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Association Between Exposure to Environmental Tobacco
Smoke at the Workplace and Risk for Developing a
Colorectal Adenoma: A Cross-Sectional Study
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Health Promotion Center, Seohae Hospital, Seocheon; 'Health Promotion Center, Wonkwang University Sanbon Hospital, Wonkwang
University College of Medicine, Gunpo, Korea

Purpose: A colorectal adenoma (CRA) is a well-defined precursor to colorectal cancer (CRC). Additionally, smoking is a po-
tent risk factor for developing a CRA, as well as CRC. However, the association between exposure to environmental tobacco
smoke (ETS) and the risk for developing a CRA has not yet been fully evaluated in epidemiologic studies. We performed a
cross-sectional analysis on the association between exposure to ETS at the workplace and the risk for developing a CRA.
Methods: The study was conducted on subjects who had undergone a colonoscopy at a health promotion center from Jan-
uary 2012 to December 2012. After descriptive analyses, overall and subgroup analyses by smoking status were performed
by using a multivariate logistic regression.

Results: Among the 1,129 participants, 300 (26.6%) were diagnosed as having CRAs. Exposure to ETS was found to be as-
sociated with CRAs in all subjects (fully adjusted odds ratio [OR], 1.95; 95% confidence interval [CI], 1.08-2.44; P = 0.001).
In the subgroup analysis, exposure to ETS in former smokers increased the risk for developing a CRA (fully adjusted OR,
4.44;95% CI, 2.07-9.51; P < 0.001).

Conclusion: Exposure to occupational ETS at the workplace, independent of the other factors, was associated with in-
creased risk for developing a CRA in all subjects and in former smokers. Further retrospective studies with large sample

sizes may be necessary to clarify the causal effect of this relationship.
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INTRODUCTION

Colorectal neoplasms have become a worldwide concern [1].
Colorectal cancer (CRC) is one of the most common malignan-
cies in the developed world, such as North America [2] and Eu-
rope [3], and the incidence of CRC appears to be increasing in
East Asian countries, including Korea [4, 5]. Colorectal polyps,
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especially the adenomatous type, are reputed to be precancerous
lesions that might develop into CRC, i.e., an adenoma-carcinoma
sequence [6-8]. Furthermore, the removal and/or prevention of
these lesions was shown to be able to reduce the incidence of CRC
[9, 10].

Tobacco smoke contains approximately 4,000 toxic chemicals,
including oxidative gases, heavy metals, cyanide, and at least 50
carcinogens [11]. Environmental tobacco smoke (ETS), i.e., sec-
ondhand smoke or passive smoking, is defined as tobacco smoke
produced by an active smoker both from the exhalation of
smoked tobacco and from the burning end of the cigarette that is
inhaled by the other person [12]. Active smoking is one of the risk
factors for developing CRC. Previous studies have shown that it is
associated with colorectal adenomas (CRAs), which are premalig-
nant lesions of CRC [13-18]. However, few studies regarding ex-
posure to ETS (passive smoking) and the risk for developing CRC
have been performed [19, 20]. Furthermore, to the best of our
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knowledge through an extensive literature review, no study has
investigated the effect of exposure to ETS on the risk for develop-
ing a CRA. Therefore, the aim of the study was to evaluate the re-
lationship between exposure to ETS in the workplace and the risk
for developing a CRA.

METHODS

Study population

One thousand five hundred eighty-six (1,586) Koreans older than
20 years of age who had a first-time diagnosis of a CRA during
colonoscopy at the Health Promotion Center, Wonkwang Univer-
sity Hospital, Gunpo, South Korea, from January 2012 to Decem-
ber 2012 were eligible for this study, and their case files and were
reviewed for inclusion in this study. Among the initial 1,586 sub-
jects, 457 were excluded for the following reasons: (1) missing
data on the medical records; (2) incomplete colonoscopic exami-
nation due to inadequate bowel cleansing; (3) previous history of
malignancy or inflammatory bowel disease; (4) underlying dis-
eases such as diabetes mellitus, cardiovascular and cerebrovascu-
lar disease, chronic renal failure, and hepatobiliary diseases; (5)
presence of an obstructive lesion, such as CRC, in the large intes-
tine; (6) family history of CRC in first-degree relatives; and (7) use
of medications such as nonsteroidal anti-inflammatory drugs
(NSAIDs), aspirin, exogenous hormone replacement therapy
(HRT) in women, and vitamin D. As a result, a total of 1,129 sub-
jects were included for the final analyses. A flow diagram of the
analyses is shown in Fig. 1. This study was approved by the Insti-
tutional Review Board, Wonkwang University College of Medi-

| 1,586 Assessed for eligibility |

457 Excluded due to
e Missing data
o Met exclusion criteria

1,129 Derived 2 groups by presence of
colorectal adenoma

300 Adenoma group 829 Nonadenoma group

‘ Final analysis ‘

Fig. 1. Flow chart of the study design.
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cine, Gunpo, South Korea (7302-201422).

Data collection

The heights and body weights of participants were measured
while they were wearing light clothing without shoes. The body
mass index (BMI) was calculated as the weight divided by height
squared (kg/m’). Data on alcohol consumption, exercise, and cig-
arette smoking on all included subjects were collected by using a
self-administered questionnaire. The alcohol consumption of the
subjects was calculated and then converted to weekly alcohol con-
sumption (g/wk, grams of ethanol per week) by using the gradu-
ated frequency method [21]. Exercise was also calculated and
then converted to the metabolic equivalent of task hours per week
[22]. Smoking status was divided into three categories (never a
smoker vs. former smoker vs. current smoker). The detailed in-
formation regarding cigarette smoking habits was collected as fol-
lows: (1) cumulative smoking amount (<10 pack-year, 10 to <20
pack-year, 220 pack-year); (2) cigarettes smoked per day (<1
pack, =1 pack); (3) duration of smoking (<20 years, >20 years); (4)
duration since smoking cessation in ex-smoker (<10 years, 10 to
<20 years, 220 years); (5) time of daily exposure to ETS in the
workplace (never exposed, <1 hour, 21 hour) [23]. Overnight-
fasting blood samples were drawn from the antecubital area.
White blood cell (WBC) count, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), gamma-glutamyl transferase (y-
GT), total cholesterol, triglycerides (TGs), high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein cholesterol, and
glycated hemoglobin (HbA1c) were measured by using automatic
analyzers: K-4500 (TOA Medical Electronics, Kobe, Japan) for
WBC count; TBA-200FR (Toshiba Medical Systems Co. Ltd., To-
kyo, Japan) for AST, ALT, y-GT, and lipid panel; ADAMS HA-
8180 (Arkray Inc., Tokyo, Japan) for HbAlc.

All colorectal polyps detected during colonoscopy were con-
firmed by using a histopathological evaluation of the retrieved le-
sions. Subjects with an adenomatous polyp were classified accord-
ing to (1) number (single vs. multiple); (2) size [small (<1 cm) vs.
large (21 cm)]; (3) anatomical location (right-sided, left-sided,
both-sided); (4) histologic type (tubular, tubulovillous, villous).
Right-sided colon was defined as the cecum, and the ascending
and transverse colon; left-sided colon was defined as the descend-
ing and sigmoid colon, and the rectum. Cases with both right and
left CRAs were assigned as both-sided.

Statistical analysis

All continuous variables are expressed as means + standard devia-
tions whereas categorical variables are presented as numbers and
percentages. The characteristics of the study subjects were com-
pared by using the independent t-test for continuous variables
and the chi-square tests for categorical variables, as appropriate.
We conducted multivariable logistic regression analyses to exam-
ine whether exposure to ETS in the workplace was significantly
associated with the occurrence of a CRA. The odds ratios (ORs)
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with 95% confidential intervals (Cls) were estimated for ETS ex-
posures less than 1 hour and for ETS exposures greater than or
equal to 1 hour, with the category of never having been exposed
to ETS as the reference. For controlling confounders, adjusted
models were applied: model 1 (age/sex) and model 2 (model 1
plus BMI/alcohol consumption/physical activity/total smoking
amount/HbA1c¢/TG/HDL). We also performed subgroup analy-
ses according to smoking status. Tests for linear trends (P for
trend) were conducted by entering the categorical variable (ETS
exposure time) into the regression models as an ordinal term. All
statistical analyses were performed using SPSS ver. 17.0 (SPSS
Inc., Chicago, IL, USA). A P-value less than 0.05 was considered
statistically significant.

RESULTS

Baseline and adenoma characteristics of study subjects
Histopathologic analyses of the 1,129 subjects included 300 sub-
jects in the adenoma group and 829 in the nonadenoma group.
The baseline characteristics of all subjects and both groups are
summarized in Table 1. The subjects in the adenoma group were
older (P < 0.001), male-dominant (P < 0.001), and relatively over-
weight (P = 0.005) compared to those in the nonadenoma group.
Additionally, the subjects in the adenoma group consumed more
alcohol (P < 0.001). However, no significant differences in exer-
cise were noted between the 2 groups. With regard to laboratory
tests, serum levels of y-GT, TG, and HbAlc (P < 0.001, P < 0.001,
and P = 0.002, respectively) were higher and HDL-C (P = 0.001)
was lower in the adenoma group. However, the other variables on
laboratory tests were not significantly different between the two
groups. The study subjects who had a CRA showed the following
characteristics: number (single vs. multiple: 60.0% vs. 40.0%); size
(small vs. large: 85.0% vs. 15.0%); anatomical site (right-sided vs.
left-sided vs. both-sided: 39.3% vs. 41.7% vs. 19.0%); histologic
type (tubular vs. tubulovillous vs. villous: 92.0% vs. 7.0% vs. 1.0%)
(Table 2).

Smoking-related characteristics between the 2 groups

Of the total 1,129 subjects 472 (41.8%) had never smoker, 368
(32.6%) were former smokers, and 289 (25.6%) were current
smoker. Total smoking amount, cigarettes smoked per day, and
smoking duration in current smokers and former smokers were
10.1 + 12.6 pack-year, 0.48 + 0.50 cigarettes/day, and 20.0 + 9.1
years, respectively. The subjects not exposed to ETS in the work-
place were 580 (51.4%) and those exposed to ETS were 549
(48.6%). The subjects exposed to ETS in the workplace were sub-
divided into 2 categories: those exposed <1 hour (399 of 549,
72.7%) and those exposed =1 hour (150 of 549, 27.3%).

Table 3 shows a comparison of the smoking characteristics be-
tween the 2 groups (nonadenoma group vs. adenoma group).
When compared to the subjects with CRAs, the nonadenoma
group had a lower amount of cumulative smoking (16.0 + 10.8
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Table 1. Baseline characteristics between the two groups (nonade-
noma group vs. adenoma group)

Volume 32, Number 2, 2016

i Nonadenoma  Adenoma
Characteristic (ﬁllzs:bizcg) group group P-value?
’ (n = 829) (n =300)

Age (yr) 448 +9.3 43.8 +9.1 475+92 <0.001
Age group (yr) <0.001

<40 380 (33.7) 314(37.9) 66 (22.0)

41-50 467 (41.4) 327 (39.4) 140 (46.7)

51-60 217(19.2)  151(18.2) 66 (22.0)

>61 65 (5.8) 37 (4.5) 28 (9.3)
Sex <0.001

Male 801 (70.9) 555 (66.9) 246 (82.0)

Female 328(29.1)  274(33.1) 54 (18.0)
BMI (kg/m?) 241 + 3.1 24.0 +3.2 24.6 + 3.1 0.005
BMI group (kg/m? 0.169

<23 421 (37.3) 323(39.0) 98 (32.7)

23-25 287 (25.4) 206 (24.8) 81(27.0)

>25 421 (37.3) 300 (36.2) 121 (40.3)
Waist 81.1+93 80.4+94 829+89 <0.001

circumference

(cm)
Alcohol (g/wk) 111.2+£155.4 999 +137.6 142.7 +193.1 <0.001
Exercise 29.7£572 29.0+555 31.6+61.7 0.503

(MET hr/wk)
WBC (x10%/4L) 59+ 1.6 59+16 6.0+1.7 0.126
AST (IU/L) 288+195 281+194 306+19.8 0.054
ALT (UL) 295+291 286+304 31.8+250 0.109
y-GT (UL 444 +528  39.9+401 56.7 +76.4 <0.001
TC (mg/dL) 197.8 +32.7 196.9+324 2002 +33.6 0.135
TG (mg/dL) 123.3+994 1155+89.7 1449+ 119.7 <0.001
HDL-C (mg/dL) 534+137 542+138 51.2+132  0.001
LDL-C (mg/dL) 1237+305 1228+300 126.1+31.8 0.113
HbAc (%) 57+07 56+06 58+09 0.002

Values are presented as mean =+ standard deviation or number (%).

BMI, body mass index; MET, metabolic equivalent of task; WBC, white blood cell;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; y-GT, gamma-
glutamyl transferase; TC, total cholesterol; TG, triglyceride; HDL-C, high-density li-
poprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbAsc, glycated
hemoglobin.

P-values were calculated by using the independent t-test for continuous variables
and Pearson chi-square test for categorical variables.

pack-year vs. 20.5 + 13.9 pack-year, P < 0.001), a higher proportion
of those who had never smoked (45.1% vs. 32.7%, P = 0.001), and
shorter durations of smoking (18.8 + 8.8 years vs. 22.8 + 9.3 years,
P < 0.001) and exposure to ETS (46.9% vs. 53.5%, P = 0.002).
However, no significant differences in cigarettes smoked per day
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Table 2. Clinicopathologic characteristics of colorectal adenomas in
the adenoma group

Table 3. Comparison of smoking characteristics between the 2 groups

Variable Adenoma group (n = 300)
No. of CRA®
Single 180 (60.0)
Multiple 120 (40.0)
Size of CRA
Small 255 (85.0)
Large 45 (15.0)
Anatomical site of CRA®
Right-sided 125 (39.3)
Left-sided 118 (41.7)
Both-sided 57 (19.0)
Histologic type of CRA?
Tubular 276 (92.0)
Tubulovillous 21(7.0)
Villous 3(1.0)

Values are presented as number (%).

CRA, colorectal adenoma.

aSingle (one CRA) vs. multiple (more than one CRA). "Small (<1 cm) vs. large (>1
cm). ‘Right-sided (cecum, ascending, and transverse colon) vs. left-sided (de-
scending and sigmoid colon, and rectum) vs. both-sided (both right-sided and left-
sided CRASs). “Histologic types of all CRAs were confirmed by using histopathologic
evaluations and were classified as tubular vs. tubulovillous vs. villous.

(former and current smokers, P = 0.196) and in duration since
quitting smoking (former smoker, P = 0.781) were noted.

Relationship between ETS exposure and CRA in the subjects
Table 4 presents the relationship between exposure to ETS in the
workplace and the risk of developing a CRA overall and by subset
(smoking status). Exposure to ETS in the workplace for longer
than 1 hour was associated with a higher risk of developing a
CRA (OR, 1.95; 95% CI, 1.33-2.85; P = 0.001). The association
remained statistically significant even after the data had been fully
adjusted (OR, 1.62; 95% CI, 1.08-2.44; P = 0.021). The risk of de-
veloping an adenoma was significantly correlated with increased
duration of exposure to ETS (P for trend = 0.002 for the unad-
justed model, 0.011 for model 1, and 0.046 for model 2). We per-
formed subgroup analyses to evaluate whether the risk for devel-
oping a CRA associated with the duration of exposure to ETS
varied by smoking status. Among former smokers, the risk for
developing a CRA was significantly correlated with increased du-
ration of exposure to ETS (P for trend = 0.001 for the unadjusted
model, <0.001 for model 1, and <0.001 for model 2). After the
data had been fully adjusted (model 2), the former smokers with
daily exposures to ETS of longer than 1 hour had significantly
higher risks for developing a CRA than those who had never been
exposed to ETS (OR, 4.44; 95% CI, 2.07-9.51; P < 0.001). How-
ever, this difference was not observed between subjects who had
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Nonadenoma  Adenoma
Variable group group P-value?
(n=829) (n = 300)
Smoking status” <0.001
Never smoker 374 (45.1) 98 (32.7)
Former smoker 262 (31.6) 106 (35.3)
Current smoker 193 (23.3) 96 (32.0)
Total smoking amount (pack-yr)° 16.0+10.8 205+139 <0.001
Grading of total smoking 0.004
amount (pack-yr)°®
<10 155 (34.0) 57 (28.4)
10, <20 172 (37.7) 61 (30.3)
>20 129 (28.3) 83 (41.3)
Cigarettes (packs) per day smoked®  0.82 +0.39 0.85 +0.38 0.331
Grading of cigarettes per day 0.205
smoked (pack)®
<1 425(93.4) 183 (90.5)
>1 30 (6.6) 19 (9.5)
Duration of smoking (yr)° 188+88 228+9.2 <0.001
Grading of smoking duration (yr)° <0.001
<20 289 (63.5) 94 (46.5)
>20 166 (36.5) 108 (53.5)
Duration since quitting smoking (yr)* 0.781
<10 148 (56.5) 64 (60.4)
10, <20 83 (31.7) 30 (28.3)
>20 31(11.8) 12.(11.3)
Time of ETS exposure at work (hr)° 0.003
Never exposed 440 (53.1) 140 (46.7)
<1 296 (35.7) 103 (34.3
>1 93(11.2) 57 (19.0)

Values are presented as number (%) or mean + standard deviation.

ETS, environmental tobacco smoke.

P-values were calculated by using the independent t-test for continuous variables
and Pearson chi-square test for categorical variables. "Never plus former plus cur-
rent smoker. “Former plus current smoker. “Former smoker.

never smoked and those who were current smokers.

DISCUSSION

This study was designed to investigate the association between
exposure to occupational ETS and the risk for developing a CRA.
In order to minimize their influence on the analyses done in this
study, we used specific criteria to exclude subjects with known or
suspected risk factors affecting the incidence of and the detection
rate for a CRA, including family history, underlying disease, use
of a few medications, and quality of bowel preparation for colo-
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Table 4. Risk of colorectal adenomas according to smoking status
and daily time of exposure to occupational environmental tobacco

smoke
) ETS exposure time at workplace (hr/day)
Variable :
Unadjusted Model 1 Model 2

All subjects

0 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)

<1 1.10(0.82-1.48) 1.05(0.77-1.44) 1.04 (0.76-1.43)

>1 1.95(1.33-2.85) 1.81(1.22-2.70) 1.62 (1.08-2.44)

Never smoker

0 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)

<1 0.92 (0.55-1.51)  0.87 (0.50-1.51) 0.83 (0.47-1.46)

>1 0.60 (0.20-1.80) 0.55(0.18-1.69) 0.52 (0.17-1.60)
Former smoker

0 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)

<1 1.31(0.80-2.16) 1.42(0.84-2.38) 1.45(0.86-2.44)

>1 411 (1.99-8.49) 454 (2.14-9.63) 4.44(2.07-9.51)
Current smoker

0 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)

<1 0.91 (0.50-1.64) 1.04 (0.56-1.94) 1.00 (0.52-1.92)

>1 1.30 (0.72-2.36) 1.42 (0.76-2.65) 1.18 (0.61-2.29)

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

Odd ratios with 95% confidential intervals were calculated by using a multivari-
able logistic regression analysis.

Model 1, adjusted for age and sex; model 2, adjusted for model 1 plus body mass
index, exercise, alcohol, pack/yr smoked, glycated hemoglobin, triglyceride, and
high-density lipoprotein cholesterol; ETS, environmental tobacco smoke.

noscopy. Our study showed that the risk for developing a CRA
was associated with exposure to ETS in the workplace. Our results
also indicated that the duration of exposure to ETS had a signifi-
cant, positive relationship with the risk for developing a CRA, es-
pecially for former smokers.

Exposure to ETS, also known as secondhand or passive smoke,
is an involuntary exposure of subjects to tobacco smoke [24, 25].
ETS significantly contributes to morbidity and mortality in chil-
dren and adults. In 1993, the American EPA (environmental pro-
tection agency) report classified ETS as a Group A carcinogen, a
designation for sufficient evidence that the substance causes can-
cer in humans [26]. A CRA is known to be precursor lesion for
CRG; it can develop into CRC mostly through an adenoma-carci-
noma sequence. The results of the present study correspond with
the results of earlier studies that reported a significant positive
correlation between exposure to occupational ETS and the risk
for developing CRC [20, 27, 28]. Previously, Gerhardsson de Ver-
dier et al. [27] reported that occupational exposure to passive
smoke was associated with significantly increased risk for devel-
oping colon cancer. Slattery et al. [28], in a case-control study, also
demonstrated that exposure to ETS increased the risk for devel-
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oping CRC even after the data had been adjusted for confounding
factors, although the investigators focused only on the rectum.
Some studies, in contrast, showed that ETS exposure at home and
in the workplace had no effect on the risk for developing invasive
colorectal neoplasms [14, 19]. The discrepancies in these findings
may have stemmed from the limitations of the studies such as in-
adequate adjustment for confounding variables (e.g., adjustments
for only age and for the residual effect of active smoking by in-
cluding those who had always smoked), lack of consideration for
the recency of ETS exposure, and classification of the exposure as
a simple dichotomous variable (never vs. chronically exposed)
without considering the duration of exposure. However, some in-
conclusive evidence has suggested that exposure to ETS might in-
fluence the risk of for developing a CRA or CRC [14, 19, 20, 27-
29]. This observation was also in line with studies on the effects of
active smoking on the risk for developing a CRA. However, cau-
tion is required in extrapolating the results for the association be-
tween active smoking and the risk for developing a CRA or be-
tween exposure to ETS and the risk for developing CRC. Hence,
further large-scale studies directly focusing on the relationship
between exposure to ETS and the CRA risk are necessary to clar-
ify our study results.

We also investigated the effect of exposure to ETS among cur-
rent and former smokers, as well as those who had never smoked,
and found that the relationship between exposure to ETS and the
risk for developing a CRA was observed only in former smoker,
not in those who had never smoked and and not in current smok-
ers. The effect of exposure to ETS was present under the residual
effect of previous smoking, but not under the residual effect of
having never smoked. This phenomenon was inconsistent with
the findings of other studies that evaluated the relationship be-
tween passive smoking and the risk for developing cancer of the
pancreas [30] and the respiratory tract [31]. Moreover, our results
showed that the dose-response relationship between exposure to
ETS and the risk for developing a CRA was not present in current
smokers. This is plausible in that the effect of exposure to ETS
may be minimized by the overwhelming effect of current active-
smoking.

Our data indicate the effect of exposure to ETS in the workplace
on the risk for developing colorectal adenomatous polyps. Expo-
sure to ETS is a serious public health issue because it has diverse
adverse health effects, including malignancy (lung, pancreas,
breast) [30-33], cardiovascular disease [34], osteoporosis [23], and
exacerbation of asthma [35]. Exposure to ETS at work is increas-
ingly becoming a more important public health issue than expo-
sure to ETS at home because exposure to ETS in the workplace
can be restricted by legislation. In reality, many investigators have
already reported a decline in the incidence of ETS-related diseases
upon implementation of legislation requiring public places to be
smoke free [36]. The findings of the present study indicate yet an-
other detrimental effect of exposure to ETS in the workplace,
which could serve as additional scientific support for smoke-free
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legislation and policies.

The results of our investigation were supported by various
mechanisms for the relationship between cigarette smoking, de-
veloping a CRA and developing CRC. Firstly, cigarette smoking
leads to CRCs through genetic changes. The adenomatous polyp-
osis coli (APC), one of the tumor suppressor genes, has a gate-
keeper function in the colonic mucosa [37]. Mutations to the
APC tumor suppressor gene constitute an important initiating
factor in the early stages of the adenoma-carcinoma sequence.
Secondly, tobacco smoking is related to colorectal carcinogenesis,
which is affected by the carcinogens formed during the burning
of tobacco, including polynuclear aromatic hydrocarbons, nitro-
samines, and aromatic amines [38]. Nicotine and its metabolite,
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), are the
most characteristic components of tobacco for smoking-related
malignancies. Nicotine and NNK have been shown to induce
CRC growth and even to enhance the migration of cancer cells
[37]. These mechanisms could be applied to the formation of a
CRA due to exposure to ETS. Although the concentrations of car-
cinogens from exposure to ETS are relatively low when compared
with those from active smoking, prolonged exposure may lead to
a considerable accumulation of carcinogens. Additionally, we
should not overlook the role of exposure to ETS because several
carcinogens are present at higher levels in side-stream stroke than
in main-stream smoke [39].

The current study has several limitations. Firstly, we were unable
to do analyses based on different measures of exposure to passive
smoking. We did not have sufficient information on the duration
of exposure, the types of cigarettes smoked, and the places of expo-
sure. Moreover, the result of this study may be due to exposure
misclassification because individual exposure to ETS is influenced
by many factors, such as space volume, ventilation, and actual time
spent in tobacco smoke, that are difficult to measure accurately.
Secondly, the use of self-reported questionnaires rather than per-
sonal interviews may have affected the reliability of the data. How-
ever, random re-evaluation of questionnaire responses by physi-
cians at later consultation sessions alleviated the error in the data
collection processes. Thirdly, lack of information on other con-
founding variables (dietary intake of fruits, vegetables, and meats)
related to the risk for developing a CRA was another limitation in
this study. Lastly, this study was conducted at one center, and the
study population consisted of only ethnic Asians, which may have
caused selection bias. Therefore, future studies will be necessary to
determine whether the results of this study can be replicated in
other racial populations. Despite these limitations, our study had
the strength of being one of the first studies to investigate the rela-
tionship between exposure to ETS in the workplace and the risk
for developing a CRA. Additionally, we confined the study subjects
to those with a first-time diagnosis of a CRA. Thus, our study did
not include those who previously had had a CRA removed and
had undergone a procedure such as a polypectomy and/or cold bi-
opsy and/or endoscopic submucosal dissection. Additionally, we
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accounted for other potential confounding factors that might af-
fect the risk for developing a CRA (e.g., use of NSAIDs and aspi-
rin, HRT for females, and vitamin D intake).

In conclusion, occupational exposure to ETS was found to be
associated with an increased risk for developing a CRA, especially
in former smokers. Thus, a more intensive surveillance of colorec-
tal adenomatous polyps and neoplasms, for example, by using
colonoscopy or barium study of the large intestine, should be em-
phasized in this population of individuals. Additionally, our in-
vestigation supports the benefits of smoke-free laws to diminish
exposure to ETS in the workplace. For clarification of the causal
relationship between exposure to ETS in the workplace and the
risk for developing a CRA, further large-sample-size retrospective
studies that consider the intensity and the duration of exposure to
ETS in the workplace, as well as the effect of exposure to ETS at
locations other than workplace, are required.
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