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Abstract

OBJECTIVE—To determine if there is an association between visceral adiposity measured on
CT colonography (CTC) and colorectal polyps.

MATERIALS AND METHODS—The study was HIPAA-compliant and approved by our
Institutional Review Board and Office of Human Subjects Research. 1186 patients who underwent
CTC and same day optical colonoscopy were analyzed. Visceral adipose tissue volumes (VAV)
and volume percents relative to total internal body volume (VAV%) were measured on slices in
the L2-L3 regions on supine CTC scan with validated fully-automated software. Student t-test,
odds ratio (OR), logistic regression and receiver operating characteristic analyses were performed.

RESULTS—For subjects with and without adenomatous polyps, means and s. d. of VAV% were
31.2 + 10.8% (n=345) and 28.2% + 11.3% (n=841) (p<0.0001), respectively. For subjects with
and without hyperplastic polyps they were 31.8% + 10.7% (n=244) and 28.3% + 11.2% (n=942)
(p<0.0001), respectively. Comparing the lowest and highest quintiles of VAV%, the ORs for
having at least one adenomatous polyp or hyperplastic polyp versus no polyp were 2.06 (95% ClI:
1.36-3.13) and 1.71 [1.08, 2.71] and the prevalence of having adenomatous polyps or hyperplastic
polyps increased 14% and 8%, respectively.

CONCLUSION—Subjects with higher visceral adiposity measurements on CTC have a greater
risk for the presence of colonic polyps.
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Colorectal cancer is the second leading cause of cancer death in Americans [1].
Identification of risk factors for adenomatous polyps can aid in the prevention of colorectal
cancer (CRC). Obesity and adenomatous polyps are known independent risk factors for
CRC [2, 3]. However, the relation between visceral adipose tissue and adenomatous polyps
is still controversial.

Studies have reported an association between total body measurements of obesity (such as
body mass index (BMI)) and adenomatous polyps [3, 4]. Abdominal obesity has been shown
to be more strongly related to adenomas than overall obesity [5]. Abdominal adiposity is
composed of subcutaneous and visceral compartments. Visceral adiposity is more
metabolically active than subcutaneous adiposity and produces several humoral factors that
have been implicated in carcinogenesis. CT can distinguish subcutaneous and visceral fat
whereas anthropometric measurements like BMI and waist circumference cannot [6].

CT colonography (CTC) has been proven to accurately detect colorectal polyps [7, 8]. The
purpose of this study was to determine whether there is an association between visceral
adiposity measured on CT colonography (CTC) and colorectal polyps.

MATERIALS AND METHODS

Patient population

The patient population consisted of 1233 consecutive asymptomatic adults between 40 and
79 years of age who underwent same day CTC and optical colonoscopy at one of three
medical centers. The patients were predominantly of average risk (97.4%) although 32 had
family histories positive for colorectal cancer (7). 47 of the 1233 patients were excluded
because of incomplete optical colonoscopy, inadequate preparation or failure of the CT
colonographic system. Characteristics of the remaining 1186 patients are given in Table 1.

The patient population and CTC and optical colonoscopy results used for this study were
from the IRB-approved project published in Ref. [7]. Retrospective use of the data was
approved by our institution’s Office of Human Subjects Research.

Bowel Preparation

Patients underwent a 24-hour colonic preparation that consisted of oral administration of 90
ml sodium phosphate (Fleet 1 preparation, Fleet Pharmaceuticals), 10 mg bisacodyl, 500 ml
of barium sulphate (2.1% by weight; Scan C, Lafayette Pharmaceuticals) and 120 ml of
diatrizoate meglumine and diatrizoate sodium (Gastrografin, Bracco Diagnostics) given in
divided doses.

CTC Scanning

The colon was distended with patient-controlled insufflation of room air. CT scanning
occurred during one breathhold in each of the prone and supine positions using a four-or
eight-channel CT scanner (General Electric LightSpeed or LightSpeed Ultra). CT scanning
parameters included 1.25 — 2.5 mm section collimation, 15 mm per second table speed, 1
mm reconstruction interval, 100 mAs and 120 kVp.

Optical Colonoscopy

Patients underwent same-day optical colonoscopy by one of 17 colonoscopists. The
colonoscopies were performed using segmental unblinding, wherein CTC results were
revealed to the colonoscopists during the examination to create an enhanced reference
standard. Polyp sizes were determined at optical colonoscopy using a calibrated guidewire.
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The polyp findings at optical colonoscopy after segmental unblinding served as the
reference standard for polyps in this study.

Visceral fat measurement

In the literature, fat volumes are typically assessed at the L2—L3 spinal level [9]. The fat
volumes on all slices in the L2—-L3 region on supine CTC scans were analyzed with fully
automated software developed at our institution [10]. The CTC images were first processed
by fully automated spine segmentation and labeling software that finds the slices which
correspond to the top and bottom of each lumbar vertebral body [11]. An adipose tissue
(AT) measurement algorithm was then used to measure each slice from the top of L2 to the
bottom of L3. Total volumes for this region were computed by summing the volumes
computed in each slice.

The fully automated AT measurements algorithm consisted of five steps: body masking,
noise reduction, AT labeling, visceral and subcutaneous adipose tissue separation, and
quantification (Figure 1). The body mask was created by a region growing algorithm on the
image background. The region growing algorithm initially segmented the low intensity
pixels outside the body and then in a second pass removed the CT table. Once the body
mask was created, an anisotropic diffusion filter was used to reduce noise and voxels
between —274 HU and —49 HU were labeled AT.

A contour around the outside of the body, the “external contour”, was initialized. Active
contour models were then used to iteratively modify the external contour to find the inner
boundary of the subcutaneous adipose tissue. This results in a contour along the abdominal
wall, the “internal contour”.

Quantification was performed by multiplying voxel counts by the voxel volumes (pixel area
times slice thickness) to get visceral adipose volumes (VAV) and internal body volumes
(IBV). VAV was defined as the volume of all AT voxels inside of the internal contour. IBV
was defined as the volume of all voxels inside the internal contour. VAV% was defined as
VAV divided by IBV.

Validation Experiment

A validation experiment was performed to assess the accuracy of the automated
measurement of adipose tissue. 50 random CTC cases were selected from the dataset
described above.

Each case was manually traced by two experienced radiology technologists who routinely
perform manual assessment of adipose tissue on CT for clinical purposes. The manual
tracings were done along the inner boundary of the subcutaneous adipose tissue. Manual
tracings and automated analyses were done on a single section at the L2-L3 level for each
case.

Statistical Analysis

For the validation experiments, pairwise comparisons were made of VAV and VAV%
measured by the two technologists and by the automated software. Linear regression and
Bland-Altman analyses were performed using Excel (Microsoft, Version 2007).

All analyses regarding the presence or absence of polyps were based on detection of polyps
of any size as determined at segmentally unblinded optical colonoscopy. Polyp findings at
CTC were used only for the segmental unblinding procedure.
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Means and standard deviations were reported for VAV and VAV%. The Student t-test
(unpaired, unequal variance) was used to compare means of adipose tissue measurements
between patients with and without any, adenomatous, advanced adenomatous, non-advanced
adenomatous and hyperplastic polyps.

Subjects were divided into quintiles (separated by sex) of VAV and VAV% then the men
and women were recombined. The odds ratios (OR) for presence/absence of at least one
adenomatous polyp for each quintile was computed by dividing the odds for the quintile by
the odds of the lowest quintile. ORs were also computed for prevalence of at least one
advanced adenomatous, non-advanced adenomatous, hyperplastic and adenomatous or
hyperplastic polyp. An approximate 95% confidence interval for the population log odds
ratio was calculated by the formula exp(log odds ratio + 1.96xSE), where SE is the standard
error for the log odds ratio. To test the hypothesis that the population odds ratio equals one,
L+erf (%)
the p-value was computed as ——5—— where Z = log(OR)/SE denotes a standard normal
random variable and erfis the error function. This analysis assumes that log(OR) has a
normal distribution. Odds ratios were computed using a program written in Matlab, version
R2010a.

Five multiple logistic regression analyses were done using an online calculator
(http://statpages.org/logistic.html). The dependent variables were the presence of one or
more adenomatous, advanced adenomatous, non-advanced adenomatous, hyperplastic or
adenomatous or hyperplastic polyps (“any polyps”), respectively. In each analysis, the
independent variables were age, gender and VAV%. VAV% was expressed as a number
ranging from O to 1. Gender was coded as male=1 and female=0. These data indicate the
estimated adjusted odds ratio of having polyps associated with each independent variable
after adjusting for the other independent variables.

Receiver operating characteristic (ROC) curves were calculated by varying a threshold of
VAV% and prediction probability from logistic regression analysis. The true and false
positive fractions of patients above the thresholds having any polyp, adenomatous polyps,
advanced adenomatous polyps, non-advanced adenomatous polyps or hyperplastic polyps
were determined. The areas under the ROC curves were computed using ROCKIT, version
9.1[12].

P-values less than 0.05 were considered significant.

The results for the validation experiments are shown in Table 2. Correlation coefficients for
the linear regressions between the manual and automated measurements exceeded 0.99.
Bland-Altman 95% limits of agreement between manual and automated assessments were
within +2% for VAV% and were comparable to that between two manual assessments.
Bland-Altman plots for VAV% are shown in Figure 2.

Visceral fat assessments by the automated software were successful for all 1186 patients.
The means and standard deviations for VAV and VAV % of the patients with and without
polyps are shown in Table 1. Patients with polyps had significantly greater VAV and VAV
% for all polyp groupings by histopathology (any, adenomatous, advanced adenomatous,
non-advanced adenomatous and hyperplastic polyps). Examples of patients in the lowest and
highest quintiles of VAV% are shown in Figure 3.

AJR Am J Roentgenol. Author manuscript; available in PMC 2013 July 01.


http://statpages.org/logistic.html

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Summers et al.

Page 5

The ORs for having at least one polyp versus no polyp are given in Table 3 and Table 4 for
each quintile of VAV% and VAV, respectively. For VAV% and VAV, the ORs were
statistically significantly greater than 1.0 for the fourth and fifth quintiles for all five polyp
histologic groupings. The ORs were statistically significantly greater than 1.0 for some of
the second and third quintiles as well. In general, ORs were greater for the higher quintiles.
The probability or prevalence of having any polyps, adenomatous polyps, advanced
adenomatous polyps, non-advanced adenomatous polyps or hyperplastic polyps increased
16%, 14%, 4%, 12% and 8%, respectively, between the lowest and highest quintiles of VAV
%. On a proportional basis, the probability or prevalence increased 50% (0.16/0.32), 70%
(0.14/0.20), 224% (0.038/0.017), 63% (0.12/0.19) and 50% (0.08/0.16), respectively,
comparing the lowest and highest quintiles of VAV%. The odds ratios trended similarly
when men and women were assessed separately rather than being recombined, although
fewer quintiles reached statistical significance.

The odds ratios for the various coefficients in the logistic regression are given in Table 5.
VAV% was a significant factor for predicting all five histologic groups of polyps with ORs
ranging from 3.63 to 28.01. Age (OR 1.03) and gender (ORs 1.33 — 1.52) were significant
factors for predicting any, adenomatous and non-advanced adenomatous polyps.

The receiver operating characteristics curves are shown in Figure 4. The areas under the
ROC curves are similar for the different polyp types and using either the multiple regression
prediction variables or VAV% (0.57 — 0.66). The higher odds ratios for the fifth quintiles (as
shown in Table 3) are reflected in the steeper slopes of the curves at the lower left of Figure
4 compared to the shallower slopes at the upper right.

DISCUSSION

Visceral fat has been implicated in a variety of disorders, including cardiovascular diseases,
diabetes and carcinoma [13-15]. However, its role as a risk factor in colorectal adenoma, a
precursor of cancer is still under investigation. We found that patients with high visceral
adipose volume had a greater risk of having adenomatous and hyperplastic polyps. In the
multiple regression analyses, when VAV% was adjusted for, older patients and men had a
greater risk of having adenomatous polyps, but neither age nor gender were significantly
associated with having hyperplastic polyps. Patients in the highest quintile of VAV% were
50%, 70% and 50% more likely to have any polyp, adenomatous polyps or hyperplastic
polyps than those in the lowest quintile. Although advanced adenomatous polyps are
uncommon, patients in the highest quintile of VAV% were twice as likely to have
adenomatous polyps compared to those in the lowest quintile. The predictive values of VAV
and VAV% were similar, on the basis of similar odds ratios and confidence intervals. As
shown by the ROC analyses and as one would predict based on prior research, visceral
adipose volume alone cannot be used to predict with certainty which patients have polyps.

Several articles have been published on the association of visceral fat with colorectal polyps
and cancer (Table 6). Only the studies by Kang et al., in a population of Koreans, and
Yamaji et al., in a population of Japanese, had numbers of patients comparable to that of the
current research [16, 17]. One study utilized CTC, the others routine CT. Johnson et al.
found using multiple logistic regression an odds ratio of about 2 for the presence of large
colorectal adenomas on CTC in patients with higher visceral fat; this is within the error
bounds of our results for advanced adenomatous polyps [18]. However, their result was not
statistically significant perhaps because of the small sample size of 25 patients and 25
controls. They also found slightly higher areas under the ROC curves, ranging from
0.74+0.05 to 0.77+0.05, depending upon the anatomic level at which the visceral fat was
assessed. Their anatomic levels were the kidneys, the iliac crests or the acetabuli rather than
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at the L2—L 3 vertebral level and so their results are not directly comparable to ours. Studies
that utilized routine CT have produced conflicting results. While some studies have found a
strong association between visceral adipose area and adenomas [16, 17, 19, 20], others have
not [21-24] (Table 6). Our study found that the odds of having at least one adenomatous
polyp is increased 2.06 times in the highest VAV% quintile as compared to the lowest
quintile. This value is comparable to those found in other studies in the literature which
showed a positive association between visceral adipose area and adenomatous polyps [16,
17,19, 20]. In the study by Schoen et al. [22], patients with nonadvanced adenomas had
greater visceral fat compared to controls while those with advanced adenomas did not. We
found that patients with increased visceral fat were at greater risk of having both advanced
and nonadvanced adenomas. In Sass et al. [21], the authors focused on recurrent rather than
primary adenomas. Yamamoto et al. [24] found no association between visceral adiposity
and colorectal adenoma, but found a strong association between colorectal cancer and
visceral adiposity. Our study focused on screening patients more likely to have primary
adenomas rather than recurrent adenomas or carcinomas as patients with a prior history of
optical colonoscopy within the previous 10 years or a history of adenomatous polyps were
excluded (7). Finally, our study measured visceral fat volume; the other studies assessed a
single CT slice, with the exception of Yamaji et al. who measured visceral fat volume in the
entire abdominopelvic region [17].

We found that the prevalence of colorectal adenomas increased from 20% for the lowest
quintile to 34% for the highest quintile. These prevalences are greater than those found in
average risk Japanese in Japan using quartiles of BMI, 15.4% for the lowest quartile and
24.2% for the highest quartile; however, the percentage increase in prevalence from the
lowest to the highest categories are comparable (70% [0.14/0.20] versus 57% [.088/.154])
[25].

Anthropometric markers such as BMI, waist circumference and waist-to-hip ratio have
known positive associations with risk of CRC [26-30][14, 31-33]. However, there are
important metabolic and biochemical differences between subcutaneous fat and visceral fat
[34]. Unlike CT, anthropometric markers such as BMI, waist circumference and waist-to-hip
ratio cannot distinguish excesses in total body fat from increases in lean body mass or
differences in fat distribution [3].

BMI was also assessed on the cohort reported in our study [4]. In a multivariate analysis that
included age and gender, the odds ratio for adenomas or cancers was 1.34 [1.02, 1.77],p =.
03, when patients were dichotomized into two groups at a BMI cutoff of 25. The odds ratio
for hyperplastic polyps was not statistically significant. In contrast, Martinez et al. found an
elevated odds ratio for hyperplastic polyps when patients in the highest BMI quartile were
compared to those in the lowest [35]. We found that elevated visceral adipose volume was
associated with an increased probability of hyperplastic polyps on the basis of the
statistically significant odds ratios and logistic regression coefficients. In other studies,
correlations of visceral fat and hyperplastic polyps were not assessed. An increased risk of
hyperplastic polyps may have relevance for the alternate serrated adenoma pathway to
colorectal carcinoma [36].

In the logistic regression analysis, we found that VAV%, gender and age were independent
significant factors for predicting adenomatous polyps. Greater age is well known to be
associated with an increased risk of polyps and cancers. Our finding that gender was
associated with adenomatous polyps agrees with that of the National Polyp Study in which
men were found more likely to have adenomatous polyps [37]. The National Polyp Study
did not consider the effect of visceral fat on adenoma risk.
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The visceral fat measurements were made using fully-automated software. Validation
experiments showed that the automated measurements were comparable to manual
measurements. For example, the automated and manual measurements were highly
correlated (r2 > 0.99) and the Bland-Altman 95% limits of agreement were small and similar
to the inter-observer limits of agreement of two manual measurements. Fully automated
visceral fat assessment has also been reported by Zhao et al. on a small dataset of 9 CT scans
[38].

The pathogenesis of visceral adipose tissue causing increasing risk of polyps is unclear.
Possible mechanisms include the association of visceral adipose tissue with insulin
resistance, hyperinsulinemia, insulin-like growth factors (IGF-1), leptin and adiponectin [39]
[40][20, 41][42][20, 41, 43].

There are several potential clinical implications of the association between VAV and colonic
polyps. Patients who are more predisposed to having colonic adenomas on the basis of
visceral adiposity could be identified and scrutinized more closely for adenomas and
undergo more frequent surveillance. Identification of such patients could be accomplished
by automated assessment of visceral adiposity by the CT colonography interpretation
software. The automated assessment could be incorporated into computer-aided polyp
detection (CAD) software. CAD software could be set to identify more polyp candidates on
CTC examinations of patients with greater amounts of visceral fat. Colorectal cancer
screening guidelines could be modified to consider the greater risk associated with visceral
fat. Currently, joint guidelines from the American Cancer Society, the United States Multi-
Society Task Force on Colorectal Cancer and the American College of Radiology do not
mention that obese patients should be included in the category of patients at higher than
average risk [44]. The American College of Gastroenterology recognized that obesity is a
risk factor and that obese patients may require earlier screening, but that modification of the
screening guidelines should await results of more studies [45]. Aside from its implications
for assessing polyp risk, measurement of visceral adiposity on CTC also provides potentially
clinically useful information about risks for other cancers, for cardiovascular disease, the
metabolic syndrome, diabetes and vitamin D deficiency [46, 47]. Because of its ease of
implementation as a fully automated measurement, assessment of visceral adiposity could be
added to routine non-colonographic abdominopelvic CT interpretation, particularly in
individuals over age 50. Visceral fat measurement may also be useful in the assessment of
patients diagnosed with colorectal cancer [48-50].

In this study, we measured visceral fat using validated automated software. We used
automated software because of the large number of cases to be analyzed and to show that
such automation was feasible and accurate. However, for routine clinical implementation,
manual tracing to identify the visceral compartment and measure visceral fat is simple, fast
and accurate and is currently widely practiced.

A potential limitation of this study is that subcutaneous fat was not also assessed because
often it was partially outside the display field-of-view of the images, leading to inaccuracies
in the measurements. This is because for CT colonography, the colon and not the
subcutaneous fat is the subject of interest. Therefore, we could not assess the contribution of
subcutaneous fat to colorectal polyp risk. However, we could find no published research
implicating the importance of subcutaneous fat for predicting colorectal polyps, in contrast
to the substantial body of research regarding visceral fat and polyps. Another limitation is
that we did not assess the contributions of other risk factors for polyps such as smoking,
alcohol or diet.
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In summary, visceral adiposity can be determined simultaneously with colorectal cancer
screening at CTC. Accurate adiposity measurements can be calculated in a three-
dimensional volume on abdominal CT with fully-automated software. Obese patients (those
in the highest quintile of VAV%) are about 2.1 times as likely to have at least one
adenomatous polyp and about 1.6 times more likely to have at least one hyperplastic polyp
compared to thin patients (those in the lowest quintile of VAV%). Our methods may be
clinically useful for screening for visceral adiposity and assessing colorectal polyp risk.
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Fig. 1.

Ilustration of fully-automated method to measure adipose tissue. A) Two-dimensional
transaxial CT colonography image at L2 level of a 52 year-old man. B) Smoothed image
after anisotropic filtering. C) External (yellow) and internal (light blue) contours generated
by automated software. D) Segmented subcutaneous (red) and visceral (dark blue) adipose
tissue. The volume of the visceral adipose tissue normalized to internal body volume (VAV
%) measured by the automated software was 25.3%.
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Fig. 2.

Bland-Altman plots of validation experiment (n=50). (A—C) Plots compare pairwise
assessments of visceral adipose tissue as a percentage of internal body volume (VAV%)
determined by automated software (Auto) and by two observers using manual tracing (Manl
and Man2). The dashed lines indicate the + two standard deviation limits of agreement.
Maximum disagreement was 2% in all three comparisons.
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Fig. 3.

Transaxial CT colonography images at the L2-L3 level of patients in the (A) lowest and (B)
highest quintiles of VAV%. External (yellow) and internal (light blue) contours and
subcutaneous (red) and visceral (dark blue) adipose tissue generated by automated software
are shown. The volumes of the visceral adipose tissues normalized to internal body volumes
(VAV%) measured on these images are (A) 5.65% and (B) 46.15%. The 51 year-old woman
in (A) did not have any polyps. The 69 year-old man in (B) had one 10 mm adenomatous
polyp in the ascending colon.
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Fig. 4.

ROC curves for the presence in a patient of at least one polyp. The AUC and standard
deviation of AUC for any, adenomatous, advanced adenomatous, non-advanced
adenomatous, and hyperplastic polyps are 0.583+0.017, 0.579+0.018, 0.624+0.034,
0.574+0.018 and 0.584+0.020, respectively, at different thresholds of VAV% (solid lines).
The AUC and standard deviation of AUC for any, adenomatous, advanced adenomatous,
non-advanced adenomatous and hyperplastic polyps are 0.606+0.016, 0.611+0.018,
0.658+0.033, 0.612+0.018 and 0.596+0.020, respectively, at different thresholds of
prediction probability using logistic regression (LR) analysis (dotted lines).
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Results of validation experiments

TABLE 2

Bland-Altman 95% Limits of Agreement

VAV (cmd)
Automated vs. Manual 1 -1.64,0.34
Automated vs. Manual 2 -1.21, 0.20
Manual 1 vs. Manual 2 -0.48, 0.77

VAV% (%)
-1.68, 0.67
-1.26,0.60
-0.71, 1.06

VAV
0.997
0.998
0.998

Coefficient of Determination (r2) from Linear Regression

VAV%
0.996
0.997
0.997

Abbreviations:
VAV visceral adipose volume

VAV% visceral adipose volume divided by internal body volume

Measurements were made on a single 1 mm CTC section.
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Table 6

Odds ratios for the association of visceral adipose area and adenomatous polyps reported in the literature

Reference Number of Subjectswith and without Adenomas Odds Ratio
Johnson et al. [18] 25,25 1.9[05,7.3]
Ohetal. [19] 53, 147 4.07[1.01, 16.43]
Otake et al. [20] 51,52 2.19[1.47, 3.28]
Kang et al. [16] 1122, 1122 3.09 [2.19, 4.36]
Yamaji et al. [17] 637, 568 158 [1.14, 2.21]
Sass et al. [21] 60, 59 1.0[0.3,3.3]
Schoen et al. [22] 202, 256 0.77 [0.44, 1.33]
Erarslan et al. [23] 31,50 *

Yamamoto et al. [24] 86, 258 1.02 [0.46, 2.24]

Note -- Visceral adipose tissue is sometimes reported as a volume even when measured on only a single image. Odds ratios are for patients in the
highest group of visceral fat relative to those patients in the lowest group.

*
Odds ratios not reported; visceral fat area not significantly different between patients with adenomas and controls.
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