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Abstract
Introduction Excessive fat accumulation in the gastrointestinal tract is pathologic. Gastric mucosal polyposis due to excessive
submucosal fat infiltration in a bariatric partial gastrectomy specimen was encountered, which has not been described in the
literature. This observation prompted us to assess the extent of fat in gastric submucosa and study the incidence of mucosal
polyposis due to submucosal fat accumulation in morbidly obese patients.
Materials andMethods Archived pathology slides of 128 bariatric partial gastrectomy specimens including the index case and 89
control cases obtained fromWhipple’s procedure were examined. The amount of submucosal fat was categorized as 0 (no fat), 1
(up to 70% fat), and 2 (> 70% fat). The maximum submucosal fat thickness was measured with the interval cutoff of 5 mm and
10 mm.
Results Of the 128 cases, 90 (70.3%) were category 1 and 31 (24.2%) were category 2. Maximum submucosal fat thickness was
> 10 mm in 3 (2.3%) cases including the index case. The extent of submucosal fat accumulation correlated with the body mass
index. The frequencies of category 2 and > 10 mm of fat thickness were higher in the bariatric patient group compared with the
control group.
Conclusion We propose a submucosal fat thickness of > 10 mm and diffuse (> 70%) fat accumulation as diagnostic criteria for
gastric lipohyperplasia. Using these criteria, the prevalence of gastric lipohyperplasia in the morbidly obese population is 2.3%. A
subset of these may present as gastric mucosal polyps.

Keywords Obesity . Bariatric . Lipomatosis . Lipohyperplasia . Polyposis

Introduction

Obesity and associated conditions such as metabolic syn-
drome and type 2 diabetes mellitus are a worldwide epidemic
and contribute to significant mortality and morbidity [1].
Pathologically, obesity manifests as excessive accumulation
of fat not only in its normal anatomic locations but also in
ectopic locations [2]. Increased hepatic and visceral fat are
well-known ectopic fat depots and are associated with insulin
resistance and poor health outcome [2, 3]. Excessive accumu-
lation of fat in the gastrointestinal tract has been studied in
detail as part of inflammatory bowel diseases, particularly in
Crohn’s disease [4]. In patients without inflammatory bowel
disease, submucosal fat accumulation in colon correlates with
body weight and is related to obesity [5]. Submucosal exces-
sive fat accumulation in the ileocecal valve is reported to cause
local mechanical symptoms [6, 7] and correlates with body
mass index (BMI) [8], suggesting that abnormal submucosal
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fat accumulation at the ileocecal valve is a part of pathological
process of obesity.

We encountered a case of bariatric surgery specimen
wherein a portion of stomach exhibited multiple mucosal
polyps. The polyps were due to excessive and diffuse accu-
mulation of fat in the gastric submucosa. Although excessive
fat accumulation in the gastric submucosa has been described
and referred as gastric lipomatosis or lipohyperplasia [9, 10],
this is not a usual location of fat accumulation and is consid-
ered ectopic. Gastric lipohyperplasia may represent a pathol-
ogy associated with obesity.

We evaluated whether the degree of gastric submucosal fat
accumulation correlates with BMI similar to ileocecal
lipohyperplasia. Further, we studied the incidence of gastric
mucosal Bpolyposis^ due to excessive accumulation of sub-
mucosal fat in patients that underwent bariatric surgery.

Materials and Methods

The study was approved by an institutional review board.

Study (Bariatric Patients) and Control Groups

In the study group, 127 consecutive patients and the index
case (a total of 128 patients) that had undergone partial gas-
trectomy as a part of bariatric surgery were included. Patients’
characteristics such as age, gender, and BMI and any relevant
information including previous gastric biopsy results were
noted from electronic medical records.

For the control group, we included 89 consecutive patients
w h o h a d u n d e r g o n e W h i p p l e ’ s p r o c e d u r e
(pancreaticoduodenectomy) for pancreatic, bile duct, ampul-
lary, and duodenal neoplasm/disease where a portion of the
stomach was removed as part of the surgery but was not in-
volved with the disease.

Assessment of Submucosal Fat Accumulation

Archived hematoxylin and eosin (H&E)–stained slides from
the stomach were evaluated, and the extent of submucosal fat
and the maximum thickness of submucosal fat were assessed.
The extent of fat accumulation was categorized based on the
percentage of fat tissue in the submucosa in the given sample
as follows: 0, no excessive fat accumulation; 1, up to 70% fat
accumulation; and 2, more than 70% fat accumulation. The
thickness was measuredwith an interval cutoff of 5mm, upper
normal limit of submucosal thickness on imaging [11], and
10 mm and reported in three tiers as up to 5 mm, 5 to 10 mm,
and > 10 mm in thickness.

Correlation Between Submucosal Fat Accumulation
and BMI

We assessed correlation in the study group firstly between the
BMI and the extent of submucosal fat and secondly between
the BMI and maximum fat thickness in the submucosa.

Statistical Analysis

An unpaired t test was employed to analyze the difference
between the two groups. The significance was analyzed using
the Mann-Whitney test using Graph Pad Prism software
(Version 7.04, La Jolla, CA, USA). p value of 0.05 or less
was considered statistically significant.

Results

Case Report

The index case was a 46-year-old obese male with BMI of
38.5 kg/m2, who underwent preoperative endoscopy followed
by bariatric partial gastrectomy. Multiple gastric polyps were
noted endoscopically (Fig. 1a). A few polyps were biopsied
and histological examination revealed no obvious epithelial
lesion, while submucosa was not available for assessment.
Subsequent partial gastrectomy specimen showed gross mul-
tiple polyps (Fig. 1b). Histological evaluation revealed exces-
sive accumulation of fat (more than 70%) with polypoid thick-
ening of the submucosa (Fig. 1c). The maximum thickness of
fat was 12 mmwhen measured from the submucosal tip of the
polyp to the upper layer of themuscularis propria. Themucosa
was unremarkable.

Demographics

The mean age of the patients from the study group was
46.1 years (range 19 to 69 years) with 29 males and 99 fe-
males. The mean BMI was 43.75 kg/m2 (range 33.63–
73.19 kg/m2). The mean age of the patients from the control
group was 61.8 years with 51males and 38 females. Themean
BMI was 26.33 kg/m2 (range 17.16–42.43 kg/m2) in the con-
trol group (Table 1).

Gastric Submucosal Fat Accumulation in the Study
and Control Groups

Histopathological analysis of 128 cases and 89 control cases
revealed that 76% of the study group and 93% of the control
group showed ≤ 70% of submucosal fat accumulation (cate-
gory 0 and 1). Twenty-four percent (31 of 128) of bariatric
patients showed > 70% fat accumulation in the submucosa
(category 2) compared with only 7% of the control group.
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The difference was statistically significant (p < 0.001)
(Table 2).

The great majority of cases in both study and control
groups (81% in the study group and 97% in the control group)
showed submucosal fat thickness of < 5 mm. In contrast, only
3 (2.3%) cases showed submucosal fat thickness of > 10 mm,
all in the bariatric group (Table 3). The three cases also had
more than 70% of fat in the submucosa. The number of cases
in which the maximum submucosal fat thickness was between
5 to 10 mm was significantly higher in the bariatric group (21
of 128, 16.4%) as compared with the control group (3 of 89,
3.4%) (p = 0.002). Likewise, the median of the maximum
submucosal fat thickness in the study group was higher
(4 mm) compared with that in the control group (1 mm) and
the difference was statistically significant (p < 0.0001)
(Fig. 2).

In the study group, there was a significant difference in
BMI between the cases with submucosal fat extent of up to
70% and greater than 70% (p = 0.02) (Fig. 3). No statistically
significant correlation was noted between the BMI and max-
imum submucosal fat thickness in the study group.

Preoperative Endoscopy and Biopsy

One hundred six patients in the study group had preopera-
tive endoscopy, and 48 of these had preoperative biopsy. In
total, 13 patients including the index patient showed polyps
or polypoid lesions on endoscopic examination. Upon mi-
croscopic examination, 7 were fundic gland polyps, 2 were
hyperplastic polyps, 1 showed intestinal metaplasia, and 1

showed Helicobacter pylori gastritis. The biopsy of the
polyp from the index patient and another patient did not
show significant pathology in the mucosa on microscopic
examination. Including the 11 patients with endoscopically
observed polyp/polypoid lesions that were pathologic, in
total, 15 patients showed pathologic changes in gastric bi-
opsies. Additional pathologic changes identified in non-
polypoid gastric mucosa included reactive gastropathy in
3 and non-polypoid Helicobacter pylori gastritis in one.
Neither fat tissue nor submucosal tissue was present in
preoperative biopsies. Corresponding gastrectomy speci-
mens from these 15 patients did not show polypoid projec-
tion of submucosal fat.

Incidence of Gastric Mucosal Polyposis Secondary
to Submucosal Fat Infiltration

In the study group, 1 of 128 (0.8%) patients presented with
gastric mucosal polyposis secondary to excessive submucosal
fat infiltration. When only the cases with category 2 and the
submucosal fat thickness of > 10 mm were considered, the
incidence of gastric mucosal polyposis due to submucosal
fat infiltration was 33% (1 of 3).

Conclusion

Fat accumulation in the stomach, so-called gastric
lipomatosis, has been described in the literature since the
1950s [9, 10, 12–14]. We report a first case where fat

Table 2 Extent of gastric submucosal fat infiltration in the study
(bariatric) group and control group

Submucosal fat extent category Bariatric patients Control group

0 7 (5.4%) 16 (17.9%)

1 90 (70.3%) 67 (75.3%)

2 31 (24.2%) 6 (6.7%)

Fig. 1 Gastric lipohyperplasia. a Endoscopy showing multiple polypoid
lesions, predominantly in the fundus. b Gross examination confirmed the
endoscopic finding of multiple mucosal polyps (inset: closer view of the
arrow depicting a polyp). c On histological examination, diffuse

submucosal fat infiltration leading to polypoid projection of the mucosa
was noted. The mucosa is unremarkable (hematoxylin and eosin,
scanning view, inset: higher magnification view of submucosal adipose
tissue)

Table 1 Patient characteristics in the study group and control group

Bariatric patients Control group

Age, mean (range) 46.1 (19–69) 61.8 (18–85)

Male:female 29:99 51:38

BMI (kg/m2), mean (range) 43.75 (33.63–73.19) 26.33 (17.16–42.43)
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accumulation in the gastric submucosa presented as multiple
Bmucosal polyps.^ The mucosal polypoid projections were
secondary to diffuse fat infiltration in the submucosa rather
than discrete submucosal lesion or mucosal abnormality.
Upon evaluation of larger number of cases, we found that
diffuse infiltration of fat in the submucosa is more evident in
obese patients as compared with controls and the degree of
obesity represented by BMI indeed is associated with the pres-
ence of excessive submucosal fat infiltration in the stomach.
We believe that this represents another site for ectopic fat
deposition in addition to well-known ectopic depots such as
liver and muscle [2, 3].

Similar submucosal fat accumulation has been described in
the ileocecal valve and termed as lipohyperplasia. The degree
of ileocecal lipohyperplasia correlated with BMI and to some
extent with fat infiltration of other organs [8]. We herein de-
scribe similar pathological findings in the stomach and report
the positive correlation between BMI and the extent of sub-
mucosal fat accumulation at this site. Given the similarities
between gastric vs. ileocecal submucosal fat infiltrations, the
term gastric Blipohyperplasia^ appears to be appropriate for
usage to describe this phenomenon.

The two terms, lipomatosis and lipohyperplasia, are fre-
quently used interchangeably [10]. The term lipomatosis has
been used for multiple lipomas, excessive submucosal fat in-
filtration, and grossly obvious lipoma-like lesions [6, 10, 14].
It is also plausible that some of the earlier reports describing

multiple lipomas might have had diffuse submucosal fat infil-
tration as found in our study group but may have been termed
as multiple lipomas. Interestingly, some of the patients that
were described to have multiple lipomas were obese; thus, it
was suggested that the weight of patients should be taken into
consideration when diagnosing lipoma-like lesion in the stom-
ach [14].

Local fat accumulation in other organs is linked to an in-
creased risk of developing malignancy through a
procarcinogenic inflammatory process [15]. Similarly, there is
known increased risk of gastric cancer in obese patients [16].
Therefore, submucosal fat accumulation in the stomach, as ob-
served in this study, may be one of the risk factors and a key
player in gastric carcinogenesis.

We believe the presence of gastric polyps in obese patients
should prompt a biopsy not only to rule out epithelial lesions
but also to assess fat accumulation. As seen in our index case,
a subset of excessive gastric submucosal fat infiltration may
present as mucosal polyps without epithelial abnormality.
Likewise, surgical specimens from bariatric surgeries should
be carefully evaluated not only for obvious gross lesions but
also for submucosal fat infiltration. The extent of submucosal
fat infiltration in this population may potentially be an indica-
tor of the severity of obesity and prognosticator for associated
conditions, such as insulin resistance [3]. In the future, the
clear role of this evaluation for gastric carcinogenesis may
likely emerge.

Table 3 Maximum thickness of
submucosal fat in the study
(bariatric) group and control
group

Maximum thickness of submucosa fat (mm) Bariatric patients Control group

≤ 5 104 (81.3%) 86 (96.6%)

> 5– ≤ 10 21 (16.4%) 3 (3.4%)

> 10 3 (2.3%) 0 (0%)

Fig. 2 Assessment of submucosal fat thickness. There was significant
difference in the submucosal fat thickness between the control and
bariatric groups (p < 0.0001)

Fig. 3 When the bariatric patients were divided into two groups based on
the extent of submucosal fat involvement of up to 70% and greater than
70%, their body mass indices (BMI) was significantly different (p = 0.02)
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Based on our findings, we propose a submucosal thickness
of a minimum 10mm and diffuse (> 70%) fat accumulation in
the stomach as diagnostic criteria for gastric lipohyperplasia.
Using these criteria, the prevalence of gastric lipohyperplasia
in the morbidly obese population is 2.3%. A subset of these
(33% in our study) may present as mucosal polyps or
polyposis. Gastric polyps secondary to gastric lipohyperplasia
may be under-recognized.

The limitation of our study is the heterogeneous sampling
of the control group. While the study group was mostly from
the gastric body, different parts of the stomach were sampled
in Whipple’s procedure specimens. However, given the de-
gree of statistical significance in the comparisons, we believe
sampling would not have affected the results significantly.
Also, we acknowledge that a classification cannot be devised
based on a single study. However, we hope that our attempt to
start the discussion herein would facilitate recognition of var-
iable pathologic changes associated with obesity that had been
overlooked, and help us better understand the pathogenesis of
obesity and related conditions.
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