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Abstract

AIM: To investigate relationships between colorectal
adenoma incidence, metabolic syndrome (MS) compo-
nents and lifestyle factors.

METHODS: We conducted a retrospective cohort
study using data from individuals who had multiple sig-
moidoscopies for colon cancer at the Health Promotion
Center of Ulsan University Hospital in Korea from 1998
to 2007.

RESULTS: By multivariate analysis, the incidence of
distal colon adenoma was increased by more than 1.76
times in individuals with at least one component of MS
compared to those without a component of MS. After
adjustment for age, gender, smoking, drinking, and
physical exercise, only high body mass index (BMI)
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was significantly associated with the incidence of distal
colon adenoma (Hazard ratio 1.66, 95% confidence
interval 1.05-2.62).

CONCLUSION: Our results suggest that high BMI
may increase the risk of colorectal adenoma in Korean
adults.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer is a major cause of cancer death in de-
veloped Western countries such as the United States and
nations of Europem. However, the incidence of colorec-
tal cancer has been increasing rapidly over the past two
decades in Korea, which was previously known as a low-
risk area. According to a report from the Ministry of
Health and Welfare of Kotrea, colorectal cancer was the
third most commonly diagnosed malignancy after stom-
ach and lung cancer in 2005. From 1999 to 2005, the in-
cidence of colorectal cancer rose from 26.2 to 39.6 cases
per 100000 population for men and from 16.4 to 22.2
per 100000 for women'”.

As colorectal adenomas are recognized as precursors
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of colorectal cancer, identification of their risk factors
would seem to be helpful in the prevention of colorectal
cancer”. One of the main explanations given for the
increasing incidence of colorectal cancer in Korea is the
growing adoption of the westernized diet consisting of
high fat and sugar. The western diet is also known to in-
crease the risk of metabolic syndrome (MS)™,

In several previously reported studies, MS or its in-
dividual components such as obesity, impaired glucose
tolerance, hypertension, low high-density lipoprotein
cholesterol, and hypertriglyceridemia were found to be
associated with colorectal adenomas” . In addition, life-
style factors such as alcohol drinking, cigarette smoking,
and lack of physical exercise also have been shown to be
associated with the incidence of colorectal adenoma'*"".
However, most previous studies showed only a weak
temporal relationship between exposure and disease oc-
currence.

To date, no cohort study has examined the associa-
tion between the individual components of MS or life-
style factors and the incidence of colorectal adenoma
in Korea. In this study, we investigated the relationships
between the incidence of distal colon adenoma and MS
components and also lifestyle factors in a Korean popu-
lation-based cohort.

MATERIALS AND METHODS
Study population

We conducted a retrospective cohort study using data
from individuals who had multiple sigmoidoscopies
at the Health Promotion Center of Ulsan University
Hospital in Korea from 1998 to 2007. We recommend
screening flexible sigmoidoscopy (SES) to our patients
according to guidelines for colorectal cancer screening
issued by the American College of Gastroenterology'™.
Nevertheless, some patients within our study population
had undergone two or more surveillance SFS examina-
tions at short intervals. Perhaps some of these study pat-
ticipants had misunderstood the recommended guide-
lines or had lower gastrointestinal tract symptoms or risk
factors for colorectal cancer such as family history; or
there may be other reasons for the multiple examinations
at short intervals.

A total of 15353 asymptomatic adults underwent a
flexible sigmoidoscopy. Of these, 13566 were excluded
because they had undergone only one sigmoidoscopy or
data were missing from their records. Among the remain-
ing 1787 individuals who had had at least two sigmoidos-
copies during a period of two years, 225 individuals who
were specific for tubular adenoma (» = 109 adults) or
hyperplastic polyps (7 = 116 adults) at the first sigmoido-
scopic examination were excluded. Thus, a cohort of
1562 individuals was included in this study (Figure 1).

The following parameters were collected from medi-
cal records and from self-administered questionnaires:
height, body weight, systolic and diastolic blood pres-
sures, serum biochemistry, flexible sigmoidoscopy re-
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~
Individuals who underwent
sigmoidoscopy at our hospital
(1998-2007), n = 15353
J
.
~
Individuals who underwent Individuals who underwent
sigmoidoscopy = 2 times, one sigmoidoscopy,
n = 1787 n = 13566

Individuals whose first sigmoid-
oscopy did NOT show tubular
adenoma or hyperplastic polyps,
n = 1562

Number of included individuals,
n = 1562
(1089 males; 473 females)

Individuals whose first sigmoid-
oscopy showed tubular adenoma
or hyperplastic polyps, n = 225

Figure 1 Case selection.

sults, and past medical history. The study protocol was
approved by the Institutional Review Board of Ulsan
University Hospital.

Questionnaire information

Using a structured, self-administered questionnaire, pa-
tients were asked about their smoking and drinking hab-
its, physical activity, medical history and socioeconomic
status.

Smoking was categorized as never, ex-smoker and
current smoker. An individual who reported smoking
within the past 30 d was classified as a current smoker.
An ex-smoker was defined as an individual who had
smoked at least one pack-year and was distinguished
from someone who had never smoked. Current drinkers
were defined as individuals who had consumed alcohol
at least once per week over a period of at least 1 year.
For alcohol consumption, individuals were classified as
never ot current drinkers.

Physical activity was classified as regular, irregular,
and none based on the regularity, regardless of the type
of exercise or intensity level. Individuals who reported
having exercised regularly within the past year were
classified into the regular exercise group. The irregular
exercise group comprised individuals who had exercised
irregularly within the past year, and were distinguished
from those who had never exercised in the past year.
The regular and irregular exercise groups were classified
as the exercise “yes” group in the analysis.

Anthropometric and laboratory measurements

Anthropometric measurements were made by well-
trained examiners in individuals wearing light clothing
and without shoes. Height was measured to the nearest
0.1 cm and weight to the nearest 0.1 kg using Inbody 2.0
(Biospace, Seoul, Korea). Body mass index (BMI) values
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Table 1 Age- and gender-specific prevalence of metabolic syndrome in the study population » (%)

Age group Males Females
on n MS criteria n MS criteria
BMI FBS HBP TG HDL MS BMI FBS HBP TG HDL MS
=25 =110 =150 < 40 =3 =25 =110 =150 < 50 =3
20-29 4 0(0) 0 (0) 125  0(0) 1 25  0(0) 2 00  0(0) 0 (0) 0 (0) 2(100) 0 (0)
30-39 81 29(36) 8(10) 14(17) 29(36) 22(27) 18(22) 26 4(15) 0(0) 2(8) 208) 1246  0(0)
40-49 451 154 (34) 68(15) 137(30) 131(29) 120(27) 76(17) 191 34(18) 15(8) 40(21) 20(10) 91(48) 18(9)
50-59 466 164 (35) 91 (20) 195 (42) 123 (26) 101 (22) 80(17) 200 52(26) 28(14) 61(31) 28(14) 104(52) 34(17)
=60 87 21(24) 21(24) 46(53) 28(32) 14(16) 20(23) 54 20(37) 10(19) 26(48) 14(26) 30(56) 16 (30)
Sub-total 1089 368 (34) 188 (17) 393 (36) 311(29) 258 (24) 194(18) 473 110(23) 53 (11) 129(27) 64 (14) 239 (51) 68 (14)

BMI: Body mass index (kg/m’); FBS: Fasting blood sugar (mg/dL); HBP: High blood pressure (systolic blood pressure

= 130 mmHg or diastolic blood

pressure = 85 mmHg); TG: Triglyceride (mg/dL); HDL: High density lipoprotein (mg/dL); MS: Metabolic syndrome.

were calculated by dividing weight (kg) by height squared
(m?). Blood pressure was measured by well-trained nurses
using a mercury sphygmomanometer in the sitting posi-
tion after at least a 10-min rest period. Following an over-
night fasting, blood samples were obtained and analyzed
on a Hitachi Modular DPE system (Roche Diagnostics,
Germany). The fasting plasma glucose (FPG) level was
measured using a hexokinase UV method. Triglycerides
(TG) were measured by an enzymatic calorimetric meth-
od. HDL-cholesterol (HDL-C) level was determined by
the homogeneous enzymatic colorimetric method.

Diagnosis of distal colon adenoma

The sigmoidoscopies were performed by gastroenter-
ologists who observed the entire procedure on a video
monitor. The procedure was intended to screen the distal
colon, including the descending and sigmoid colon, and
the rectum. When fully inserted, the 60-cm sigmoido-
scope reached to the mid-descending colon. Endoscopic
findings were recorded in a computer database. All visu-
alized lesions were biopsied and histologically assessed
by an experienced pathologist. The size of each polyp
was estimated by the use of 8-mm-diameter open-biopsy
forceps. Histological assessment of the polyps was pet-
formed by a single pathologist blinded to each patient’s
status. In this study, the adenomas were classified as tu-
bular, serrated, villo-tubular, high-grade dysplasia, and ad-
enocarcinoma types according to the World Health Orga-
nization classification”, For multiple primary adenomas
in the distal colon at different times, the earliest diagnosis
was applied, and for those occurring simultaneously, the
most advanced and most invasive diagnosis was applied.

Definition of MS

MS was defined according to the National Cholesterol
Education Program Adult Treatment Panel I (NCEP-
ATP 1) criteria with BMI used in place of waist cir-
cumference™. BMI was calculated as described above
(kg/m®). The definition of obesity was BMI = 25, as
recommended by the Korean Ministry of Health and
Welfare in 2006, The diagnosis of MS in this study
was made when at least 3 of the following 5 charac-

teristics were present: (1) BMI = 25 kg/m?% (2) TG
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= 150 mg/dL, or on drug treatment for elevated TG;
(3) HDL-C < 40 mg/dL in males and < 50 mg/dL in
females, or on drug treatment for reduced HDL-C; (4)
blood pressure (BP) = 130/85 mmHg, or on drug treat-
ment for hypertension; and (5) FPG = 110 mg/dL, or

on drug treatment for elevated glucose.

Statistical analysis

Multivariate Cox proportional hazards analysis was ap-
plied to assess the effect of prognostic variables in MS
and non-MS individuals. Results of the Cox propoz-
tional hazards model were presented as the hazard ratio
(HR) and the 95% confidence interval (95% CI). All P
values were two-sided, and all statistical analyses were
performed using SPSS version 14.0.

RESULTS

A total of 1562 individuals (1089 men and 473 women)
were included in the study. Of these, 229 (14.7%) sub-
jects (197 men and 32 women) were found to have distal
colon adenomas.

Table 1 shows the age- and gender-specific preva-
lence of MS in the study population. The prevalence of
MS in males was slightly higher than in females (18%
and 14%, respectively). Hypertension was the most com-
mon metabolic abnormality in both sexes.

The associations between the incidence of distal
colon adenomas and the number of MS components
are shown in Table 2. In our cohorts, 263 (16.8%) of
the individuals were diagnosed with MS according to
NCEP-ATP I criteria. Among the MS subjects, 182
(69.2%) had three components, 64 (24.3%) had four
components, and 17 (6.5%) had all five. After adjusting
for age and gender, the presence of any component of
MS showed a positive association with the incidence of
distal colon adenoma. According to multivariate analy-
sis, the risk of distal colon adenoma was increased in
patients with even one component of MS compared to
patients without any component of MS, but this result
was not statistically significant.

Among the MS components, diastolic blood pressure,
systolic blood pressure, BMI, HDL and FBS were posi-
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Table 2 Hazard ratios for distal colon adenomas according to the number of metabolic syndrome components

Number of MS diagnostic Cases Person years Age-, sex-adjusted hazard 95% CI Multivariate hazard 95% CI
criteria present ratio ratio’

0 434 1446 1.00 1.00

1 504 1697 1.18 0.83 1.67 1.76 0.94 3.29
2 361 1272 1.02 0.70 1.50 1.69 0.86 3.29
2) 182 610 1.36 0.88 210 1.48 0.66 3.36
4 64 224 1.35 0.73 247 214 0.81 5.63
5 17 62 1.52 0.54 4.28 2.92 0.62 13.73

'Adjusted for age, sex, smoking status, drinking status, exercise status. CI: Confidence Interval; MS: Metabolic syndrome.

Table 3 Hazard ratios for distal colon adenomas according to individual components of metabolic syndrome and lifestyle factors

Characteristics Cases Person years Age-, sex-adjusted 95% CI Multivariate hazard 95% CI
hazard ratio ratio’

DBP

<85 1237 4106 1.00 1.00

=85 325 1206 0.75 0.54 1.04 0.68 0.35 1.29
SBP

<130 1085 3648 1.00 1.00

=130 477 1664 0.97 0.73 1.29 1.50 0.82 2.73
BMI

<25 1084 3688 1.00 1.00

=25 478 1623 1.39 1.07 1.82 1.66 1.05 2.62
HDL

= 40 (= 50') 1065 3641 1.00 1.00

<40 (< 50") 497 1671 1.19 0.88 1.60 1.04 0.57 1.88
TG

<150 1187 4025 1.00 1.00

=150 375 1287 0.96 0.72 1.29 0.76 0.45 1.27
FBS’®

<110 1321 4457 1.00 1.00

=110 241 855 1.13 0.82 1.58 1.32 0.77 2.27
Smoking

Never smoked 606 2048 1.00 1.00

Ex-smoker 218 769 0.86 0.57 1.29 1.34 0.70 2.54
Current smoker 262 1072 0.81 0.56 1.17 1.39 0.79 244
Drinking

No drinking 396 1307 1.00 1.00

Current drinking 772 2695 1.59 1.02 247 1.82 0.92 3.60
Exercise

Never 409 1587 1.00 1.00

Irregular 398 1549 1.09 0.73 1.62 0.96 0.58 1.58

Regular (= 1 time/wk) 273 1077 1.22 0.78 1.90 0.88 0.49 1.60

'Female; *Adjusted for sex, age, systolic and diastolic blood pressure. DBP: Diastolic blood pressure; SBP: Systolic blood pressure; BMI: Body mass index;
HDL: High density lipoprotein; TG: Triglyceride; FBS: Fasting blood sugar; HDL: High density lipoprotein; CI: Confidence interval.

tively associated with the risk of distal colon adenoma;
however, only the association with BMI was statistically
significant (Table 3). Among the lifestyle factors exam-
ined in our study, smoking and drinking were positively
associated with the risk of distal colon adenoma whereas
exercise showed a negative correlation, but these results
were not statistically significant.

DISCUSSION

In this study, we confirmed a positive association be-
tween MS and distal colon adenoma in a Korean popula-
tion. We found that, compared to persons without any
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component of MS, the risk of distal colon adenoma
positively increased with the presence of even one com-
ponent of MS. These results are consistent with those
of Lee ¢t al”. Moreover, we found only BMI to be an
independent risk factor of distal colon adenoma among
the five components of MS examined.

Although NCEP-ATP Il requires waist circumfer-
ence for diagnosis of MS, we used BMI as an indicator
of obesity because the cut-off points of waist circum-
ference in Koreans differ from those currently recom-
mended by the NCEP-ATP III. The cut-off points of
walst circumference for central obesity in Koreans are

90 c¢m for men and 85 cm for women"”. Moreover,
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currently there is no equivalent method for the measure-
ment of waist circumstance, whereas BMI is an easy
and accurate index. Waist circumference measurements
show strong between-observer differences, and should,
where possible, be carried out by one observer. Weight
and height are the most precisely measured variables,
and it is entirely appropriate that they continue to be the
predominant measure of choice in the vast majority of
nutritional anthropometric studies™. Therefore, most
medical institutions in Korea use BMI as an indicator of
obesity, defined by The Korean Ministry of Health and
Welfare as BMI = 2571,

Several studies have reported that MS is associated
with colorectal adenoma and that obesity is a risk factor
for the lesion, but the relationship between BMI and the
prevalence of colorectal adenoma has remained contro-
versial®>'***, Recently, a retrospective study of the ef-
fect of body weight changes on the development of new
colorectal adenomas was reported by Yamaji ez . In
their cross-sectional study, they found that the prevalence
of colorectal adenoma increased proportionally with
increasing BMI. According to their results, the preva-
lence of colorectal adenoma was 15.4%, 20.6%, 22.7%,
and 24.2%, respectively, in the first (BMI < 21.350
kg/m®), second (BMI 21.350 < BMI < 23.199 kg/m?),
third (BMI 23.199 << BMI < 25.156 kg/mz), and fourth
(BMI = 25.156 kg/m®) quartiles. Compared with the first
quartile, the adjusted odds ratios (ORs) were 1.15 (95%
Cl, 0.97-1.37; P = 0.10) for the second quartile, 1.19 (95%
Cl, 1.01-1.41; P = 0.04) for the third quartile, and 1.32
(95% CI, 1.12-1.56; P = 0.001) for the fourth quartile.
Their result is similar to our finding of a positive rela-
tionship between BMI and the prevalence of distal colon
adenoma. In our study we confirmed that persons with
high BMI (= 25) had a 66% higher incidence of distal
colon adenoma compared to persons with BMI < 25.
The study by Lee ez al” also revealed that the occurrence
of adenomatous colonic polyps was significantly associ-
ated with increased BMI levels. In contrast, Willett and
colleagues found no significant association between BMI
and colorectal adenoma!**”.

Another controversy remains regarding whether gen-
der differences exist in the relationship between BMI and
colorectal adenoma. Some authors reported that BMI
was associated with a higher risk of colorectal adenomas
among men but not among women””?". However, others
reported an increased risk and prevalence for significant
colorectal neoplasia in women as BMI increased, but not
in men!" ",

In the present study, current and past smoking and
current drinking behaviors all showed a positive asso-
ciation with the occurrence of distal colon adenoma,
whereas physical activity showed a negative association.
Our results are similar to those of other studies, but
none of the associations in any of the studies achieved
statistical signiﬁcancelzg’m. Prior to this study, we hypoth-
esized that individuals with unhealthy lifestyle behaviors,
such as cigarette smoking, alcohol drinking, and physical
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inactivity, would be at greater risk of distal colon ad-
enoma. The lack of statistical significance in the current
study could be due to the short observation period and
the interaction between MS components.

The strengths of our study include the cohort design
and the relatively large sample size. Furthermore, we
investigated the association of each component of MS,
which provided the opportunity to examine the differ-
ence in incidence rate of distal colon adenoma between
MS and non-MS individuals. Additionally, lifestyle fac-
tors related to MS, including cigarette smoking, alcohol
consumption, and physical exercise, were examined. One
other advantage of our study is that actual measurements
of height and weight were made by trained individuals.
This is preferred over self-reported data, which have
been used frequently in a number of well-known, large-
scale cohort studies, because heavier individuals tend to
under-report their weight. Furthermore, our study simul-
taneously measured anthropometrics, FBS, TG, HDL-C,
blood pressure, and adenoma incidence in a population
of individuals at average adenoma risk undergoing sig-
moidoscopy. Moreover, subjects in both the adenoma
and normal groups were confirmed as having or not
having the lesion through the same diagnostic procedure
of sigmoidoscopy. Therefore, it is highly unlikely that
the study results might be affected by misclassification
bias, and this hospital-based retrospective study is inter-
nally valid because the normal and recurrent adenoma
groups were selected from the same source population.

There were several limitations in our study which
need to be addressed. Firstly, the information on ciga-
rette smoking, alcohol drinking and physical activity was
self-reported, thus allowing for recall bias. This may
explain why a sedentary lifestyle and cigarette smok-
ing were not associated with an increased risk of distal
colon adenoma. Secondly, the study population may not
be representative of the general population because the
subjects were not randomly selected. Also, there may
have been some heterogeneity in fasting status and the
time of day that blood was collected. Finally, only the
adenomas of the distal colon, not the entire colon, were
screened using sigmoidoscopy. For the detection of co-
lon adenoma, colonoscopy may be more accurate than
sigmoidoscopy.

In conclusion, only BMI, but no other individual
component of MS, was positively associated with distal
colon adenoma risk. In contrast with previous cross-sec-
tional studies, we found that other MS components did
not have a synergistic effect on development of distal
colon adenoma™. However, this may be attributable to
the limitations mentioned above. One possible explana-
tion for our findings is that each component of MS may
promote or prevent adenoma development zia different
mechanisms that do not act in an additive or synergistic
manner. Further molecular biological research and epi-
demiological studies are needed to explore this topic.

To our knowledge, the present study is the first co-
hort study supporting a relationship between BMI and
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new development of distal colon adenoma in a Korean
population. BMI appears to be a better predictor than
the MS cluster, and therefore BMI may be the only com-
ponent needed.
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Background

In Korea, as in the developed countries, the incidence of colorectal cancer
has been increasing rapidly over the past two decades with the adoption of
westernized lifestyles. Because the western diet increases the risk of metabolic
syndrome (MS) and colorectal adenomas are precursors of colorectal cancer,
some researchers have investigated the relationships between the incidence of
colorectal adenoma and MS components and lifestyle factors.

Research frontiers

Several studies have reported that MS is associated with colorectal adenoma
and that obesity is a risk factor for the lesion. However the relationship between
body mass index (BMI) as a diagnostic tool of obesity and the prevalence of
colorectal adenoma has remained controversial. Moreover, to date, no cohort
study has examined the association between the individual components of MS
or lifestyle factors and the incidence of colorectal adenoma in Korea.

Innovations and breakthroughs

In our study, we found that the incidence of distal colon adenoma was increased
by more than 1.76 times in individuals with at least one component of MS com-
pared to those without a component of MS. Among the five components of MS
examined, only BMI was the independent risk factor of distal colon adenoma.
Persons with high BMI (> 25) had a 66% higher incidence of distal colon ad-
enoma compared to persons with BMI < 25. These results suggest that high BMI
may increase the risk of colorectal adenoma in Korean adults. To our knowledge,
this is the first cohort study with a relatively large sample size.

Applications
Reducing the BMI can be one of the best ways to prevent colorectal cancer in
Korean.

Peer review

This is the first cohort study to demonstrate an association between the in-
dividual components of metabolic syndrome and the incidence of colorectal
adenoma in Korean. It revealed that only a high BMI was associated with a high
risk of colorectal adenoma. The results are interesting and may contribute to
reduce the risk of developing colorectal cancer.
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