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Abstract:

Background: Epidemiologic data suggest that colonic adenomas have an increased tendency to
occur in patients who are obese, African American, or have a positive family history of colon
cancer, or diabetes mellitus. Recent data suggest that impaired glucose tolerance, dyslipide-
mia, and metabolic syndrome are associated with a higher risk for colonic adenomas. Patients
with nonalcoholic fatty liver disease (NAFLD) often share several of the aforementioned risk
factors for colonic adenomas. However, data are lacking about the relationship between
NAFLD and colonic adenomas. The aim of this study was to systematically evaluate whether
NAFLD is an independent risk factor for colonic adenomas.

Methods: We performed a retrospective cohort observational study on 233 patients who
underwent screening colonoscopies at Brooke Army Medical Center from November 2007 to
March 2010 to assess for the association between NAFLD and colonic adenomas. Patients who
had previously been found to have biopsy-proven simple steatosis (n=65) or nonalcoholic
steatohepatitis (NASH] (n=29) were compared with a control group without fatty liver disease
on sonographic imaging (n=139). Patients were stratified based on gender, race, body mass
index (BMI], and family history and adjusted for variables previously known to be associated
with increased adenoma risk.

Results: The mean age was 54.7 + 6.0 years (48.5% women). Racial demographics were: 62.7%
White, 18.5% Hispanic, 13.7%, African American, and 5.2% other. The mean BMI| was 29.7+5.8.
The prevalence of colonic adenomas was 25.1% in the control group and 24.4% in the NAFLD
group to include simple steatosis and NASH (p=1.00). Furthermore, when adjusting for known
confounders to include race, BMI, and family history no significant differences were found
(p=0.33). However, the ultrasound-negative patients ranked lower in the number of adenomas
per person (p=0.016).

Conclusions: There was no difference in the prevalence of colonic adenomas when comparing
the NAFLD group who had undergone colonoscopy with a group of control patients without
NAFLD who had undergone colonoscopy. However, patients with negative ultrasounds
appeared to have a lower polyp burden.
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nonalcoholic steatohepatitis

metabolic syndrome,

resistance and metabolic syndrome are potential
risk factors as well [Reilly and Rader, 2003].
Metabolic syndrome — to include at least three
of the following factors: increased waist circum-
ference,  hypertriglyceridemia  (triglycerides
>150mg/dl), low high-density lipoprotein
(HDL) cholesterol (<50mg/dl in women and
<40mg/dl in men), hypertension (130/
>85 mmHg), and elevated fasting glucose — is a
sequelae of conditions that has plagued the

Introduction

Colon cancer remains one of the most common
causes of cancer worldwide and the second most
common cause of cancer death in the United
States [Labianca er al. 2010; Nelson and
Thorson, 2009]. One million new cases are diag-
nosed each year [Boyle and Leon, 2002].
Although increased age, black race, smoking
and low fiber diets are well established risk
factors, data suggest that obesity, insulin
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Western world. Its incidence is increasing in pop-
ulations that are obese and overweight. In the
United States, metabolic syndrome affects
nearly 25% of people over the age of 20 and
close to 45% of persons over the age of 50
[Giovannucci, 2007].

Nonalcoholic fatty liver disease (NAFLD) is the
hepatic manifestation of metabolic syndrome and
the main cause for elevated liver enzymes
[Rubinstein ez al. 2008]. The prevalence of
NAFLD ranges from 20% to 46% in the
Western world [Williams ez al. 2011; Patel ez al.
2009; Powell er al. 2005]. Many studies have cor-
related metabolic syndrome with increased risk
for colon cancer or precancerous polyps
[Larsson and Wolk, 2007; Ahmed ez al. 2006].
Kim and colleagues [Kim ez al. 2007] found a
prevalence of colonic adenomas to be 17% in
patients with metabolic syndrome compared
with 11% in the control population without met-
abolic syndrome. However, there is a paucity of
literature analyzing NAFLD and its relationship
to colorectal neoplasms. Knowing that metabolic
syndrome alone is a risk factor for adenomatous
colon polyps, this investigation aimed to deter-
mine if NAFLD is an independent risk factor
for colorectal adenomatous polyps.

Patients and methods

Study participants

We performed a retrospective cohort observa-
tional study on patients who underwent screening
colonoscopies at Brooke Army Medical Center
(BAMC) from November 2007 to March 2010.
Study participants were previously enrolled in a
recently published NAFLD prevalence study
[Williams er al. 2011]. Of the 400 patients
enrolled, 233 had colonoscopies within the
study dates. Patients were included only if they
had undergone a colonoscopy at our facility
within the study dates, completed a right upper
quadrant ultrasound to evaluate for fatty liver dis-
ease, and completed a subsequent liver biopsy to
exclude nonalcoholic steatohepatitis (NASH) if
fatty liver was found to be present on ultrasound.

Measurements

The body mass index (BMI) for all patients was
calculated in kg/m® Hepatic ultrasonography
scanning (ATL HDI 5000, Philips Medical
Systems with a C4-2 MHz curved array trans-
ducer; iU22 Ultrasound system, Philips Medical
System with a C5-1MHz curved array

transducer (Andover, MA, USA); and the
Acuson S2000 Siemens Ultrasound System
(Malvern, PA, USA)) was performed on all par-
ticipants by one of five sonographers with 5—22
years of experience. Fatty liver was diagnosed if
there was significantly increased echogenicity rel-
ative to the renal parenchyma, the ultrasound
beam was attenuated with the diaphragm indis-
tinct, or the echogenic walls of the portal veins
were less visible. A single expert hepatopatholo-
gist reviewed all liver biopsies and utilized the
scoring system established by Brunt and col-
leagues [Brunt er al. 1999] for grading and stag-
ing of steatohepatitis if present.

Colonoscopy

Each patient underwent colonoscopy after com-
pleting a bowel preparation with 4 L. polyethelyne
glycol lavage solution. Colonoscopies were per-
formed by one of seven staff gastroenterologists
at BAMC. Each colonoscopy report was exam-
ined for the presence of polyps, polyp location,
size (<5mm, 5—10mm, or >10mm), number,
attachment (flat, sessile, or pedunculated), and
histology. The location of polyps was divided
into ascending, hepatic flexure, transverse, sple-
nic flexure, descending, sigmoid, and rectal.
Family history of adenomas was also recorded.

Statistical analysis

All calculations were performed with the use of
Windows SPSS 16.0 statistical software
(Chicago, Illinois, USA). The statistical results
are presented as the mean =+ standard deviation
or percentages. The statistical analyses included
one-way analysis of variance (ANOVA),
Student’s t-test, Pearson Chi-square test,
Kruskal-Wallis ANOVA, and Mann—Whitney
rank sum. The Spearman rank test was used to
assess the correlation between NAFLD and colo-
nic adenomas after adjusting for independent
variables previously known to be associated with
increased colon cancer risk, such as age, race,
BMI, and family history. Each odds ratio (OR)
is presented with its 95% confidence interval
(CI). A value of p < 0.05 was considered statisti-
cally significant. The study was approved by the
Institutional Review Board of BAMC, and all
participants provided permission for their medi-
cal information to be used for research.

Results

Of the 233 patients with colonoscopies included
in this study, 139 (59.6%) did not have fatty liver
on ultrasound and served as the control group
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while 94 (40.3%) had positive ultrasounds for
fatty liver. Of the patients with positive ultra-
sounds, 65 (69.1%) were biopsy proven simple
steatosis and 29 (30.9%) had NASH
[Stage 0—-1 ®=22), Stage 2-4 @#©=T7)].
Patients were stratified based on gender, race,
BMI and family history, and adjusted for vari-
ables previously known to be associated with
increased adenoma risk. The mean age was
54.7+6.0 years, 48.5% female, mean BMI
29.7+5.8. The study population included
62.7% Whites, 18.5% Hispanics, 13.7% African
Americans, and 5.2% other. Of all the ethnic
groups, the highest percentage of NAFLD
existed among Hispanics (58.2%). Compared
with the control group, those with NAFLD had
a significantly higher BMI (p < 0.001) and were
more likely to have metabolic syndrome
(» <0.001). Baseline characteristics of the study
participants are summarized in Table 1.

Among the 233 patients included in the study, 58
had adenomatous polyps (24.8%) on colonos-
copy. Of these, 35 were in the control group,
and 23 were in the ultrasound-positive group to
include simple steatosis and NASH. The preva-
lence of colonic adenomas was 25.1% in the con-
trol group (35 of the 139 patients) and 24.4% (23
of the 94 patients) in the NAFLD group. The p
value between the two groups was not statistically
significant (p=1.00) (Table 2). No significant
differences were found when adjusting for
known confounders to include ethnicity, age,
BMI, and family history (p =0.33).

However, there were significantly more adeno-
mas within the NAFLD group when adenoma
mean ranks from the control group were com-
pared with those of the NAFLD group
(»p=0.016) (Figure 1).

When analyzing adenoma size, most adenomas
were less than 5mm across all three groups.
Adenomas were distributed equally between
right (ascending, hepatic flexure, transverse,
and splenic flexure) and left (descending, sig-
moid, and rectal) sides of the colon. Most ade-
nomas were either flat or sessile between groups.
The majority of adenomas were tubular adeno-
mas. Two patients in the ultrasound-negative
group demonstrated tubulovillous histology.
This is summarized in Table 3 and reported as
the number of patients with each given adenoma
characteristic.

Diabetes was identified in 35 of 233 patients
(15.0%) and hypertension in 109 of 233 patients
(46.8%). Low HDL and hypertriglyceridemia
were seen in 49 of 233 (21.0%) and 80 of 233
patients (34.3%) respectively. Metabolic syn-
drome was present in 40 of 233 patients
(17.1%). Individual components of metabolic
syndrome to include impaired fasting glucose,
low HDL, hypertension, and hypertriglyceride-
mia were associated with increased risk of fatty
liver disease, as illustrated in Table 1. Patients
with metabolic syndrome had a 90% risk of also
having NAFLD (Figure 2). However, there was
no significant increase in the risk for colonic

Table 1. Baseline characteristic of patients taking part in study.
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Table 2. Prevalence of colonic adenomas between patients with and without nonalcoholic steatohepatitis.
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Figure 1. Number of adenomatous polyps with respect to ultrasound (US) findings in three groups. NASH,

nonalcoholic steatohepatitis.

adenomas when comparing individual compo-
nents for metabolic syndrome and metabolic syn-
drome alone (Table 4). Waist circumference was
not obtained in our previously referenced study
and therefore was not utilized in our analysis
[Williams ez al. 2011].

Overall, this study confirmed an overwhelming
relationship between fatty liver disease and indi-
vidual components of metabolic syndrome and
metabolic syndrome alone. Although an
increased risk for colonic adenomas was not
found in patients with NAFLD or metabolic syn-
drome, a higher burden of adenomas was
reflected in patients with NAFLD.

Discussion

This is the first study to evaluate the relationship
between biopsy-confirmed fatty liver disease and
colonic adenomas. Hwang and colleagues con-
ducted a large population-based study in Korea
comparing the relationship between ultrasound-

diagnosed NAFLD and colorectal adenomas.
They found a direct association with NAFLD
and colonic adenomas and in particular, an
increase in adenoma polyp numbers in patients
with fatty liver disease [Hwang ez al. 2010]. Our
study found similar associations with the addition
of biopsy proven fatty liver disease. The results of
our study show that patients with NAFLD to
include simple steatosis and NASH do not have
a higher prevalence of precancerous polyps but
rather have an increase in overall number of ade-
nomatous polyps. Currently, patients with more
than three adenomas of any size are subject to
colonoscopic screening every 3 years [Rex ez al.
2009]. Thus, patients with NAFLD may need
more stringent endoscopic follow up and this
may have implications for current screening
guidelines.

NAFLD is commonly referred to as the hepatic
manifestation of metabolic syndrome and
patients with metabolic syndrome have been
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Table 3. Adenoma characteristics in sample patient population.
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Figure 2. Percentage of patients with nonalcoholic fatty liver disease (NAFLD) with metabolic syndrome (MS).

shown to have higher risks of colorectal cancer, as
illustrated by several studies [Colangelo ez al
2002; Trevisan et al. 2001]. The mechanism
that joins the two entities is most likely linked
to insulin resistance [Pais er al. 2009]. Perhaps
the factors that lead to metabolic syndrome also
play a distinct role in carcinogenesis.

Adiponectin is an adipokine that is found in
decreased concentrations in those who are
obese and have diabetes or insulin resistance.
Decreased adiponectin leads to increased insulin
levels due to marked insulin resistance and in
turn increases insulin growth factor-1 (IGF-1)
[Kaaks er al. 2000]. Adiponectin also directly
inhibits tumor necrosis factor alpha (TNF-a),

which plays a role in tumor cell proliferation
and angiogenesis [Ferroni et al. 2007; Rose
et al. 2004]. In a study by Ferroni and colleagues
[Ferroni ez al. 2007], low adiponectin levels were
inversely related to colonic tumor stage and inde-
pendently predicted cancer recurrence [Stattin
et al. 2004]. Insulin binds to IGF-1 receptors
and plays an important role in cell proliferation,
apoptosis and increased production of vascular
endothelial growth factor, an angiogenic factor
that supports cancer growth [Grimberg and
Cohen, 2000; Warren ez al. 1996].

Inflammatory cytokines may also play a role in
colorectal carcinogenesis and are also related to
metabolic syndrome in that adipocytes secrete
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Table 4. Risk of adenomatous polyp by individual factors of metabolic syndrome.

various cytokines such as TNF-a, interleukin-6
(IL-6), IL-8 and IL-10 [Cowey and Hardy, 2006;
Trayhurn and Wood, 2004]. It is postulated that
groups of adipocytes become hypoxic and
secrete cytokines to stimulate angiogenesis into
the adipose cells and these cytokines in turn
promote insulin resistance and increase circulat-
ing triglycerides. This proinflammatory state
influences growth, apoptosis, and proliferation
of tumor cells in many cancers, including colo-
rectal carcinoma [Shoelson er al. 2006; Pittas
et al. 2004; Sonnenberg er al. 2004]. Although
more studies are needed to discern the exact
mechanisms for increased risk of colorectal ade-
nomas in patients with metabolic syndrome, an
association is clinically recognizable.

Our study has several limitations. The population
size was too small to accurately reflect some
known risk factors to be associated with adeno-
mas, such as family history and ethnicity. The
retrospective design made it difficult to conclude
causality between NAFLD and the risk of colonic
adenomas in the setting of independent confoun-
ders. Previously published data suggest that inde-
pendent components of metabolic syndrome are
associated with increased adenoma risk [Liu ez al.
2010; Pittas et al. 2004], however our study did
not show this association. Our study population
was also skewed in age in that most of the study
participants were over the age of 50. Perhaps if
we offered colonoscopy to a younger NAFLD
patient group we may have uncovered different
relationships.

In conclusion, our study is the first to show an
association with biopsy-proven NAFLD and the
burden of colonic adenomas. Although the prev-
alence of adenomas was not increased in either
group, we showed that there was a potentially
increased polyp burden in patients with fatty
liver disease compared with the ultrasound-nega-
tive group. Additional prospective studies are
needed to better define a true association
between NAFLD and adenomatous colon
polyps. However, data still suggest that metabolic
syndrome and its components are associated with
increased risk for colonic neoplasm. This rela-
tionship has an important impact on society
and further emphasizes the importance of a
healthy lifestyle to prevent and treat metabolic
syndrome and its hepatic manifestation,
NAFLD.

What is already known

1. Metabolic syndrome has been associated
with increased risk of cancer overall.

2. NAFLD is the hepatic manifestation of met-
abolic syndrome.

3. Colon cancer is the second most common
cause of cancer death in USA.

What is new here

1. Patients with NAFLD do not appear to be at
increased risk for colonic adenomas.
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2. No single component of metabolic syndrome
increases the risk for colonic adenomas.

3. NAFLD appears to be associated with a
higher polyp burden than in patients without
NAFLD.
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