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A B S T R A C T

Purpose: To investigate the relationship between gastric wall fat halo sign and visceral obesity with potentially
associated diseases.
Materials and methods: Between September 2015 and April 2017, 90 patients with gastric wall fat halo signs and
130 controls were prospectively evaluated. Patient height, weight, body mass index (BMI), sex, age, sub-
cutaneous fat area (SFA), visceral fat area (VFA), total fat area (TFA), percentage of visceral fat (VF%) and the
presence of colic or ileal fat halo signs, hepatic steatosis and aortic calcified plaques were recorded for the two
groups. Cut-off values for the VFA, TFA, and VF% were determined and the diagnostic efficacy was calculated
using receiver operating characteristic (ROC) curve analysis.
Results: No significant differences were found in age, BMI and SFA, but the VFA, VF%, TFA and frequencies of
colic or ileal fat halo signs, hepatic steatosis and aortic calcified plaques were significantly higher in the patient
group. The areas under the ROC curve (AUCs) were 0.803, 0.770 and 0.596 for VFA, VF% and TFA, respectively.
The diagnostic efficacies of VFA and VF% were significantly higher than those of the TFA.
Conclusion: Gastric wall fat halo signs may be observed in overweight people, especially those with increased
VFA and VF%. Additionally, these signs are usually observed along with fat halo signs of the colon or terminal
ileum. However, extensive studies are needed to clarify the relationship between gastric wall fat halo signs and
type 2 diabetes, cardiovascular diseases and metabolic syndrome.

1. Introduction

The fat halo sign is described as infiltration of the submucosa with
fat, between the muscularis propria and the mucosa on abdominopelvic
computed tomographic (CT) scans [1]. The fat halo sign is character-
ized by an inner (mucosa) layer, and an outer (muscularis propria and
serosa) layer of soft-tissue attenuation with a fatty attenuation middle
layer (submucosa) [2,3]. The fatty submucosa layer typically ranges
between −10 and −64 Hounsfield units (HU) [4].

Fat halo signs were initially associated with CT scans of chronic
inflammatory bowel disease patients [5–8]. Additionally, these signs
suggest ulcerative colitis when the colon is affected and Crohn's disease
when the fat halo sign is observed on the small intestine. The fat halo
sign can be observed in patients who have undergone cytoreduction
therapy and in graft versus host disease [9,10]. However, submucosal
fat deposition may also be visible in the colon and small bowel of pa-
tients without gastrointestinal disease. Therefore, it is speculated that
fat halo signs may be a normal finding related to obesity, especially
visceral obesity [9].

Only a small number of studies have investigated fatty infiltration of

the submucosal layer of the gastric wall [9,10]. However, these studies
have not clarified the relationship between gastric wall fat halo signs
and other diseases or obesity. In this study, we aimed to investigate the
relationship between gastric wall fat halo signs and visceral obesity as
well as other potentially associated diseases.

2. Materials and methods

2.1. Study population

Between September 2015 and April 2017, among patients who
underwent unenhanced abdominopelvic CT due to clinical suspicion of
ureterorenal stones, 94 patients with gastric wall fat halo sign were
prospectively recorded. The patients' CT images were retrospectively re-
evaluated by two radiologists (A.K. 8 years experience and G.D. 5 years
experience) to reach a consensus. Four patients were excluded from the
study due to chronic inflammatory bowel disease. Therefore, 90 pa-
tients were included in the final study.

The control group comprised 130 patients from the clinical database
who underwent unenhanced abdominopelvic CT due to clinical
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suspicion of ureterorenal stones and had no evidence of a gastric wall
fat halo sign. Age, sex, body weight (kg) and height (m) were recorded
for the patient and control groups. Additionally, the body mass index
(BMI) was calculated as weight (kg) divided by the square of the height
(m) for both groups. The study was approved by the Institutional Ethics
Committee.

2.2. CT protocol

All CT examinations were performed using 16 slices (Toshiba
Aquilion, Toshiba Medical Systems, Japan) with axial 2-mm thick re-
constructed images from the diaphragm to the pubic symphysis. All
patients were examined using the standard scanning protocol without
intravenous contrast due to a clinical suspicion of ureterorenal stones.
None of the patients received oral contrast agents. The CT protocol was
as follows: 120 kVp, tube current of 150–165mAs, maximum 2.5 mm
collimation, slice thickness of 2mm and 0.5 s rotation time. The images
were reconstructed into multiplanar reformations.

2.3. Analysis of CT images

The CT images were re-evaluated by two radiologists to reach a
consensus. A gastric wall fat halo sign diagnosis was defined as linear
fat accumulation in the submucosal layer of the gastric wall with at-
tenuation of<−10 HU (Fig. 1). The specific part of the gastric wall
where the fat halo sign was observed was recorded. These sites included
the fundus, greater curvature, lesser curvature, antropyloric junction
and diffuse areas. The presence of a fat halo sign on the colon wall or
small intestine was also recorded.

The cross-sectional abdominal visceral (VFA) and subcutaneous fat
areas (SFA) were evaluated by CT using commercially available soft-
ware (Aquilion, Toshiba Medical Systems) at the umbilical level. The
VFA and SFA were measured by setting the attenuation values for a
region of interest between −150 and −30 HU. The intra-abdominal fat
tissue between the parietal peritoneum or the transversalis fascia, not
including the vertebral column and paraspinal muscles, was defined as
the VFA. The area between the dermis and the abdominal fascia was
defined as the subcutaneous fat area. The total fat area

(TFA=SFA+VFA) and the percentage of visceral fat (VF%=VFA /
TFA×100) were obtained simultaneously.

The attenuation of the right hepatic lobe was measured using a
standard ROI of approximately 200mm2, avoiding the biliary, vascular,
and extrahepatic structures and focal liver lesions. Hepatic steatosis was
then defined as a liver attenuation value of 40 HU or less [11–13].

Additionally, the presence of ureterorenal stones or calcified
atherosclerotic plaques in the abdominal aorta was recorded from the
aortic hiatus to the point of iliac bifurcation.

2.4. Statistical analyses

Data analyses were conducted using MedCalc Statistical Software
version 16.8 (MedCalc Software bvba, Ostend, Belgium) and SPSS 13.0
Statistical Software (SPSS Inc., Chicago, IL, USA). Descriptive statistics,
including the means and ranges, were calculated for the age, BMI, SFA,
VFA, TFA, and VF% in the patient and control groups. Normal dis-
tributions were verified using the Kolmogorov-Smirnov test. The non-
parametric Mann-Whitney U test and the parametric Student's t-test
were used to compare the CT findings between groups. The Mann-
Whitney U test was used to analyze BMI. Student's t-tests were used to
analyze the age, SFA, VFA, TFA and VF%. Additionally, Chi-squared
tests were used to examine differences in the frequencies of ureteror-
enal stones, colonic-ileal fat halo signs, hepatosteatosis, and aortic wall
calcified plaques between groups. Also, 56 cases from patient group and
57 cases from control group with similar VFA were selected to de-
termine the relationship betwen gastric wall fat halo sign and ureter-
orenal stones, aortic wall calcified plaques, hepatosteatosis. Then, chi-
squared tests were performed again to determine differences in the
frequencies of ureterorenal stones, hepatosteatosis, and aortic wall
calcified plaques between these new groups. Optimal cut-off points for
the VFA, TFA, VF% were determined via receiver operating char-
acteristic (ROC) curve analysis. If the obtained value was less than a
given cut-off value, the patient was classified as not having a gastric
wall fat halo sign. If the value was above the cut-off value, the patient
was considered to have a gastric wall fat halo sign. The sensitivity,
specificity, positive predictive value (PPV), negative predictive value
(NPV) and accuracy of these parameters were calculated. The area

Fig. 1. 47 year-old man with renal colic. Unenhanced abdominal CT image shows thin linear fatty infiltration in submucosal layer of gastric wall with attenuation
value<−10 HU.
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beneath the fitted binormal ROC curve (AUC) was used to determine
diagnostic efficacy. The AUC values were calculated and compared for
selected parameters. Finally, odds ratios (ORs) were calculated in the
univariate analysis. A p value< 0.05 indicated statistical significance.

3. Results

In the present study, 90 patients (55 male, 35 female) with gastric
wall fat halo signs and 130 control patients (67 male, 63 female) were
evaluated. The mean ages of the patient and control groups were
51.7 ± 14 and 49.5 ± 13 years, respectively. The mean height (m)
and body weight (kg) of the patient and control groups were
1.67 ± 0.1m and 1.68 ± 0.1m and 83.3 ± 12.3 kg and
85.4 ± 10.6 kg, respectively. The mean BMI (kg/m2) values of the
patient and control groups were 30.1 ± 4.4 and 29.6 ± 3.8, respec-
tively. No statistically significant differences were observed in the mean
height, body weight or BMI between the two groups (p > 0.172).

The mean SFA, VFA, TFA, and VF% values in the patient and control
groups were as follows: SFA: 304.4 cm2 and 312.1 cm2; VFA: 208.7 cm2

and 143.5 cm2; TFA: 512.7 cm2 and 455.6 cm2 and VF%: 41 and 32,
respectively. No significant difference was observed in the SFA
(p=0.952). However, significant differences were detected in the VFA,
TFA, and VF% between the two groups (p < 0.003) (Figs. 2, 3)
(Table 1).

The ROC curves for the VFA, VF% and TFA are shown in Fig. 4. The
AUCs were 0.783, 0.770 and 0.596 for the VFA, VF% and TFA, re-
spectively. The AUCs for the VFA and VF% were significantly higher
than the AUC for the TFA (p < 0.002). The optimal cut-off values
derived from the ROC analysis that provided the highest sensitivity and
specificity for the VFA, VF% and TFA were 167.1 cm2, 35 and
475.9 cm2, respectively. The diagnostic values obtained with these cut-
off values are presented in Table 2. The highest diagnostic values ob-
tained for the VFA were 75.6% sensitivity, 73.1% specificity and 70.8%
accuracy.

Gastric wall fat halo signs were most frequently observed in the
greater curvature (96.7%), followed by the fundus (74.7%), lesser
curvature (63.7%) and antropyloric region (29.7%). Additionally, dif-
fuse fat halo signs were detected in 24.2% of cases.

Values regarding the presence of colonic-ileal fat halo signs,

hepatosteatosis, ureterorenal stones and aortic wall calcified plaques
are shown in Table 1. Also, the frequencies of ureterorenal stones,
aortic wall calcified plaques, and hepatosteatosis in patient and control
groups with similar VFA are shown in Table 3.

The OR analyses revealed that the presence of a fat halo sign in the
terminal ileum (OR 12.11), VFA (OR 7.39), and VF% (OR 7.06) was
associated with the presence of a gastric wall fat halo sign (Table 4).

4. Discussion

In the present study, we found that gastric wall fat halo signs are
strongly associated with visceral obesity. Among the VFA, VF% and
TFA, the VFA had the greatest predictive value and provided 70.8%
accuracy. We also found that a fat halo sign in the terminal ileum had
an OR of 12.11 and was the most strongly associated factor for the
presence of a gastric wall fat halo sign.

Only a limited number of studies have investigated fat halo signs in
the gastrointestinal system [4,6,9,10,14,15]. To the best of our
knowledge, this is the first prospective study concerning the relation-
ship between gastric wall fat halo signs and visceral obesity.

While the presence of a fat halo sign in the gastrointestinal system
has been found to be an indication of inflammatory bowel disease, it
can also be observed in healthy people and may be related to obesity
[5–8]. Harisinghani et al. showed that fat halo signs were visible on the
CT examinations of 21% of the patients they examined [4]. Gervaise
et al. also noted that fat halo signs in the gastric wall could be detected
in patients without gastrointestinal disease [10]. In the present study,
we included patients who underwent unenhanced abdominopelvic CT
scans due to clinical suspicion of ureterorenal stones, which helped
reduce the possibility of including patients with chronic inflammatory
bowel diseases. Three patients with known Crohn's disease and one
patient with ulcerative colitis were excluded from the study.

Gervaise et al. reported that the greater curvature was the part of
the stomach most often affected by infiltrated fat. They also suggested
that fat halo signs can occur at more than one site on the gastric wall
[10]. We found that gastric wall fat halo signs were observed in the
greater curvature, fundus, lesser curvature and antropyloric region.
While Gervaise et al. found diffuse fat halo signs in 48% of patients, we
detected diffuse fat halo signs in 24.2% of patients [10]. Pickhardt et al.

Fig. 2. 44 year-old woman with gastric wall fat halo sign shows increased VFA/TFA.
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reported that gastric wall fat halo signs were detected only on the antral
part of the gastric wall [9]. Similar to Gervaise et al., we performed CT
examinations without an intravenous contrast agent or gastric pre-
paration [10]. This facilitated the assessment of fat density in the gas-
tric wall.

This study found that gastric wall fat halo signs were more common
among men than women, which is consistent with the results of
Harisinghani et al. and Gervaise et al. [4,10].

Gervaise et al. showed significant differences in the mean height,
body weight and BMI values between patients and controls [10]. A
strong correlation exists between BMI and body fat accumulation.
Therefore, we selected a control group without significant differences in

mean height, body weight or BMI values from the patient group [16].
Consistent with the findings of Gervaise et al., patients with gastric

wall fat halo signs had significantly higher VFA, TFA, and VF% values
than the control group, although no significant difference in the SFA
was found between the two groups in our study [10]. However, Ger-
vaise et al. did not evaluate the VF% and SFA in their study. The TFA
exhibited a significantly lower AUC than the VFA and VF%. Although
the VFA exhibited the highest AUC among the variables examined, no
significant difference was observed between the AUCs of the VFA and
VF%.

Previous studies have shown that fat halo signs can be observed in
more than one segment of the gastrointestinal system [4,10]. Of the 90

Fig. 3. 38 year-old woman without gastric wall fat halo sign shows decreased VFA/TFA.

Table 1
Patient characteristics.

Total Gastric wall fat halo sign p value

Present Absent

Number 220 90 130
Age (year) 50.4 ± 14 (23–90) 51.7 ± 14 (27–90) 49.5 ± 13 (23–85) 0.245
Sex
Men 122 55 67
Women 98 35 63

Height (cm) 167.4 ± 8.7 (150–195) 169.9 ± 8.1 (150–190) 166.6 ± 8.7 (150–195) 0.029
Weight (kg) 83.4 ± 11.9 (53–140) 85.3 ± 10.6 (62–110) 83.3 ± 12.2 (53–140) 0.327
Body mass index 29.9 ± 4.3 (20.7–54.6) 29.6 ± 3.8 (21.2–39.3) 30 ± 4.4 (20.7–54.6) 0.575
Hepatosteatosis < 0.001
Present 76 57 31
Absent 144 33 99

Ureterorenal stone 0.02
Present 80 41 39
Absent 140 49 91

Fat halo sign of colon <0.001
Present 88 57 31
Absent 132 33 99

Fat halo sign of ileum <0.001
Present 29 25 4
Absent 191 65 126

Aortic calcified plaque 0.002
Present 68 38 30
Absent 152 52 100

VFA (cm2) 170 ± 64.6 (47–450.9) 208 ± 62(98.2–450.9) 143.5 ± 51.9 (47–327) <0.001
VF% 35 ± 1 (16–63) 41 ± 8 (25–63) 32 ± 8 (16–56) <0.001
SFA (cm2) 308.8 ± 111 (104–694) 304 ± 115 (136–694) 312.1 ± 107 (104–637) 0.952
TFA (cm2) 478 ± 139 (152–938) 512 ± 146 (243–938) 455 ± 130 (152–849) 0.003

VFA: visceral fat area; VF%: percentage of visceral fat; SFA: subcutaneous fat area; TFA: total fat area.
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patients with gastric wall fat halo signs included in this study, 57 had a
fat halo sign in the colon, and 25 had a fat halo sign in the ileum.
However, no fat halo signs were observed in either the ileum or the
colon in 30 patients. Of the 130 patients in the control group, 31 had a
fat halo sign in the colon, and 4 had a fat halo sign in the ileum. No fat
halo signs were present in either the ileum or the colon in 97 of the
control patients. Fat halo signs in the ileum and colon were observed
significantly more often in the patient group. The presence of a fat halo
sign in the terminal ileum (OR 12.11), VFA (OR 7.39) and VF% (OR
7.06) were the factors most strongly associated with the presence of a
gastric wall fat halo sign.

In our study, the prevalence of ureterorenal stones was significantly
higher in patients with gastric wall fat halo signs than in control pa-
tients. Forty-one patients with gastric wall fat halo signs and 39 patients
without gastric wall fat halo signs suffered from ureterorenal stones in
the present study. Akarken et al. found that visceral obesity was an
independent risk factor for urolithiasis, especially for uric acid kidney
stones [17]. Similarly, we found that the VFA, VF% and TFA were
higher in the patient group than in the control group.

In this study, patients with gastric wall fat halo signs had a sig-
nificantly greater amount of calcified plaques on the aortic wall than
patients without gastric wall fat halo signs. Previous studies have re-
ported that aortic wall calcified plaques and VFA are significantly re-
lated [18]. We found that patients with gastric wall fat halo signs had
hepatosteatosis more often than patients without these signs, which is
consistent with the findings of Gervaise et al. and Harisinghani et al.
[4,10].

Visceral obesity has been associated with several pathological con-
ditions such as abnormal glucose and lipid metabolism, insulin re-
sistance and increased cardiovascular disease. It is also a risk factor for

some cancers and surgical complications [19]. As an active hormonal
tissue, visceral fat tissue releases atherogenic factors that increase
atherosclerosis. This can accelerate vascular aging and the consequent
risk of cardiovascular diseases and aortic atherosclerotic plaques [19].
Additionally, the increased visceral fat tissue may be an underlying
cause of dysfunctional subcutaneous adipose tissue, which can lead to
ectopic and excessive fat deposition in the heart, liver, skeletal muscle,
pancreas and gastrointestinal system. This ectopic and excessive fat
deposition could cause hepatosteatosis and may be the reason why fat
halo signs occur in more than one area of the gastrointestinal system
[20]. Although strong associations exist between visceral adiposity and
hepatic steatosis and metabolic syndrome, visceral adiposity and he-
patic steatosis are not diagnostic criteria for metabolic syndrome.

In our study, we found that patient group with gastric wall fat halo
sign had significantly higher frequencies of ureterorenal stones, aortic
wall calcified plaques and hepatosteatosis than control group with si-
milar VFA. We thought that it might be the result of excessive fat de-
position in patient group. But we could not confirm this hypothesis with
laboratory parameters such as lipid profile.

Fig. 4. Graph shows receiver operating characteristic curve for vascular VFA,
TFA, VF%.

Table 2
Results of Receiver Operating Characteristic (ROC) Analysis for VFA, VF% and TFA.

AUC Cutoff level Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

VFA 0.803 167.1 75.6 73.1 66.0 81.2 70.8
VF% 0.770 35 77.7 65.3 60.9 81.0 67.3
TFA 0.596 475.9 56.6 59.2 49.0 66.4 55.2

AUC: area under curve; PPV: positive predictive value; NPV: negative predictive value; VFA: visceral fat area; VF%: percentage of visceral fat; TFA: total fat area.

Table 3
Patient characteristics according to similar VFA.

Total Gastric wall fat halo sign p value

Present Absent

Number 113 56 57
VFA (cm2) 187.8 ± 37.8

(98.2–327.0)
187.6 ± 37.9
(98.2–255.6)

188.1 ± 38.1
(150.4–327.0)

0.942

Hepatosteatosis 0.019
Present 50 31 19
Absent 63 25 38

Ureterorenal
stone

0.017

Present 45 29 16
Absent 68 27 41

Aortic calcified
plaque

0.028

Present 45 28 17
Absent 68 28 40

VFA: visceral fat area.

Table 4
Odds ratio of the presence of gastric wall fat halo sign.

Variable Odds ratio 95% CI

Male sex 1.43 0.82–2.47
Age > 45 y 1.63 0.93–2.84
Body mass index (> 29.1) 0.96 0.48–1.91
Hepatosteatosis 3.19 1.79–5.68
Fat halo sign of colon 5.51 3.06–9.93
Fat halo sign of ileum 12.11 4.04–36.29
VFA (> 166 cm2) 7.39 3.99–13.66
VF% (>35) 7.06 3.76–13.24
SFA (> 287 cm2) 0.60 0.35–1.03
TFA (> 434 cm2) 1.59 0.90–2.79
Aortic calcified plaque 2.43 1.35–4.36
Ureterorenal stone 1.95 1.11–3.41

VFA: visceral fat area; VF%: percentage of visceral fat; SFA: subcutaneous fat
area; TFA: total fat area.
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This study has several limitations. First, we evaluated the CT images
based on a consensus and did not evaluate the inter- and intra-observer
variability. Second, gastric wall fat halo signs were diagnosed only by
the CT findings. None of the patients were given an endoscopic ex-
amination. Third, the sample size was also relatively small. Fourth, we
did not have access to laboratory parameters such as lipid panels. Fifth,
the adipose tissue area measurements were determined from a single CT
section obtained at the umbilicus level instead of via a volume calcu-
lation.

In conclusion, fat halo signs have been related to chronic in-
flammatory bowel disease. Fat halo signs in the gastric wall often occur
in overweight people, especially those with increased VFA and VF%.
Additionally, gastric wall fat halo signs are usually observed along with
fat halo signs in the colon or terminal ileum. However, further studies
are required to clarify the relationships of gastric wall fat halo signs
with type 2 diabetes, cardiovascular diseases and metabolic syndrome.
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