ORIGINAL ARTICLE
Gastroenterology & Hepatology

TKMS

http://dx.doi.org/10.3346/jkms.2011.26.10.1339 = J Korean Med Sci 2011, 26: 1339-1343

Correlation between Complicated Diverticulitis and Visceral Fat
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The aim of this study was to examine the relationship of complications related to
diverticulitis and visceral obesity. The study was based on a retrospective case note review
conducted at the Hanyang University Hospital. Patients were diagnosed with diverticulitis
based on clinical symptoms and abdominal computed tomography (CT) findings and
divided into two groups: those admitted with complicated diverticulitis and those with a
simple diverticulitis episode. We compared the body mass index (BMI) and degree of
visceral obesity, measured by abdominal CT. The study included 140 patients, 87 (62.1%)
were simple diverticulitis and 53 (37.9%) were complicated diverticulitis. In the
complicated diverticulitis group, 9 (6.4%) cases were recurrent, 29 (20.7%) were
perforation or abscess patients, and 28 (20%) were patients with systemic inflammatory
response syndrome (SIRS). Of the SIRS patients, 13 were involved in other complication
groups. When comparing in the two groups, the complicated diverticulitis group had a
significantly higher visceral fat area (128.57 cm? vs 102.80 cm?, P= 0.032) and a higher
ratio of visceral fat area/subcutaneous fat area (0.997 vs 0.799, P = 0.014). Visceral
obesity is significantly associated with complications of diverticulitis.
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INTRODUCTION

Diverticular disease is relatively common. Colonic diverticulosis
is etiologically related to a chronically low-fiber diet, and is more
frequent in industrized countries (1). Diverticular disease is rare
in people under the age of 40, and prevalence increases with age,
although some studies have shown that the mean age of diver-
ticular disease patients is decreasing (2). Although the preva-
lence of diverticular disease is increasing, most people with di-
verticular disease remain asymptomatic. Acute diverticulitis is
the most common complication of colonic diverticulosis, with
10%-25% of diverticulosis patients developing diverticulitis (3,
4). Most patients are cured without complications, but 15% un-
dergo severe complications such as abscess formation, bowel
perforation, and recurrence (5).

Obesity has long been investigated as a cause of diseases such
as type 2 diabetes mellitus, hypertension, osteoarthritis, gastro-
oesophageal reflux, obstructive sleep apnea and certain cancers
(6). Recently, several studies have shown a relationship among
obesity, diverticulitis and diverticulitis complications, with a pos-
itive correlation not only between obesity and prevalence of di-
verticulitis, but also between obesity and the rate of complica-
tions (1, 2). Usually, obesity refers to an excess of body fat, which
can be divided into subcutaneous and visceral fat. The metabol-
ic characteristics of these two kinds of fat are different, with vis-
ceral fat highlighted as a cause of metabolic complications such
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as hypertriglyceridemia, insulin resistance, and a proinflamma-
tory condition (7, 8). We conducted this study to evaluate the
relationship between diverticulitis complications and obesity,
particularly visceral obesity.

MATERIALS AND METHODS

Study population

The study was based on a retrospective case note review, con-
ducted from 1 January 2003 to 31 December 2007 at Hanyang
University Hospital in Seoul, Korea. We used the hospital data-
base to find patients who met the International Code of Disease
(ICD) for acute diverticulitis. From the initial patient list, we col-
lected those diagnosed with diverticulitis from clinical symp-
toms and abdominal computed tomography (CT) findings. Pa-
tients with appendicitis misdiagnosed as diverticulitis, a history
of bowel resection, or any gastrointestinal malignancy were ex-
cluded. We divided the patients into two groups: those admit-
ted with complicated diverticulitis such as abscess formation,
diverticular perforation, recurrent diverticulitis, and systemic
inflammatory response syndrome, and those with a simple di-
verticulitis episode.

Assessment
From medical records, we obtained patient height and weight
at admission, and calculated the body mass index (BMI). Blood
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lipid profile (total cholesterol, triglyceride, low density lipopro-
tein, high density lipoprotein) was also obtained. To measure
the amount of visceral and subcutaneous fat, we used the ab-
dominal CT image data. After measuring the total and intraper-
itoneal area of the Haunsfield number -190 to -30 at the level of
L3-4 vertebra, we used the intraperitoneal area as the visceral
fat area (VFA) and the total area as the total fat area (TFA). Then
we calculated the subcutaneous fat area (SFA) as the difference
between TFA and VFA (Fig. 1).

Statistical analysis

To determine the relationship between diverticulitis complica-
tions and obesity, we compared the complicated and simple
diverticulitis groups for BMI, total cholesterol, triglyceride, low
density lipoprotein and high density lipoprotein. VFA, TFA, SFA,
VFA/SFA, and VFA/TFA were compared between the groups to
determine the correlation between visceral obesity and diver-
ticulitis complications. An independent #-test was used for sta-
tistical analysis. A Pvalue of less than 0.05 was considered to be
statistically significant.

Ethics statement

The study proposal was approved by the institutional review
board at the Hanyang University Hospital of Korea (HYUH IRB
2008-R-27). Each patient provided written informed consent to
participate.

RESULTS

Clinical characteristics

The medical records of 166 diverticulitis patients were reviewed,
and 26 patients were excluded because 12 had acute appendi-
citis, 8 had a history of bowel resection, and 6 had colon cancer.
Atotal of 140 patients were enrolled in this study, with 46 females

(32.9%) and 94 males (67.1%) with a mean age of 43 + 14 yr. The
number of simple diverticulitis patients was 87 (62.1%) and the
number of complicated diverticulitis patients was 53 (37.9%). The
general characteristics of the two groups were not significantly
different. In the simple diverticulitis group, 60.9% (53/87) were
male, and in the complicated diverticulitis group 77.3% (42/53)
were male (P = 0.063). The mean age of the simple diverticulitis
group was 41.8 + 14.9 and 44.8 + 14.2 yr (P = 0.539) in the com-
plicated diverticulitis group. Right sided colon lesions occurred
in 94% (82/87) of simple diverticulitis cases and 91% (48/53) of
complicated diverticulitis cases (P = 0.504) (Table 1). Fig. 2 shows
a complicated case of diverticulitis. It shows a perforated sigmoid
diverticulitis with surrounding air bubble.

The risk factors of complicated diverticulitis

In the complicated diverticulitis group, 9 patients (6.4%) were
recurrent patients, 29 (20.7%) were perforation or abscess pa-
tients, and 28 (20%) were systemic inflammatory response syn-
drome (SIRS) patients. Of the SIRS patients, 13 were involved in
other complication groups.

The mean BMI in the simple diverticulitis group was 23.3 kg/
m? and 24.1 kg/m? in the complicated diverticulitis group. Al-
though the BMI of the complicated diverticulitis group was high-
er than that of the simple diverticulitis group, the difference was

Table 1. Age, sex and location of diverticulitis in simple and complicated diverticulitis
groups

Simple Complicated
Characteristics diverticulitis diverticulitis Pvalue
(n=87) (n=53)
Age (yr, 95% Cl) 418 £149 448 £14.2 0.539
Sex (male/female) 53/34 4112 0.063
Location of diverticulitis 82/5 48/5 0.504

(Right sided colon/
Left sided colon)

Cl, confidence interval.

Fig. 1. Measurement of total and visceral fat area of Haunsfield number -190~-30 at the level of L3-4 vertebra. Subcutaneous fat area is calculated by difference between to-
tal fat area and visceral fat area. (A) Measurement of total fat area; (B) Measurement of visceral fat area.
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Table 2. The risk factors of complicated diverticulitis in univariate analysis

Mean value

Factors associated with obesity

Simple diverticulitis Complicated diverticulitis Mean difference P value
TFA (cm?) 233.96 + 74.70 265.82 + 82.85 -31.85153 0.119
SFA (cm?) 129.02 + 44.34 137.24 + 41.98 -8.22902 0.463
VFA (cm?) 102.80 £ 37.50 128.57 £ 50.22 -25.76702 0.032
VFA/SFA 0.80 £ 0.36 1.00 £ 0.43 -0.19771 0.014
VFA/TFA 042 £0.13 0.48 £ 0.11 -0.05970 0.016
BMI (kg/m?) 23.32 + 3.06 2415 £ 2.97 -0.83331 0.229
Total cholesterol 155.22 £+ 35.44 159.73 £ 30.54 -4.515 0.598
Triglyceride 108.16 *+ 30.85 121.90 £ 24.58 -13.746 0.505
LDL 83.32 + 22.87 88.28 + 28.85 -4.960 0.525
HDL 41.80 £ 10.23 35.28 £ 11.53 6.518 0.081

VFA, visceral fat area; SFA, subcutaneous fat area; TFA, total fat area; BMI, body mass index; LDL, low density lipoprotein; HDL, high density lipoprotein.

Fig. 2. Abdominal CT scan of complicated diverticulitis. The arrow shows a sigmoid
colon wall infiltration with surrounding air bubbles.

not significant (P = 0.229). The TFAs of the complicated divertic-
ulitis group and the simple diverticulitis group were 265.8 cm?
and 233.9 cm?, respectively, which was not significantly differ-
ent (P = 0.119). SFA was also not significantly different between
groups (137.2 cm® vs 129.0 cm?, P = 0.463). When comparing
VFA/SFA in the two groups, the complicated diverticulitis group
was significantly higher (0.997 vs 0.799, P = 0.014), as it was for
VFA/TFA (0.477 vs 0.418, P = 0.016). No significant difference
was seen for total cholesterol (P = 0.598), HDL (P = 0.081) or
LDL (P = 0.525). The complicated diverticulitis group had sig-
nificantly higher VFA, VFA/SFA, and VFA/TFA, but no significant
difference in TFA, BMI and blood lipid profile (Table 2). In mul-
tivariate analysis, VFA was only significant risk factor of compli-
cated diverticulitis (Table 3).

DISCUSSION
Diverticulosis is a common disease, especially in western pop-
ulations, with a suspected prevalence of 30%-35%. Diverticulo-

sis is more frequent in the sigmoid colon, and is rare in the right
colon in western countries (9). In Eastern areas such as Korea,

http://dx.doi.org/10.3346/jkms.2011.26.10.1339

Table 3. The risk factors of complicated diverticulitis in multivariate analysis
Visceral fat area (cm?) Adjusted odds ratio (95% Cl) P value

< 66.32 1 0.003
66.32< <104.24 1.65 (1.16-2.52)
10424 < <137.35 2.1 (1.67-2.80)
> 137.35 3.21 2.77-3.71)

Cl, confidence interval.

Japan and Hong Kong, the prevalence is lower than in western
countries, and the right colon is the most common site of diver-
ticulosis. The prevalence of diverticulosis is increasing in East-
ern countries due to the westernization of eating patterns (10).
The prevalence of diverticular disease is also increasing in Ko-
rea (4, 11).

Although diverticular disease is common, only a small per-
centage of diverticular disease patients will develop diverticuli-
tis, and few develop complicated diverticulitis. Many studies on
the complications of diverticulitis have been published, but only
asmall number investigate the contributing factors (12). In 2005,
Dobbins et al. (1) reported that obesity is a risk factor for diver-
ticular complications such as perforation and recurrent episodes,
based on the BMI difference between complicated and simple
diverticulitis groups. Several other retrospective case series and
a small case-controlled study noted a preponderance of obesity
in diverticulitis patients (13-16). In all the studies, researchers
compared a study group and a control group using only weight
or BMI as a measure of obesity.

The mechanism by which obesity contributes to diverticuli-
tis complications is not clear. However, obesity has been sug-
gested to be a major cause of insulin resistance, hypertension,
cardiovascular disease and a systemic inflammatory state (17,
18). Dusserre et al. (8) reported that visceral and subcutaneous
adipocytes may have different properties regarding the produc-
tion of bioactive molecules. In particular, visceral adipose tissue
has a higher basic lipolysis rate and lower sensitivity to the inhi-
bition of lipolysis by insulin (7). In addition to its metabolic ac-
tivity, visceral adipose tissue produces large amounts of inter-
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leukin-6, a representative inflammatory cytokine. Adiponectin,
a known anti-inflammatory material, has been documented to
be lower in obese individuals. Of special interest, adiponectin
plasma levels are more closely related to the amount of visceral
fat rather than total fat (19). Therefore, expanded intra-abdomi-
nal fat deposits may contribute to a proinflammatory state, which
in turn is linked to clinical events (20).

Based on these findings, we hypothesize that visceral obesity
contribute to the development of complicated diverticulitis. In
this study, in contrast to previous studies on obesity and diver-
ticulitis complications, no significant difference in BMI (P =
0.229) was seen between complicated and simple diverticulitis.
We deemed that these results are due to the fact that Asians tend
to have higher prevalence of abdominal obesity, especially vis-
ceral fat accumulation, even with a lower body mass index (21).
And we think our small study population can be another factor
of these results. Instead, the VFA and the ratio of VFA/SFA were
significantly different, suggesting that simple obesity is not the
contributing factor, but that visceral obesity is a risk factor for
complicated diverticulitis. We propose that this is caused by the
different metabolic and inflammatory characteristics of visceral
and subcutaneous adipose tissue, described above. Consider-
ing the effects of visceral obesity, accurate measurement of vis-
ceral fat is important, and measurement of adipose tissue area
using CT images of the L4-5 vertebra level is estimated to be a
useful method of visceral fat measurement (22). Thus, we be-
lieve that in this study, visceral and subcutaneous fat were prop-
erly measured.

Another important result of this study is the age of diverticuli-
tis patients. Previous estimates of the percentage of diverticulitis
patients younger than 40 yr old range from 2% to 5%, and acute
diverticulitis has long been considered a disease that typically
affects people over 50 (23, 24). Nonetheless, acute diverticulitis
is evidently becoming more common in patients younger than
40, as previously suspected in western countries (14, 15, 25). The
mean age of diverticulitis patients in this study population was
43, and the percentage of patients under age 40 was 46% (65/
140). This mean age is much younger than that found in previ-
ous studies of the Korea population. Kim et al. (11) reported in
2003 that the mean age of acute diverticulitis was 53. Although
the number of patients in our study was too small to represent
all diverticulitis patients in Korea, our results reflect the increase
in younger patients, similar to the pattern seen in western coun-
tries. A few studies have suggested that younger patients experi-
ence more severe disease courses with complications (26, 27).
One factor that may contribute to this observation is the poten-
tial for a delay in acute diverticulitis diagnosis due to a low index
of suspicion of diverticular disease in young adults (28). How-
ever, in our study, the mean ages for complicated and simple
diverticulitis were 44.8 and 41.8 yr, with no significant difference
between the groups. In our study, all patients were initially di-
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agnosed by abdominal CT and physical examination, and ab-
dominal CT is considered the most effective diagnostic method
for diverticulitis (29). We propose that the increased frequency
of abdominal CT examinations on a patient’s first visit will in-
crease the early diagnosis rate of diverticulitis and improve the
clinical course of young diverticulitis patients.

Our study has several limitations. The study population was
small, so the results do not represent the entire Korean popula-
tion. Although we classified the complication of diverticulitis as
recurrence, abscess formation/perforation and SIRS, some over-
lap occurred between SIRS and other complication groups. This
was inevitable because SIRS is a systemic complication and the
others are local complications. In this study, visceral obesity was
associated with complicated diverticulitis, but we did not follow
up with research to explain these results. We propose several hy-
potheses, including the different metabolic characteristics and
cytokine excretion of visceral and subcutaneous fat, to drive fur-
ther research.

In conclusion, the complicated diverticulitis group had a sig-
nificantly higher visceral fat area and a higher ratio of visceral
fat area/subcutaneous fat area. Visceral obesity is significantly
associated with complications of diverticulitis.
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Recently, several studies showed a correlation between diverticulitis with complication and obesity. Here we investigated a
relationship between complications related to diverticulitis and 'visceral obesity'. 140 patients diagnosed with diverticulitis based
on clinical symptoms and abdominal CT findings were divided into two groups: those with simple diverticulitis and those with
complicated diverticulitis. Of all cases, 91 (65%) were simple diverticulitis and 49 (35%) were complicated diverticulitis. There were
no significant difference in age, sex and location of lesion. However, the complicated diverticulitis group had a significantly higher
visceral fat area (P = 0.032) and a higher ratio of visceral fat/subcutaneous fat (P = 0.014). We suggest that visceral obesity is
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