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Purpose: Obesity, defined as a body mass index (BMI) exceeding 30 kg/m?, is a serious
health problem, which can be called an epidemic on a global scale and is one of the most
important causes of preventable death. The aim of this study was to assess ectopic fat
accumulation in pancreas, liver and skeletal muscle in patients with obesity, overweight
and normal BMI in correlation with metabolic syndrome (MetS).

Patients and methods: The study included 267 consecutive patients who underwent
a standard clinical assessment with BMI calculation. Ectopic fat accumulation in pancreas,
liver, and skeletal muscle was evaluated by magnetic resonance imaging (MRI) using fat—
water separated Dixon imaging. MetS was defined according to the criteria modified by the
National Cholesterol Education Program Adult Treatment Panel III Guidelines. Central
obesity was defined using gender and ethnic-specific values for waist circumference.
Results: There was a statistically significant correlation between the degree of steatosis of
the assessed organs and BMI value as well as waist circumference ratio, that determined the
degree of central obesity. It was found that the most rapid relative fat accumulation was in
muscle, then in pancreas and then in liver. Higher steatosis of pancreas, liver, and muscle was
demonstrated depending on the number of the satisfied MetS criteria.

Conclusion: Knowing that pancreatic fatty disease is a risk factor for MetS, it seems that
assessment and monitoring of ectopic fat accumulation may have important clinical implica-
tions and may be used in the prediction of metabolic risk and its early prevention.
Keywords: magnetic resonance imaging, obesity, pancreatic steatosis, liver steatosis,
metabolic syndrome, fat fraction

Introduction
Obesity, defined as a body mass index (BMI) exceeding 30 kg/m?, is a very serious
health problem of the twenty-first century, which is becoming an epidemic on
a global scale and is one of the most important causes of preventable death.'*
According to WHO data, the number of obese people in the world has doubled
since 1980. In 2016 there were more than 1.9 billion overweight adults, of whom
650 million were obese, representing about 13% of the global adult population,
including 11% of men and 15% of women.?
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Obesity leads to excessive ectopic fat infiltration of
many organs, including liver, heart, pancreas, skeletal
muscles and kidneys, that can have severe metabolic and
clinical implications.>'2

Excess fat accumulation results in the development of
an elevated number of many serious health problems,
including metabolic syndrome (MetS), type 2 diabetes
(T2DM) and cardiovascular disease, and correlates signif-
icantly with increased mortality.>”'” A particularly impor-
tant problem is MetS associated with obesity, which
consists of at least three of these five abnormalities: (1)
central obesity; (2) high triglyceride (TG) level; (3)
decreased HDL cholesterol level; (4) high blood pressure;
and (5) elevated fasting glucose level or previously diag-
nosed metabolic disorders.'®!?

MetS is associated with a fivefold increased risk of the
development of T2DM, twofold higher risk of cardiovas-
cular disease, twofold to fourfold higher risk of stroke,
three to four times increased risk of myocardial infarction
and two times higher death rate due to coronary
events.’*?! All these factors lead to around 3.4 million
adults dying every year in the world because of diseases
related to overweight and obesity.*

Central obesity is considered to be the main cause of
insulin resistance and is closely connected with the other
four components of MetS.> 10222

Studies using CT to assess MetS revealed that accu-
mulation of visceral adipose tissue is the best predictor of
MetS for women, and is also good for men.** The current
research, however, suggests that fat distribution is
a better marker of metabolic risk than obesity itself.
That is why pancreatic steatosis not only strongly corre-
lates with the prevalence of MetS but also corresponds
with a number of its components.®**?>2° Regarding fatty
pancreas and non-alcoholic fatty pancreatic disease
(NAFPD), there is a twofold increase in susceptibility
to the development of MetS.>*’

In the early stages of MetS, deleterious and progressive
changes in each organ are often asymptomatic and possi-
bly reversible. Consequently, a lifestyle modification
including weight loss and increasing physical activity can
of MetS-related

reduce morbidity

4,15,28,29

and mortality
diseases.

Pancreatic fatty disease is a risk factor for MetS. It
seems that the assessment of the amount of ectopic fat
accumulation may have important clinical implications by
monitoring steatosis level. It can also be used in metabolic

risk prediction and its early prevention or therapeutic
intervention.

As far as we are aware, a direct comparison between
ectopic fat accumulation in the three tissues (liver, pan-
creas, and muscle) and their impact on metabolic disorders
has not yet been performed.

The aim of this study was to assess ectopic fat accu-
mulation in pancreas, liver and skeletal muscle in patients
with obesity, overweight and normal BMI in correlation
with the presence of central obesity and Mets.

Material and methods
The study protocol was approved by the Local Ethical
Committee (Independent Bioethics Commission for
Research of the Medical University of Gdansk, Poland).
The study was conducted
Declaration of Helsinki.

All participants provided informed written consent for

in accordance with the

abdominal magnetic resonance imaging after they
had been informed about the purposes and methods of
the examination. All authors had access to study data and
reviewed and approved the final manuscript.

This prospective study included 267 consecutive indivi-
duals of Caucasian origin (148 women aged from 19 to 82,
mean 54.97 and 119 men aged from 18 to 83, mean 52.09)
(Figure 1) who were referred to abdominal magnetic resonance
imaging (MRI) and underwent a standard clinical assessment,
physical examination and laboratory tests. Subjects were
referred for MRI examination from the Department of
Gastroenterology and Hepatology and from the Department
of General Endocrine and Transplant Surgery, University
Clinical Centre in Gdansk and also from their clinics. All
examinations were performed in the II Department of
Radiology, University Clinical Centre in Gdansk between
January and August 2018. The material was random; the
selection of subjects was not planned statistically.

The clinical data, including medical history, medication
and alcohol drinking habits of all participants were col-
lected. BMI was calculated by dividing weight in kilo-
grams by square of the height in meters. The commonly
accepted BMI ranges were used: underweight — less than
18.5 kg/m?, normal weight from 18.5 to 24.9, overweight
from 25 to 29.9 and obese >30 kg/m” (including class
I obesity 30.0-34.9, class II obesity 35.0-39.9 and class
I obesity >40 kg/m?). Waist circumference was measured
at a level midway between the lower rib margin and the

iliac crest in the horizontal position.
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Figure | Age distribution for both genders in the study group.

MetS was defined according to the criteria modified by
the National Cholesterol
Treatment Panel III Guidelines.

Education Program Adult

Central obesity was defined using ethnic-specific values
for waist circumference in Europe which is >80 cm for women
and >94 cm for men. Due to the different reference values of
waist circumference, depending on gender, a universal value
defined in percent and called Waist Circumference Ratio
(WCR) was created for both groups. The variable marked as
WCR [%] represents the ratio of waist circumference of the
patient to the reference value, which is 80 cm for a woman and
94 cm for a man. For women, for the limit value of 80 cm,
WCR amounts to 100% (80/80%100%), in the case of normal
waist circumference (<80 cm) below 100% and for central
obesity >100%. Similarly, for men for the limit value of 94 cm,
WCR amounts to 100% (94/94x100%), in the case of normal
waist circumference (<94 cm) below 100% and for central
obesity >100%.

High TG level was confirmed when the range limit of
150 mg/dL was exceeded. It was assumed that a reduced
HDL cholesterol level was less than 40 mg/dL for men and
less than 50 mg/dL for women. Hypertension was diag-
nosed if systolic or diastolic blood pressure was elevated
above 130/85 mmHg, or in the case of the previously
diagnosed hypertension treatment. Impaired fasting glu-
cose level was defined as >100 mg/dL, or in the case of
previously diagnosedT2DM.

Abdominal MRI exams were performed on a 1.5
T Siemens Magnetom Aera system (Siemans, Munich,
Germany). Ectopic fat accumulation in pancreas, liver
and skeletal muscle was evaluated in MRI using the fat—
water separated Dixon imaging technique which uses
a chemical shift between resonance frequencies of pro-
tons bound in fat and water. A quantitative assessment
of fat accumulation was achieved by computing the
percentage value of fat fraction, which is fat signal
divided by the sum of fat and water signals and then
multiplied by 100.

To measure pancreatic fat and water signal three regions
of interest (ROIs) were placed in the head, body, and tail of
pancreas. In order to avoid contamination from volume
averaging with extrapancreatic adipose tissue, the ROIs
were placed in pancreatic parenchyma so that they would
be surrounded by pancreatic tissue not only within the ima-
ging plane but also on the slices above and below. Pancreatic
duct and vessels were not included in the measurement.

Liver fat was assessed by using ROIs which were as
large as possible with a homogeneous signal avoiding
large vessels and enlarged bile ducts.

Two additional round ROIs were drawn on bilateral
paraspinal muscles at the lumbar vertebra 3 level. This is
the level considered in the literature as the best for skeletal
muscle as well as visceral and subcutaneous fat assessment
in healthy middle-aged adults.**
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The mean of all ROIs in each part of the pancreas
(head, body, and tail) was calculated to determine the
average fat fraction.

Average fat fraction for muscles is the arithmetic mean
of fat fraction in right and left paraspinal muscles.

The general exclusion criteria were as follows: the use of
medications that are potentially frequently related to liver
steatosis as chemotherapeutic agents (5-FU, irinotecan, oxa-
liplatin), methotrexate and steroids,31 age younger than 18
years, alcohol intake of more than 30 g per day in the
previous 10 years or greater than 10 g per day in the previous
one year, and the lack of consent to participate in the study.

Patients who were diagnosed with toxic liver damage in
laboratory tests had not been referred for MRI examination
by the doctors from the Department of Gastroenterology
and Hepatology and from the Department of General
Endocrine and Transplant Surgery, University Clinical
Centre in Gdansk.

The exclusion criterion referring to the amount of
alcohol intake has been determined on the basis of most
published literature regarding NAFPD defined that signifi-
cant alcohol consumption is more than two drinks
(~10 g of alcohol per one drink unit) per day in the
previous year. Some studies have used sex-specific defini-
tions: >3 drinks on average per day in men and >2 drinks
on average per day in women, but we used the same cutoff
of alcohol intake for men and women.*? At the same time,
according to the criteria of alcohol abuse, it has been
shown that the amount that can develop the alcoholic
liver disease corresponds to an average daily alcohol
intake of 30 g, corresponding to two to three glasses of
wine a day for 10 years in the past.>

Statistical analysis

To assess the interdependence between the analyzed vari-
ables, Pearson’s correlation coefficients were calculated
and regression lines presented with appropriate scatter
plots. Differences between the mean values in independent
groups were examined by parametric Welch’s #-test or
parametric one-way ANOVA. Additionally, in the case of
multiple comparisons, the results of Tukey’s HSD test
were introduced. Normality assumption of the data set
was checked by the Shapiro—Wilk test. The level of sig-
nificance was set at a=0.05. All statistical analyses were
performed in Statistica version 13.1 (Dell, Inc. (Round
Rock, TX, USA) 2016, data analysis software system).

Results
The study included 267 consecutive patients (148 women
and 119 men) (Tables 1 and 2).

The mean BMI value in the group of women was 26.06 kg/
m? (range from 17.42 to 38.16) and 25.82 kg/m? (range from
1592 to 40.40) in the group of men. Of all subjects,
133 patients had normal BMI, 79 were overweight, and 55
were obese. Due to the different reference values of waist
circumference, depending on gender, a universal value defined
in percent was evaluated in both groups. This variable labeled
as WCR [%] presents the ratio of patient’s waist circumference
to the reference value and for subjects with normal waist
circumference is less than 100%, while for patients with
central obesity is greater than 100%. Among 148 women,
average WCR was 115.88% (range 86.25-163.75%), and in
the group of 119 men 99.76% (range 74.47—143.62%). In the
group of all subjects with normal BMI (range between 18.5
and 24.9 kg/m?), average WCR was 97.67%. In overweight
patients (BMI from 25 to 29.9 kg/m?), WCR was 113.10%,
and in obese subjects (BMI >30 kg/m?) it was 129.04%.

The obtained results indicate that in the obese group,
waist circumference is on average 29.04% higher com-
pared to the norm. In the overweight group, waist circum-
ference is 13.10% higher, while in the group with normal
BMI waist circumference is on average 2.33% lower than
the reference value (Figure 2).

Comparing the value of WCR in patients with normal
BMI which ranged from 74.47% to 125.00%, it was
observed that some of them had high waist circumfer-
ences. It was found that among 133 patients with normal
BMI, 57 subjects (42.86%) exceeded normal waist

Table | General features of all study group (N=267)

Variable Descriptive statistics whole patients
group
Mean | Median | Min | Max | SD
Age 53.69 57.00 18.00 | 83.00 16.39
BMI 25.95 24.93 15.92 | 40.40 4.45
WCR 108.69 | 108.51 7447 | 163.75 | 16.88
Fat fraction — 8.16 7.00 2.00 32.00 5.38
pancreas
Fat fraction — 7.10 5.19 1.35 41.00 6.01
muscles
Fat fraction — liver | 5.26 3.49 0.74 31.90 5.19

Abbreviation: WCR, waist circumference ratio.
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Table 2 General features of all participants depending on gender (male=119, female=148)

Variable Descriptive statistics, male and female group
Sex Mean Median Min Max SD
Age Male 52.09 54.00 18.00 83.00 16.97
Female 54.97 58.50 19.00 82.00 15.85
BMI Male 25.82 24.76 15.92 40.40 4.30
Female 26.06 25.20 17.42 38.16 4.58
WCR Male 99.76 97.87 74.47 143.62 13.96
Female 115.88 114.38 86.25 163.75 15.57
Fat fraction — pancreas Male 839 7.00 2.00 27.00 5.61
Female 7.97 6.12 2.00 32.00 5.21
Fat fraction — muscles Male 6.17 5.00 1.35 41.00 6.37
Female 7.85 7.00 1.64 27.00 5.6l
Fat fraction — liver Male 4.74 3.50 0.74 23.68 4.00
Female 5.68 342 0.88 31.90 5.95
Abbreviation: WCR, waist circumference ratio.
Box and Whisker Plot
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Figure 2 Distribution of waist circumference ratio (WCR) in the study group depending on BMI.

circumference, of which as much as 85.96% were women
(49 patients), and only 14.04% were men (eight patients).

Based on the obtained results we calculated that the
average percentage value of fat fraction in patients with
normal BMI was 5.98%. In overweight patients it was
9.36% and in obese subjects it was 11.69%. The average
percentage value of fat fraction in skeletal muscle in
patients with normal BMI was 5.25%. In overweight
patients it was 7.56% and in obese subjects it was
10.93%. The average percentage value of liver fat frac-
tion in patients with normal BMI was 3.66%, in

overweight patients it was 5.88% and in obese subjects
it was 8.26% (Figure 3).

Statistically significant differences between all pairs of
variables (normal BMI vs overweight, normal BMI vs
obese and overweight vs obese) concerning the amount
of fat accumulation in the pancreas, muscle and liver were
found (Table 3).

There was a statistically significant, moderate posi-
tive correlation between the extent of steatosis of eval-
uvated organs and BMI value as well as expressed
in percent variable WCR that determines the degree of

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12
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ANOVA

results

F(2, 264)=30.035, (p<0.001) for Pancreas
F(2, 264)=20.275, (p<0.001) for Muscles
F(2, 264)=18.243, (p<0.001) for Liver
Mean + Cl (95.0%)

(%]

2 # Pancreas
normal overweight obese 4 Muscles
BMI Group & Liver

Figure 3 Mean fat fraction [%] in pancreas, muscle and liver and confidence intervals for averages (95.0%) in patients with obesity, overweight and normal BMI.

Table 3 Characteristics of the subjects included in the study divided on the basis of BMI (normal weight, overweight and obese) in
terms of fat accumulation value in the pancreas, muscle and liver and the number of MetS criteria met

Variable ANOVA results
BMI group N Mean Median SD F P
Pancreas fat fraction normal 133 5.98 5,00 3,99 30.035 <0.001
overweight 79 9.36 8,00 5,66
obese 55 11.69 10,00 5,58
Muscles fat fraction normal 133 5.25 4.00 4.14 20.275 <0.001
overweight 79 7.56 7.00 531
obese 55 10.93 8.00 8.46
Liver fat fraction normal 133 3.66 2.83 2.67 18.244 <0.001
overweight 79 5.88 4.10 6.19
obese 55 8.26 5.88 6.62
Number of metabolic syndrome criteria normal 109 0.95 1.00 1.03 38.044 <0.001
overweight 74 1.84 2.00 0.98
obese 52 2.33 2.00 0.96

central obesity. Excess fat accumulation in pancreas,
liver, and muscle alongside BMI and WCR increase
was observed, which is graphically illustrated by scatter
plots (Figure 4A-F).

Based on the WCR values analysis, it was found that
the most rapidly relative fat accumulation among the
assessed organs was in muscle, then in the pancreas and
lastly in the liver. It was shown that when waist circum-
ference increases by 1% (percentage point) in relation to
the reference value, fat fraction increases by 0.18%
(SE=0.02%) for muscles, by 0.13% (SE=0.02%) for

pancreas and by 0.12% (SE=0.02%) for the liver.
Regarding BMI, we demonstrated that fat accumulation
also occurs most rapidly in muscle, then in the pancreas
and lastly in the liver. It was estimated that when BMI
increased by one unit, fat fraction increased by 0.56%
(SE=0.08%) for muscles, by 0.50% (SE=0.07%) for pan-
creas and by 0.41% (SE=0.07%) for the liver.

A comparative analysis of fat accumulation in organs in
a group of 133 patients with normal, up to 24.9 kg/m* BMI,
was performed, depending on whether waist circumference
measured in centimeters exceeds the reference values or
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Figure 4 (A-F) Scatter plots graphically illustrating the percentage of excessive fat accumulation in pancreas, liver; and muscle alongside an increase in waist circumference
ratio (WCR) and BMI values.

not. The patients were divided into two groups: I — with  patients who met one criterion to 13% in a patient meeting
normal BMI and without central obesity, and II — with  all five criteria. The average pancreatic fat accumulation in
normal BMI but higher than reference waist circumference.  patients with diagnosed MetS, ie meeting three criteria or
Statistically significant differences in fat accumulation in all  more, exceeded 11% (Figure 5). In the remaining patients
assessed organs between the group of patients with normal  in whom no components of MetS were observed, the
BMI and normal waist circumference (group I) and the average steatosis of the pancreas was 5.42%. The relations
group with normal BMI, but with a higher than reference  between fat accumulation in muscle and liver, and the
waist circumference (group II) were observed. The most number of fulfilled MetS criteria were less expressed,
significant differences between the two groups of patients  especially for liver (Figures 6 and 7).
were found in fat fraction in muscle (Table 4). Regarding BMI value, the mean quantity of MetS
The number of elements meeting MetS criteria was  criteria increased with the growth in BMI from 0.96 in
calculated in all patients. In 70 patients one component patients with normal BMI, to an average of 1.84 in over-
of MetS was found, in 55 two criteria were met, in  weight patients, up to an average 2.33 in obese patients.
52 patients three, in five subjects four and in one all five = There were statistically significant differences between all
components of MetS were present. Higher pancreas stea-  pairs of variables (normal BMI vs overweight, normal
tosis depending on the number of fulfilled MetS criteria BMI vs obese, overweight vs obese) in terms of the
was demonstrated, ranging from an average of 7.84% in  number of the fulfilled MetS (Table 3, Figure 8).

Table 4 Mean fat accumulation in the pancreas, liver and skeletal muscle(s) in patients with normal BMI and without central obesity
(group |, N=76) and with normal BMI but higher than reference waist circumference (group Il, N=57)

Variable Welch’s t-test for independent groups
Mean % SD Mean * SD T P
Group | Group 2
Pancreas fat fraction % 5.338+3.567 6.846+4.372 -2.127 0.036
Muscle fat fraction % 4.259+3.344 6.5611£4.726 -3.136 0.011
Liver fat fraction% 3.205+2.092 4.258+3.200 —-2.161 0.033
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12 submit your manuscript 629
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F(3,231) = 14.57, p<0.001
Mean + CI (95%)

Pancreatic fat fraction [%]

=)

1

2 >=3

Number of metabolic syndrome criteria

Figure 5 Pancreas steatosis depending on the number of fulfilled MetS criteria.

ANOVA results
F(3,231) =13.20, p<0.001
Mean + Cl (95%)

Muscles fat fraction [%]

(=]

1

2 >=3

Number of metabolic syndrome criteria

Figure 6 Muscle steatosis depending on the number of fulfilled MetS criteria.

The number of the fulfilled criteria of MetS in
133 patients with normal BMI depending on waist circum-
ference was also evaluated.

A statistically significant difference (p<0.001) was
found in the average number of MetS criteria met, which
in the patients with normal BMI and without central obe-
sity (group 1) was 0.44 (CI 95% 0.26-0.63) and in the
patients with normal BMI but with higher than reference

values of waist circumference (group 2) was 1.65 (CI 95%
1.36-1.94) (Figure 9).

Discussion
In the presented study, we assessed ectopic fat accumula-
tion in pancreas, liver and skeletal muscle in

267 consecutive patients with obesity, overweight and
normal BMI, in correlation with the presence of central
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ANOVA results

F(3,231)=5.91,

p<0.001

Mean + Cl (95%)

Liver fat fraction [%]

(=

1

2 >=3

Number of metabolic syndrome criteria

Figure 7 Liver steatosis depending on the number of fulfilled MetS criteria.

ANOVA results
(p<0.001)

F(2, 232)=38.044,
2,8

2,6

2,4

2,2

2,0

Number of metabolic syndrome criteria

1,0

08

0,6

normal overweight

BMI Group

& Mean

T Mean £CI (95.0%)

obese

Figure 8 Relation between the average number of fulfilled criteria of MetS depending on the BMI value.

obesity and MetS. Because of the different reference
values of waist circumference depending on gender, we
introduced a completely novel numerical valuethat is uni-
versal for both groups. It is expressed in percent and
described as Waist Circumference Ratio. WCR represents
the ratio of waist circumference of a patient to the refer-
ence value, and makes it possible to assess central obesity
regardless of BMI values of patients.

Analyzing WCR, it was found that in the obese group
waist circumference was on average around 29% higher
compared to the norm, while in the overweight group it
was about 13% higher in relation to the reference value.
It seems that the average WCR values that were above
the normal range for this study are consistent with the
tendency of the general population in which the occur-
rence of overweight and obesity increases in every

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12

submit your manuscript

631

Dove


http://www.dovepress.com
http://www.dovepress.com

Pienkowska et al

Dove

t=-7.081, (p<0.001)
22
2,0
1.8
q
© 1.6
g
o 14 -
£
2
o
12
?
8
°
o
S 10
o
£
k]
5 08
o
E
Z
0,6
0
0,4
0,2
0,0 & Mean
’ Group | Group Il T Mean + Cl (95.0%)
Figure 9 Number of metabolic syndrome criteria met in patients with normal BMI depending on waist circumference (group | — without central obesity, group Il — with

higher than the reference value of waist circumference).

decade. For instance, abdominal obesity is currently esti-
mated to be present in approximately 6.5 million resi-
dents of Poland.**

Because obesity defined by high BMI was not
a criterion for inclusion in this study, it seems that good
correlation of WCR with MetS markers does not mean that
the study cohort was more prone to obesity compared to
the general population.

The most interesting results were obtained in the group
of 133 patients with normal BMI. It turned out that despite
correct body index mass, almost 43% of the subjects had
a high WCR, the majority of which were women. This is
particularly important considering animal model studies
which have shown that an offspring exposed to both
maternal obesity and obesogenic diet have significantly
higher body weight and more expressed metabolic disor-
der in the future®~>>3¢

The results of the study of Oben et al confirm that
maternal diet-induced obesity induces an obese, hyperten-
sive phenotype in offspring. In these dysmetabolic pro-
geny, significant increases in body weight and pancreas
tissue TG content were observed. The work also empha-
sizes that an increase in the incidence of pancreatic cancer
could be programmed by an increasing rate of maternal
obesity.*> It must be pointed out that waist circumference
has recently been considered to be more indicative of the
MetS profile than BMI, and so both BMI along with
abdominal obesity are risk factors of severe health

consequences such asT2DM, cardiovascular diseases and
a range of other conditions, including some forms of

cancer. 15,37-41

Our results, analyzing the comparison
between BMI and WCR with MetS categories, are in line
with this current idea. WCR, the new indicator we have
introduced, allows us to identify the onset of metabolic
abnormalities, even with the normal range of BMI; hence
it seems that it can be used in metabolic risk prediction
and its early prevention through lifestyle modification or
therapeutic intervention accordingly.

Low fat content in the pancreas is a common phenom-
enon and is not associated with clinical symptoms.®*
However, in the available literature, the reported fat accu-
mulation values are often different,'¥2%:26:43

In the paper presented by Wong et al, including 3,000
local Hong Kong residents aged 18 years or above, it was
found that in 90% of the examined subjects who did not
abuse alcohol and did not meet any of MetS criteria, fat
content ranged from 1.8% to 10.4%.*> A prospective
population-based Study of Health in Pomerania including
1,367 volunteers (563 men and 678 women; median age
50 years) showed that the mean unadjusted pancreatic fat
content was 4.4%.%° A nested, prospective case-control
study in the southern part of Germany containing 385
subjects (median age: 57 years, 58.2% males), of which
53 were classified as subjects with diabetes, 95 as predia-
betes, and 237 as controls showed that median pancreatic

fat fraction was 5.2% and it was significantly higher in
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subjects with prediabetes and diabetes as compared to
controls (6.2% vs 8.6% vs 4.9%).>” The first study that
has investigated pancreatic fat disposition postmortem,
carried out by Ogilvie, involved 19 obese patients (17
females, mean age 52) and in 19 non-obese subjects (11
females, mean age 48.5) who died due to a variety of
causes (eg chronic interstitial nephritis, cerebral abscess,
chronic endocarditis, lobar pneumonia). This autopsy
study demonstrated that obese patients had an average of
17.1% fat content in the pancreas, while non-obese
patients showed an average of 9.3% fat accumulation in
the organ.** The last meta-analysis quantified normal mean
pancreatic fat at the level of 4.5+0.9%, and Singh et al
recommended that the normal pancreatic fat cut-off point
of 6.2% is used in the prospective studies.*’

These values are similar to the data we presented,
which assessed that the average ectopic fat accumulation
in the pancreas in patients with normal BMI was 5.98%, in
overweight people it was 9.36%, and in obese patients it
was 11.69%.

The results in the literature showing correlations
between pancreatic steatosis, BMI, waist circumference
and the number of MetS criteria met are often
inconsistent.

In the paper presented by Patel et al it was found that
pancreatic fat did not correlate with age, BMI and diabetes
status, while fat content in the organ increased signifi-
cantly with increasing histology-determined liver
steatosis.*> Contrary, Stamm in 112 unselected autopsies
of adult patients without known pancreatic disease (except
adult-onset diabetes mellitus) showed that the presence of
fat in the pancreas increases with age and an amount >25%
is associated with a significantly higher risk of T2DM.*
Heber et al noted that although pancreatic fat fraction
differs significantly between subjects with prediabetes,
diabetes, and controls, this association may be confounded
by age, gender, and the amount of visceral adipose
tissue.” Conversely, in the paper of Kiihn et al no sig-
nificant differences in pancreatic fat fraction among sub-
jects with normal glucose tolerance, prediabetes,
andT2DM were found.?® Wong et al presented that non-
alcoholic fatty liver disease is associated with central
obesity, hypertriglyceridemia, hyperferritinemia and insu-
lin resistance.?® In the paper presented by Heni et al it was
shown that pancreatic fat content positively correlates with

BMI, visceral adipose tissue and waist circumference. No

association of pancreatic fat amount with age, sex, and
hepatic fat content was found.*®

In contrast to the part of the publications in which it
was found that ectopic fat content in pancreas did not
correlate with BMI or the presence or absence of diabetes,
the values obtained by us showed statistically significant,
moderate positive correlation, both with BMI and WCR as
well as the average number of the met criteria for MetS.

A similar correlation was found in the case of liver and
muscle, where it was shown that the average muscle
steatosis in patients with normal BMI was 5.25%, in over-
weight patients it was 7.56%, and in obese patients it was
10.93%. In the case of the liver, these values were 3.66%,
5.88%, and 8.26%, respectively.

In the available literature, we did not find any infor-
mation regarding the dynamics of fat accumulation in
various organs. Whereas in the material analyzed by our
team, it was shown that fat accumulation is relatively
fastest in muscle, then in the pancreas and finally in the
liver.

We have calculated that increased waist circumference
by 1% in relation to the reference value leads to an
increase in fat accumulation by about 0.18% for muscles,
0.13% for pancreas and 0.12% for the liver. We have also
shown that when BMI increases by a unit, fat infiltration
increases by 0.56% for muscles, by 0.5% for pancreas and
by 0.41% for the liver.

It seems that these data are very interesting and the
assessment of fatty infiltration dynamics of particular
organs and their impact on the risk of MetS require better
knowledge and further research.

The fact that ectopic fat accumulation in various organs
increases with increasing BMI seems to be a logical conclu-
sion, and similar results were presented in other works.**>’

In the analyzed group of patients, the comparison of
people with normal body weight but who are different in
terms of normal or high waist circumference is of the
greatest importance.

In these two groups of patients, statistically signifi-
cant differences were found not only in the amount of
fat accumulated in the pancreas, liver, and muscle but
also in the number of MetS criteria met.

It seems to us that these are the most interesting results
of the work presented, which indicate that the BMI mea-
surement alone is not sufficient to determine the metabolic
risk. Some authors suggest that metabolic risk factors
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should be screened through the waist circumference mea-
surement regardless of BMI.*” On the other hand, many
studies have shown that BMI has comparable efficiency to
waist circumference in predicting the development
of T2DM and other metabolic disorders.**>' For us, only
the combined assessment of BMI and WCR makes it
possible to determine comprehensively the profile of
MetS and also to assess the risk of serious diseases,
which can be reduced, among other things, by modifying
the lifestyle.

It should be emphasized that in the early stages of
MetS, deleterious and progressive changes in each organ
are often asymptomatic and possibly reversible.'>>

Of course, further research is needed to show what
clinical implications of fat accumulation in various organs

are, both in the terms of their damage and systemic effects.

Conclusion

In this study, we found that with the increase in BMI,
WCR, and the number of metabolic syndrome criteria
met, among all organs assessed by us, fat accumulation
in pancreas was the most relevant. For that reason, we
believe that the assessment of ectopic fat accumulation
within the pancreas with the simultaneous assessment of
WCR can play a significant role and may have important
clinical implications. By monitoring these two elements,
the metabolic risk may be predicted, and therefore, early
prevention or possible therapeutic intervention may be
applied.

Abbreviation list

MRI, magnetic resonance imaging; BMI, body mass
index; MetS, metabolic syndrome; WCR, waist circumfer-
ence ratio;, T2DM type 2 diabetes mellitus; HDL, high-
density lipoproteins; TG, triglyceride; NAFPD, non-
alcoholic fatty pancreatic disease; ROI, region of interest.
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