excellent agreement between PDFF and phantom fat content, with 
no differences in slope and intercept. Correlation is also near perfect (r 2 = 0.989). Results demonstrate high 
reliability and robustness of chemical shift–encoded PDFF for assessing tissue fat.

Figure 2

Figure 2: PDFF maps illustrate different amounts of pancreatic fat in pancreatic head (arrow) in subjects without diabetes. (a) Image shows 
a very small amount of fat in pancreatic head. (b) Image shows fatty replacement of pancreatic head with PDFF of 19%. (c) Image shows 
complete fatty replacement as a maximum variant of pancreatic steatosis.
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result is comparable with previously 
published data from MR spectroscopy 
studies (30). It is well established for 
the quantification of PDFF for liver 
fat that the accuracy of confounder-
corrected chemical shift–encoded MR 
imaging is equivalent to that of MR 
spectroscopy for the quantification of 
liver fat content (9,31).

The clinical relevance of pancreatic 
fat content is currently under debate. 
Few groups have investigated the clin-
ical impact of pancreatic fat content 
and how it is related to endocrine pan-
creatic function (32,33). Their findings 
were inconsistent. For example, Heni 
et al (32) demonstrated that pancre-
atic fat is negatively associated with in-
sulin secretion. Van der Zijl et al (33) 
found no direct relationship between 
pancreatic fat and b cell function. Both 
published studies investigated small 
numbers of subjects and were not ad-
justed for confounders.

To the best of our knowledge, only 
two studies included a reasonable 
number of subjects to evaluate the 
broader clinical relevance of pancreatic 
steatosis (34,35). Ou et al (34) recently 
investigated 7464 subjects and found 
that subjects with type 2 diabetes were 
more likely to have pancreatic steato-
sis. However, an average fat content of 
4%, as we found in our study, is not 
detectable with US. Therefore, the find-
ings of Ou et al may be attributable to 

misclassification. In agreement with 
our findings, Saisho et al (35) found 
no association between pancreatic fat 
and type 2 diabetes in a postmortem 
analysis of 1886 adults.

Our analysis has revealed no rele-
vant association between glycemic im-
pairment and fatty degeneration of the 
pancreas, suggesting that pancreatic 
steatosis is of little relevance for the 
development of glucose intolerance and 
type 2 diabetes. The strengths of our 
study are the measurement of pancre-
atic fat content with MR imaging and a 
valid grouping into normal, prediabetic, 
and diabetic groups on the basis of 
OGTT results. Furthermore, covariates 
were included continuously to increase 
the power of the model compared with 
categorized variables. In this way, our 
approach also makes an allowance for 
the occurrence of nonlinear relation-
ships. The very high P value for the as-
sociation between glycemic impairment 
and fatty degeneration of the pancreas 
indicates that the significance of the 
association is not a matter of sample 

size. A posthoc power calculation re-
vealed a power of 0.94 for an effect size 
of 0.01 (partial R2 = 0.01, a = .05, n 
= 1241, 13 predictor variables). There-
fore, our data are sufficient to detect an 
association with the size of this study 
population.

In agreement with previous studies, 
age, BMI (32), and lower lipase activity 
demonstrated a significant association 
with pancreatic fat content (34,36). We 
assume that this result may be due to 
fatty degeneration of the pancreas with 
increasing age. A high BMI predisposes 
to metabolic syndrome, and it is well 
known that the amount of visceral fat 
increases with BMI. Recent studies re-
vealed a similar association between 
pancreatic fat and BMI and explain this 
effect by an association of the pancre-
atic fat content connected with met-
abolic syndrome (37). Interestingly, 
lipase activity exponentially decreased 
with the amount of pancreatic fat. 
Therefore, pancreatic fat accumulation 
may be more relevant for exocrine pan-
creatic function, and this association 

Table 2

Adjusted Means of PDFF of the 
Pancreas according to Group

Group PDFF (%)

All subjects 4.46 (4.16, 4.76)
Normal glucose tolerance 4.44 (4.06, 4.82)
Prediabetes 4.48 (3.89, 5.06)
Type 2 diabetes 4.62 (2.81, 6.43)

Note.—Data are mean PDFFs and were adjusted for 
age, sex, BMI, glycemic status, blood pressure, alcohol 
intake, smoking status, physical activity, ALT/AST ratio, 
lipase level, creatinine level, triglycerides level, and 
cholesterol-to-HDL ratio No significant differences 
between groups with different endocrine functional 
status of the pancreas (ie, glycemic status) were 
observed (Wald test, P = .980). Numbers in parentheses 
are 95% CIs.

Table 3

Results of Linear Regression Analysis of Pancreatic PDFF according to Demographic 
and Behavioral Factors and Laboratory Data

Variable Coefficient* P Value 95% CI

Age (y) 0.110 ,.001 0.083, 0.136
Woman 0.016 .971 20.857, 0.889
BMI (kg/m2) 0.347 ,.001 0.259, 0.435
Normal glucose tolerance† … … …
Prediabetes 0.039 .915 20.681, 0.760
Type 2 diabetes 0.181 .852 21.718, 2.080
Systolic blood pressure (mm Hg) 20.005 .740 20.032, 0.023
Alcohol intake (g/d) 20.003 .860 20.037, 0.031
Nonsmoker† ... ... ...
Former smoker 0.304 .419 20.433, 1.040
Current smoker 20.546 .162 21.312, 0.219
Physical activity (yes/no) 20.017 .956 20.618, 0.584
ALT/AST ratio 0.251 .503 20.483, 0.985
Lipase level (µkat/L)‡ 0.116 ,.001 0.070, 0.161
Creatinine level (µmol/L) 0.024 .071 20.002, 0.051
Triglycerides level (mmol/L) 0.316 .266 20.241, 0.873
Cholesterol-to-HDL ratio 0.005 .983 20.431, 0.440

Note.—R 2 = 0.216. The overall P value for diabetes was .980, and the overall P value for smoking was .118.

* Coefficients are the change in PDFF (in percentage) per unit of each variable.
† Reference category.
‡ Polynome: (lipase/10)22.
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could be clinically relevant. One expla-
nation could be that during involution 
with age, fat cells replace acinar (exo-
crine) cells but not islet cells. At this 
time, we have no validated clinical or 
laboratory data in this volunteer study 
to confirm the hypothesis that pancre-
atic fat is associated with reduced pan-
creatic exocrine function.

In addition, we found no association 
between pancreatic fat content and 
triglycerides level, cholesterol-to-HDL 
ratio, ALT/AST ratio, and creatinine 
level. Furthermore, behavioral vari-
ables such as alcohol intake, smoking 
status, and physical activity were found 
to be unrelated to pancreatic fat con-
tent when male and female subjects 
were analyzed together.

In men, we found a significant as-
sociation with smoking status, with 
former smokers having more and cur-
rent smokers having less pancreatic fat 
than nonsmokers. Men also showed a 
stronger increase in pancreatic fat with 
age and BMI compared with women.

This study has several limitations. 
Radiologic imaging techniques may be 
limited in the differentiation between 
intracellular fat content and extracel-
lular ectopic accumulation of fat in the 
pancreas. Therefore, changes in the 
pancreas, such as atrophy and lobu-
lation, might confound measurements 
of intracellular PDFF. In our opinion, 
confounder-corrected chemical shift–
encoded MR imaging is an excellent 
technique with which to validly as-
sess pancreatic fat content, and our 
results are valid because the regions 
of interest could be placed to reliably 
avoid the pancreatic fronds between 
which visceral adipose tissue could in-
tercalate. This assumption is also con-
firmed by the fact that several recent 
MR studies in which spectroscopy was 
used report comparable fat fractions 
of pancreatic tissue (30,33,38). A sec-
ond limitation is the relatively small 
group of subjects with confirmed but 
untreated type 2 diabetes. However, 
subjects were deliberately grouped 
according to glycemic status as deter-
mined with the OGTT, which is the 
standard of reference for defining pre-
diabetes and diabetes.

In conclusion, the results of this 
study shows that a high pancreatic 
fat content is related to an older age, 
greater BMI, and lower serum lipase ac-
tivity but not to the endocrine function 
of the gland. The potential relevance of 
pancreatic fat with regard to exocrine 
function of the pancreas should be ex-
plored with further studies.
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