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ABSTRACT

Introduction: Visceral adipose tissue (VAT) is a
risk factor for diabetes and we investigated the
amount of VAT in patients with chronic pan-
creatitis (CP).
Methods: Serial patients with CP seen between
January 2015 and June 2016 were included in
this cross-sectional, observational study. The
study population was divided into alcoholic CP
(group 1; N = 67) and tropical CP (group 2;
N = 35). VAT was estimated using bioelectric
impedance analysis (BIA) and dual energy X-ray
absorptiometry (DEXA) methods. The results
were analyzed by appropriate statistical
methods.
Results: The study participants (85 male, 17
female) had a mean (SD) age of 40.8
(12.6) years, CP duration of 3.7 (4.7) years, and
body mass index of 22.5 (3.2) kg/m2. Pancre-
atogenic diabetes was seen in 54 patients and
the total body fat percentage was lower in the

alcoholic CP group. VAT mass was similar in
both the groups (p = 0.8749). CP patients with
diabetes had a higher VAT mass (436 vs. 341 g)
than those without diabetes (p = 0.0132). DEXA
and BIA correlated in estimation of total body
fat (p\0.0001) but not in VAT (p = 0.0922).
Conclusion: VAT is a determinant in the
development of diabetes, even in patients with
CP. DEXA is a better modality for VAT estima-
tion in comparison to BIA.

Keywords: BIA; Chronic pancreatitis; DEXA;
Diabetes; Visceral adipose tissue

INTRODUCTION

Fat is one of the essential macronutrients for the
body and is distributed mainly in subcutaneous
and visceral areas [1]. This demarcation has
physiological relevance because excess visceral
fat has been associated with many adverse
metabolic consequences [2]. Visceral fat is the
main determinant of insulin resistance, and
many authors have established links between
excessive visceral fat and an exaggerated
inflammatory state [3, 4]. The Indian phenotype
is characterized by excess fat for a given body
weight, which has been termed as the Y–Y
paradox [5]. The accurate estimation of visceral
fat is essential but difficult in clinical practice.
The gold standard for the estimation of body fat
distribution is the hydrostatic weighing method
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or air displacement plethysmography [6]; how-
ever, these techniques are not widely available
and feasible to use in clinical practice. Nonin-
vasive methods of body fat estimation include
the bioelectric impedance analysis (BIA)
method and the use of dual energy X-ray
absorptiometry (DEXA) [7]. Out of these two
methods, DEXA is considered as the gold stan-
dard for the estimation of body components in
a variety of clinical conditions [8].

Chronic pancreatitis (CP) is a disorder char-
acterized by the atrophy and calcification of the
pancreas with loss of exocrine and endocrine
function in varying proportions [9]. The pres-
ence of CP poses a risk of malabsorption syn-
drome as the pancreatic secretions are essential
for the absorption of nutrients and vitamins.
Diabetes secondary to pancreatic disorders has
been defined as pancreatogenic diabetes, and
multiple factors contribute to the risk of dia-
betes in patients with CP [10]. They include the
amount of beta cell loss, amyloid deposits,
atrophy of the pancreas, genetic risk, and
advanced age. The estimation of visceral fat in
patients with CP could help in predicting the
natural course and the likelihood of additional
factors that influence the development of dia-
betes. The published literature about the vis-
ceral fat distribution in patients with CP is
scarce and is limited by the technique of fat
estimation [11, 12]. Hence we conducted this
study to evaluate the visceral fat in a large group
of patients with CP with two different nonin-
vasive methods and made a comparison
according to the etiology of the CP.

METHODS

Study Population

This cross-sectional, observational study was
conducted at a tertiary-level armed forces hos-
pital between January 2015 and December
2016. All patients with a known diagnosis of CP
(aged 18–70) of any duration undergoing fol-
low-up at our hospital were included in the
study. We excluded patients with known sys-
temic disorders (chronic liver disease, chronic
kidney disease, thyroid disease) and long-term

intake of drugs that could affect the body fat
(glucocorticoids and thyroxine). We excluded
patients with CP who had steatorrhea and signs
of malabsorption. The patients were divided
into two groups based on the etiology for the
comparison: group 1 (alcoholic CP) and group 2
(tropical CP). The local ethics committee
approved the trial protocol and the study, being
cross-sectional and observational in nature,
precluded the registration with any known
database from our country. All procedures fol-
lowed were in accordance with the ethical
standards of the responsible committee on
human experimentation (institutional and
national) and with the Helsinki Declaration of
1964, as revised in 2013. Informed consent was
obtained from all patients for being included in
the study.

Study Measures

A detailed history regarding the CP profile was
obtained from all the participants. A general
physical examination was conducted that
include measurements which are relevant for
the identification of abdominal obesity.
Abdominal circumference (AC) was measured as
the narrowest circumference between the lower
costal margin and the iliac crest in centimeters.
A fasting venous blood sample after an over-
night fast for more than 12 h was collected from
each participant at 0800 hours. The serum was
analyzed for hematological and biochemical
parameters. The intra- and interassay coefficient
of variation for all the tests is less than 6% in
our laboratory.

Body fat percentage and visceral fat were
determined in the fasting state at the same time
of the day by both methods using BIA and
DEXA sequentially. The subjects did not exer-
cise or consume caffeine or alcohol prior to the
measurement of body fat percentage. BIA was
performed using an Omron HBF-701 instru-
ment (Omron Corporation, Shimogo-ku, Kyoto,
Japan) and DEXA was performed using a Holo-
gic QDR 2000 (Hologic �, Bedford, MA 01730,
USA). The machine calculates the percentage
fat, estimated VAT in grams, and other impor-
tant body composition parameters [13].
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Study Definitions

Diabetes and prediabetes were defined as per the
American Diabetes Association (ADA) guideli-
nes [14]. Pancreatogenic diabetes was classically
diagnosed as per the criteria proposed by Ewald
and Bretzel [15]. However, we excluded patients
with exocrine deficiency and patients with
onset of diabetes prior to the diagnosis of CP.
Hence the spectrum of diabetes evaluated in our
study is a combination of T2DM and pancre-
atogenic diabetes. CP was diagnosed on the
basis of clinical and imaging criteria [16]. Alco-
holic CP was diagnosed in a patient with alco-
hol consumption of more than 14 units per

week for 5 years prior to the onset of CP. Trop-
ical CP (TCP) was diagnosed in patients with no
identifiable cause along with normal radiologi-
cal appearance of gall bladder and normal
gamma-glutamyl transpeptidase (GGT).

Statistics

Data are presented as mean ± SD, and a com-
parison between the groups was done using
nonparametric (Mann–Whitney U test) and
Fisher’s exact tests. Spearman’s correlation test
was used for correlation between numerical
variables and a P value of less than 0.05 was

Table 1 Comparison of body composition parameters between the two groups of CP

Feature Units Group 1 (alcoholic CP), n5 67 Group 2 (TCP), n5 35 p value

Demographic parameters

Age Years 40.4 (11.8)a 41.4 (14.2) 0.7114

Sex Male/

female

67:0 18:17 <0.0001

Duration of chronic pancreatitis Years 3.2 (3.2) 4.4 (6.7) 0.2233

Diabetes mellitus Yes/no 40:27 14:21 0.0643

Duration of diabetes mellitus Years 1.6 (2.8) 2.1 (5.9) 0.5754

Weight kg 64.6 (10.4) 60.8 (11.1) 0.0927

BMI kg/m2 22.4 (3.2) 22.8 (3.3) 0.4849

Abdominal circumference cm 84.4 (8.8) 85.9 (9.1) 0.4431

BIA parameters

Body fat % 23.4 (6.2) 27.2 (8.3) 0.0010

Visceral fat % 6.4 (3.9) 7.5 (3.6) 0.1629

Resting metabolic rate (RMR) U/L 1464 (179.7) 1414 (189) 0.1892

Physiological age Years 39.6 (11.9) 44.2 (15.3) 0.0923

DEXA parameters

Body fat % 23.6 (4.7) 29.6 (9.5) <0.0001

Visceral adipose tissue g 406.6 (169.1) 412.5 (198.2) 0.8749

Total fat mass g 15,514 (5622) 18,764 (7153) 0.0133

Android/gynoid ratio Number 1.07 (0.19) 1.02 (0.18) 0.1609

Bold indicate significant p values
a Mean (SD)
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considered significant. The statistical analysis
and graph generation were done using the
Graph Pad Prism Software, Version 6 (Graph
Pad Software, San Diego, CA, USA).

RESULTS

The study participants consist of 85 men and 17
women with a mean age of 40.8 ± 12.6 years,
mean CP duration of 3.7 ± 4.7 years, body
weight of 63.3 ± 10.8 kg, and mean body mass
index (BMI) of 22.5 ± 3.2 kg/m2. A total of 67
patients had alcoholic CP and the remaining 35
had TCP. Pancreatogenic diabetes mellitus was
seen in 54 patients with average glycosylated
hemoglobin of 7.5 ± 1.6%. The antidiabetic
treatment consists of metformin alone (n = 18),
combination of oral drugs (n = 14), and insulin
along with oral antidiabetic drugs (n = 22).
Hypertension was present in 16 patients and all
the patients had adequate control. The baseline
parameters and the results of the body fat esti-
mation of both groups are given in Table 1.
Briefly, alcoholic CP was seen only in men and
the body fat percentage was lower in the alco-
holic CP group. However, the visceral fat mass
was not different between the two groups. VAT
was 421.9 ± 180.6 and 342.4 ± 156.9 g in men
and women, respectively (p = 0.1605). Visceral

fat estimated by BIA was 6.6 ± 3.9% and
7.6 ± 3.1% in men and women, respectively
(p = 0.2198). The fasting serum insulin was
5.6 ± 5.5 and 7.1 ± 6.7 pmol/L in groups 1 and
2, respectively (p = 0.2739).

We analyzed the body fat distribution as per
the status of the diabetes and the results are
shown in Table 2. Briefly, the total body fat
percentage was the same, but the percentage of
visceral fat was higher in the patients with dia-
betes. The patients with diabetes had a lower
resting metabolic rate (RMR) in comparison to
patients without diabetes. BIA and DEXA
showed a linear correlation with regard to the
body fat estimation, but did not match in the
visceral fat estimation as shown in Fig. 1. The
RMR showed a negative correlation with
advancing age (p = 0.0026). Visceral adipose
tissue by DEXA did not show any correlation
with age (p = 0.5090). The adipose tissue
parameters did not show any correlation with
the duration of diabetes as shown in Fig. 2.

DISCUSSION

Our study showed a few interesting findings in
the body composition and VAT mass of CP
patients. The total body fat was lower in
patients with alcoholic CP in comparison to

Table 2 Comparison of parameters between patients with and without diabetes

Feature Units Group 1 (DM present), n5 54 Group 2 (DM absent), n5 48 p value

BIA parameters

Body fat % 24 (7)a 25.4 (7.4) 0.3342

Visceral fat % 6 (3.2) 7.6 (4.2) 0.0349

Resting metabolic rate (RMR) U/L 1410 (181.7) 1488 (186.7) 0.0327

Physiological age Years 40.7 (10.9) 41.7 (15.6) 0.6887

DEXA parameters

Body fat % 24.9 (6.8) 26.5 (7.7) 0.2842

Visceral adipose tissue g 435.5 (132.2) 341.4 (181.3) 0.0032

Total fat mass g 16,250 (6008) 17,057 (6745) 0.5244

Android/gynoid ratio Number 1.04 (0.13) 1.06 (0.22) 0.5558

Bold indicate significant p values
a Mean (SD)
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those with TCP. This is self-explanatory as the
patients consuming alcohol are prone to mal-
absorption and have less body fat [17]. Patients
with long-standing alcohol intake are more
prone to malnutrition and have an increased
risk of vitamin and mineral deficiency [18]. The
malnutrition in CP could be due to multiple
factors like poor oral intake, duodenal obstruc-
tion, secondary diabetes, and increased meta-
bolic activity [19]. However, the interesting
finding is that the patients with alcoholic CP
have the same amount of VAT in comparison to
those with TCP. This suggests that VAT is
genetically determined and not influenced by
external factors. Previous research has shown
that the visceral fat is determined by the waist
circumference and certain transcription factors
[20, 21].

Our data showed that the patients with DM
had a low RMR when compared with the

controls. RMR is the rate of the resting energy
expenditure that is required by the body with-
out any activity. High RMR is a characteristic
finding of the active inflammatory state in acute
pancreatitis [22]. We excluded patients with
exocrine dysfunction and acute pancreatitis,
thereby limiting the role of RMR assessment.
The low RMR could have contributed to the
high prevalence of VAT in patients with dia-
betes in our study. We used BIA for the esti-
mation of RMR, which has been shown to be
comparable with RMR derived from the Har-
ris–Benedict equation [23]. The average pre-
dicted RMR was 1371 kcal/day in that study,
which is comparable to our data. Another study
showed that patients with a BMI less than
20 kg/m2 had a higher predicted RMR in alco-
holic CP [24]. Malnutrition is a common com-
ponent in the patients with CP and calculation
of the RMR is essential in planning the nutri-
tional requirement of the patients.

Another interesting finding from our study is
the observed discrepancy between BIA and
DEXA in the estimation of the total body fat
and VAT (Fig. 1). This could be explained by the
lack of sensitivity of the BIA method for the
estimation of VAT. BIA is a method that is based
on the passage of an electric current in the body
tissue and is affected by a wide variety of factors
[25]. DEXA is a better modality and is often
comparable to hydrodensitometry or air dis-
placement plethysmography [26]. Hence, it is
recommended that DEXA should be used for

Fig. 1 Correlation between BIA and DEXA regarding fat
percentage

Fig. 2 Correlation between VAT and the duration of
diabetes

Diabetes Ther (2017) 8:1057–1064 1061



the estimation of VAT, rather than the BIA
method. Few studies have looked at the corre-
lation of VAT and subcutaneous adipose tissue
(SAT) with pancreatic exocrine function [27].
Body composition studies have shown that
pancreatic exocrine function is closely linked to
muscle mass and sarcopenia [28]. However, we
excluded all patients with exocrine dysfunction
to study the role of VAT in endocrine dysfunc-
tion alone.

The strengths of our study include assess-
ment of VAT by two methods commonly
available in clinical practice and identifying the
relevance of VAT estimation in the manage-
ment of CP. The limitations of our study
include the small sample size, lack of compar-
ison of body composition parameters with the
gold standard method (hydrostatic weighing or
air displacement plethysmography), and the
data being derived from a single center and
thereby may not be applicable to the entire
population. The cross-sectional nature of our
study limits the usefulness in predicting the
cause and effect relation between VAT and dia-
betes in CP. Another limitation was the exclu-
sion of patients with exocrine deficiency and
thereby being unable to decipher the effect of
insulin on exocrine functions of the pancreas.

CONCLUSION

VAT is one of the determinants in the devel-
opment of diabetes, even in patients with CP.
DEXA is a better modality for VAT estimation in
comparison to BIA. Further large-scale studies
with larger numbers of patients are required to
confirm the findings observed in our study.
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