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Is height a risk factor for colorectal adenoma?
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Background/Aims: Although it is generally known that the risk for all types of
cancer increases with adult height, combined and for several common site-specif-
ic cancers (including colon and rectal), evidence is limited for adenomas, which
are precursors to colorectal cancer. We evaluated the association between height
and risk of colorectal adenoma at various stages of the adenoma-carcinoma path-
way.

Methods: We conducted a retrospective study using data from patients who had
undergone a complete colonoscopy as part of a health examination at the Health
Promotion Center of Samsung Medical Center between October 13, 2009 and
December 31, 2011. A total of 1,347 male subjects were included in our study. Mul-
tivariate logistic regression analysis was used to evaluate the association between
height and colorectal adenoma.

Results: Each 5-cm increase in height was associated with 1.6% and 5.3% higher
risks of advanced colorectal adenoma and high-risk colorectal adenoma, respec-
tively, but associations were not significant after adjusting for age, body mass
index, metabolic syndrome, alcohol intake, smoking, family history of colorectal
cancer, and regular aspirin use (p = 0.840 and p = 0.472, respectively).
Conclusions: No clear association was found between colorectal adenoma risk
and height. Unlike other site-specific tumors reported to have a consistent re-
lationship with height, the association between colorectal tumor and height re-
mains controversial.
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INTRODUCTION

sporadic CRCs, are found in up to 40% of people > 60
years of age [4]. The adenoma-carcinoma sequence, rep-

Tall people face an increased risk for cancer. The in-
creased risk of cancer associated with increased adult
height has been reported for all cancers combined and
for several specific common cancers, such as breast, ova-
1y, prostate, and large bowel [1-3]. However, evidence is
limited for associations between height and risk of pre-
cancerous lesions, including colorectal adenoma, the
major target of colorectal cancer (CRC) prevention by
colonoscopy.

Colorectal adenomas, the precursors of almost all
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resenting the progression from normal colonic mucosa
to small tubular adenomas to larger adenomas and, in
those with more advanced histological features (villous
features, high-grade dysplasia, or both), to cancer, is a
central tenet of our understanding and management of
colonic adenomas [4]. Endoscopic removal of adenomas
reduces the incidence of CRC [5]. Evaluating the risk
factors for colorectal adenoma and eliminating them or
increasing screening for those at risk could be helpful to
prevent CRC.
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Moreover, it is unclear to what extent height-associat-
ed risks vary by adenoma size, number, and histological
type, or how other factors, such as smoking and met-
abolic syndrome, affect these associations. One study
showed that height may be an explanatory factor for the
sex difference in human cancers [6]. CRC occurs more
frequently in men, and this excess risk may be due, in
part, to factors associated with height (e.g., number of
susceptible cells in a specific organ or growth-influenc-
ing exposure during childhood).

The aim of this study was to evaluate the association
between height and risk for colorectal adenoma. We
investigated a cohort of Korean men, as sex difference
affects the association between height and risk for CRC.

METHODS

Study participants

The study participants were Korean men (20 to 85 years
of age) at baseline, who had undergone a complete colo-
noscopy as part of a health examination at the Health
Promotion Center of Samsung Medical Center between
October 13, 2009 and December 31, 2011. A total of 1,347
male subjects were included.

Measurements

Weight (kg) and height (cm) were measured in light
clothing using a standardized scale and stadiometer, re-
spectively, by registered nursing staff. The mean height
of the study participants was 170.1 cm (standard devia-
tion, 5.75 cm; range, 142.6 to 190.8 cm). Body mass in-
dex (BMI) was calculated as weight divided by height
squared (weight [kg]/height [m?]). Information on the
health-related behaviors of all participants was obtained
by self-administered questionnaire. Three categories
were constructed for smoking habits in men, includ-
ing never smoker, former smoker, and current smoker.
Metabolic syndrome was evaluated as defined by the Na-
tional Cholesterol Education Program Adult Treatment
Panel III. Metabolic syndrome was diagnosed when
three or more of the following criteria were met: (1) BM I
= 25 kg/m?, (2) triglycerides (TG) = 150 mg/dL or on drug
treatment to decrease TG; (3) high density lipoprotein
cholesterol (HDL-C) < 40 mg/dL or on drug treatment
to reduce HDL-C; (4) blood pressure = 130/85 mmHg,
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or on drug treatment for hypertension; and (5) fasting
blood sugar = 110 mg/dL, or on drug treatment to de-
crease blood glucose. Regular aspirin use was defined as
consumption of two or more aspirin tablets per week for
the last 12 months.

Outcome measurements

The main endpoint was the association between height
and risk of colorectal adenoma. A complete colonos-
copy (Evis Lucera spectrum CLV-260SL Light Source,
Olympus, Tokyo, Japan) was performed on each patient
between October 13, 2009 and December 31, 2011. Twen-
ty-two board-certified gastroenterologists performed
the colonoscopies. All colonoscopists had performed
less than 500 examinations before the study period or
before working at the Center for Health Promotion.
Colonoscopies were performed after bowel preparation
with 4 L polyethylene glycol solution (Colyte, Taejun,
Seoul, Korea; Colyte-F, Taejun; Colonlyte, Dreamphar-
ma, Seoul, Korea). A complete colonoscopic examina-
tion was regarded as cecal intubation and adequate
bowel preparation. The characteristics of adenomas, in-
cluding number, size, and pathology, were documented.
The pathological diagnosis and definition of colorec-
tal adenoma were based on the World Health Organi-
zation classification [7]. All specimens were diagnosed
with histological descriptions by pathologists. Advanced
colorectal adenoma was defined as any of the following:
(1) adenoma = 10 mm; (2) villous histology; or (3) high-
grade dysplasia. High-risk adenomas were defined as
advanced adenomas or three or more adenomas. The
primary endpoint of this study was adenoma number.
Secondary endpoints were the numbers of advanced ad-
enomas and high-risk adenomas. Colorectal adenoma
subsites were categorized into right-sided (from cecum
to splenic flexure) or left-sided (from descending colon
to rectum). Adenomas with overlapping lesions in the
colon or that were not otherwise specified were exclud-
ed from analysis.

Analytical methods

The risk for colorectal adenoma associated with each
5-cm increase in height, and with quartiles of height
among study participants, were estimated by logistic
regression analysis in participants with complete an-
thropometric and lifestyle factor data. Covariates were
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adjusted using multivariate logistic regression analysis
to examine the effect of potential confounders on the
association between height and colorectal adenoma.
We adjusted for age, BMI, metabolic syndrome, family
history of CRC, smoking, alcohol intake, and regular as-
pirin intake. All statistical calculations were performed
using the SAS version 9.3 (SAS Institute Inc., Cary, NC,
USA). The p values < 0.05 were significant. The statistical
analysis was conducted in consultation with biomedical
statisticians at Samsung Medical Center.

RESULTS

Of the 1,347 men included, 618 (45.9%) had colorectal
adenomas, 56 (4.2%) had advanced adenomas, and 175
(13.0%) had high-risk adenomas.

We compared the distribution of risk factors accord-
ing to height quartiles among participants. Taller indi-
viduals were younger (p = 0.033) (Table 1). Comparisons
of subjects with colorectal adenomas and those without
adenomas, as well as the risk factor distribution (Table
2), revealed that those who developed colorectal adeno-
mas were significantly more likely to be older than those
who did not (p < 0.001). However, no significant associa-
tion was observed among the other risk factors.

We also compared the associations between risk fac-
tors and risk of adenoma according to subsite (Table 3).
After adjusting for age, no significant association was

Table 1. Baseline characteristics of the study participants
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observed between risk factors (including height) and
right-sided or left-sided adenomas, except for smoking,
which was significantly associated with all adenomas
and left-sided adenomas.

We examined the association between height and col-
orectal adenoma risk in men. In the age-adjusted analy-
sis (Table 4), each 5-cm increase in height was associated
with a 1.5% higher risk for advanced colorectal adeno-
ma and a 5.6% higher risk of high-risk adenoma, but no
increased risk was detected for all types of adenomas.
Advanced and high-risk adenomas (1.6% and 5:3%, re-
spectively) tended to be associated after additional ad-
justments for potential confounding factors (p = 0.840
and p = 0.472, respectively).

DISCUSSION

Height and cancer risk have been reported to be either
positively or negatively associated in a number of stud-
ies [1-3]. Taller individuals appear to be at increased
risk for cancer. One study reported a robust positive
association between height and mortality from all-
sites-combined cancer in a Korean male cohort study [8].

The association between height and site-specific
cancer risk is inconsistent among studies, compared
to all-site cancer risk. More studies have reported no
height-cancer associations for CRC compared to those
reporting a positive association. One meta-analysis [1]

Height quartile, cm

Characteristic pvalue
<1663(n=340) 166.4-170(n=336) 1701-173.9(n=327) =174 (n=344)
Age, yr 59.9 (40-83) 58.5(39-78) 58.5(38-84) 58.0 (29-80) 0.033
BMI, kg/m? 24.8(15.6-35.7) 24.6 (15.4-32.4) 24.4(16.8-32.3) 24.4(16.7-43.6)  0.099
Metabolic syndrome 66 (19.4) 73 (21.7) 65(19.9) 01 (26.5) 0.103
Alcohol intake 283(83.2) 291 (86.6) 282 (86.2) 302 (87.8) 0.364
Smoking habit 0.658
Never 87(26.1) 71 (20.6) 68 (20.2) 81 (23.2)
Past 161 (47.5) 157 (48.0) 155 (48.7) 162 (47.1)
Current 92 (26.4) 108 (31.3) 104 (31.0) 101 (29.6)
Family history of CRC 18 (5.3) 13 (3.9) 11 (3.4 17 (4-9) 0.582
Regular use of aspirin 73 (21.7) 54 (16.2) 63 (18.0) 65 (18.5) 0.356

Values are presented as median (range) or number (%).
BMI, body mass index; CRC, colorectal cancer.
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Table 2. Comparison of risk factor distributions between subjects with and without colorectal adenoma

Subjects without adenoma

Subjects with adenoma

Variable (2mym) (n = 618) pvalue
Age, yr 56.9 (48.4—65.4) 60.9 (51.9-69.9) <o0.001
Height quartile, group 0.208

1 177 163

2 181 155

3 177 150

4 194 150
Body mass index, kg/m? 24.5 (21.9—27.1) 24.7 (22.0-27.4) 0.291
Metabolic syndrome 152 (20.9) 143 (23.1) 0.227
Smoking habit 0383

Never 171 (23.4) 136 (22.0)

Past 347 (47.6) 288 (46.6)

Current 211 (28.9) 194 (31.4)
Alcohol intake 634 (87.0) 524 (0.85) 0.501
Family history of CRC 35 (4.8 24 (38.8) 0.894
Regular intake of aspirin 124 (17.0) 131 (21.2) 0.291

Values are presented as median (range) or number (%).
CRC, colorectal cancer.

summarized the results of 16 prospective studies that
reported on the associations between height and CRGC;
nine of the studies reviewed reported no association be-
tween height and cancer risk. In addition, in a review of
13 case-control studies reporting on height-CRC associ-
ations [9-21], 10 reported no height-cancer association
[10,12-14,16-21], whereas three reported an increased risk
(odds ratios [ORs] > 1.2) for taller individuals [9,11,15];
however, these effects were not significant at p < 0.0s.
In contrast, a meta-analysis of 13 case-controlled studies
[22] with a combined total of'5,287 CRC cases reported a
consistent height-cancer association in males. As incon-
sistent data have been reported in previous studies, the
potential height-CRC association remains controversial.

Despite the large amount of research on the potential
association between height and CRC risk, no study has
evaluated the association between height and colorectal
adenoma. We assessed the relationship between height
and colorectal adenoma in a case-control study among
participants undergoing routine colonoscopy. Consid-
ering that colorectal adenomas are the precursors of
almost all cases of sporadic CRC, and are the target of
colonoscopic screening (which is highly effective for
preventing CRC), evaluating the association between
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height and colorectal adenoma is clinically important.
This cohort study of Korean men shows a clear, but
not significant trend of increasing risk of advanced ad-
enoma and high-risk adenoma with increasing height
([OR, 1.015; 95% confidence interval [CI], 0.874 to 1.180; p
= 0.845] and [OR, 1.056; 95% CI, 0.918 to0 1.214; p = 0.449),
respectively). The risk for all adenomas did not increase
in accordance with height. Compared to all-site cancer
risk, the height-CRC association is more controversial.
We found no association between height and colorec-
tal adenoma; thus, colorectal tumor risk had no asso-
ciation with height, whereas other site-specific tumors
have been consistently reported to have associations
with height, such as breast cancer. The reasons for the
differences in risk among different tumors, and their
association with height, have not been fully explained.
A possible explanation for the discrepancy in findings
between colorectal tumors and other types of tumors
in association with height include the relationship be-
tween height and intestinal length. It has been suggested
that taller individuals have larger organs and therefore
a greater number of cells that can undergo neoplastic
change at each of these sites. This finding has been pro-
posed for the height and CRC association, because taller
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Table 3. Association between risk factors and colorectal adenomas according to subsite

All subjects with adenoma

Subjects with right-sided Subjects with left-sided

Variable (n = 618) adenoma only (n = 285) adenoma only (n = 157)
Age 1.058 (1.044-1.072) 1.053 (1.035-1.072) 1.042 (1.020-1.064)
p trend <0.001 <0.001 <0.001
Height quartile, group
1 1.0 (reference) 1.0 (reference) 1.0 (reference)
2 0.992 (0.725-1.350) 1.147 (0.767-1.718) 0.608 (0.369—0.999)
3 0.989 (0.722-1.355) 1.312 (0.880-1.957) 0.635 (0.388-1.038)
4 0.928 (0.679-1.270) 1.093 (0.729-1.638) 0.731 (0.458-1.167)
p trend 0.965 0.597 0.162
Body mass index, kg/m? 1.034 (0.989-1.080) 1.059 (1.000-1.122) 1.005 (0.937-1.077)
p trend 0.141 0.052 0.888

Metabolic syndrome
No
Yes
p trend
Family history of CRC
No
Yes
ptrend
Smoking habit
Never
Past
Current
p trend
Alcohol intake
No
Yes
ptrend
Regular use of aspirin
No
Yes
p trend

1.0 (reference)

1.005 (0.758-1.333)
0.971

1.0 (reference)

0.841 (0.486-1.455)
0.536

1.0 (reference)
1.083 (0.805-1.458)

1.490 (1.075-2.065)
0.023

1.0 (reference)
1.015 (0.722-1.428)
0.930

1.0 (reference)

1.026 (0.767-1.374)
0.862

1.0 (reference)

0.963 (0.674-1377)
0.837 0.104

1.0 (reference)

0.665 (0.407-1.087)

1.0 (reference)
1.000 (0.447-2.237)
0.605 0.999

1.0 (reference)

0.834 (0.418-1.661)

1.0 (reference) 1.0 (reference)

1.187 (0.725-1.942)
1.819 (1.081-3.059)

1.002 (0.690-1.455)
1.092 (0.718-1.661)
0.872 0.040

1.0 (reference) 1.0 (reference)

0.805 (0.477-1.356)
0.528 0.414

1.154 (0.740-1.801)

1.0 (reference) 1.0 (reference)

1.028 (0.712-1.485) 1.026 (0.643-1.638)

0.883 0.913

Values are presented as odd ratio (95% confidence interval).

CRC, colorectal cancer.

people have longer intestinal tracts (and, therefore, in-
creased epithelial cell proliferation) [23] and also because
acromegaly has been associated with an increased risk
for CRC [24]. However, it is unclear whether increased
height always results in a commensurate increase in
intestinal length, surface area, or cell number. Intesti-
nal length is roughly correlated with sex, age, weight,
height, and racial origin [25]. In a study by Hounnou et

http://dx.doi.org/10.3904/kjim.2014.313

al. [26], 200 non-fixed adult cadavers were studied, and
the length of the entire intestine was correlated with
subject weight, but not height. A multivariate analysis
demonstrated that body weight had the strongest cor-
relation with intestinal length, not height. Compelling
evidence from epidemiological studies indicates that
elevated levels of insulin like growth factor-i, insulin
resistance, and associated complications, such as ele-
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Table 4. Association between height and colorectal adenoma risk in men

Height quartile, group

Variable 5-cm increment  p value
2 3 4 pvalue
All adenoma
Age-adjusted 1.001 0.990 0.919 0.939 0.966 0.479
(0.734-1.365) (0.725-1353) (0.674-1.252) (0.877-1.063)
Multivariate-adjusted® 0.991 0.988 0.928 0.965 0.969 0.527
(0.725-1.354) (0.721-1.353) (0.679-1.269) (1.040-1.066)
Advanced adenoma
Age-adjusted 1.327 1.234 1.009 0.589 1.015 0.845
(0.814-2.163) (0.749—2.034) (0.605-1.683) (0.874-1.180)
Multivariate-adjusted® 1.300 1.231 1.015 0.650 1.016 0.840
(0.793—2.129) (0.744—2.039) (0.606-1.702) (0.873-1.183)
High-risk adenoma
Age-adjusted 1.437 1.320 1.174 0.448 1.056 0.449
(0.908-2.275) (0.826—2.112) (0.732-1.885) (0.918-1.214)
Multivariate-adjusted® 1.417 1.325 1.169 0.479 1.053 0.472

(0.892-2.252)

(0.826-2.120)

(0.726-1.884)

(0.914-1.213)

Values are presented as odd ratio (95% confidence interval).

*Adjusted for age, smoking, alcohol intake, body mass index, metabolic syndrome, regular use of aspirin, and family history of

colorectal cancer.

vated fasting plasma glucose, glucose intolerance, in-
creased BMI, and metabolic syndrome, are associated
with an increased risk for CRC [27,28]. Therefore, previ-
ous studies that showed a positive association between
height and CRC may, in fact, be showing a relationship
with body weight rather than height. Sadahiro et al. [25]
studied 920 Japanese patients who underwent barium
enemas and demonstrated that colon length tended to
increase with body dimensions in women, but was not
specifically correlated with the weight or height of the
subjects.

A few limitations of this study should be mentioned.
Because the range of height in a given population is usu-
ally narrow, large numbers of events are needed to reli-
ably eliminate risk. We included 1,347 cases, in which the
incidence of colorectal adenoma was 45.9%; hence, our
results may have limited statistical power to study the
height-colorectal adenoma risk.

In conclusion, no clear association was found between
colorectal adenoma and height in adults, as reported for
CRC. A larger scale prospective validation study is need-
ed to assess the association between colorectal tumor
and height.

658  www.kjim.org

KEY MESSAGE

1. The increased risk of cancer associated with
increased adult height has been reported for all
cancers as a whole and for several specific com-
mon cancers, including colorectal cancers.

2. However, evidence is limited for the associa-
tions between height and the risk of colorectal
adenoma, the precursors of almost all sporadic
colorectal cancers.

3. There is no clear association between colorectal
adenoma and height.
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