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Abstract 

Background: The International Agency for Research on Cancer (IARC) classified diesel exhaust as carcinogenic to 
humans (Group 1) and gasol ine exhaust as a possible carcinogen (Group 2B) based studies of lung cancer, however 
the evidence for other sites is limited. We addressed this question by investigating exposure to diesel and gasoline 
emissions with respect to risk of colorecta l cancer in men. 

Methods: We used data from a population-based case-control study with incident cases of colon (n = 931) and 
recta l (n = 840) cancer and 1360 controls from 7 Canadian provinces conducted in 1994-1997. Lifetime occupational 
history and information on other risk factors was collected. Occupational hygienists, blinded to case-control status, 
assigned exposures to each job for 3 dimensions: concentration, frequency, and reliabi lity. Logistic regression 
was used to estimate odds ratios (OR) and their 95 % confidence intervals (Cl), adjusted for age, province, use 
of proxy respondents, smoking, body-mass index, physical activity, intake of alcohol, processed meats, and 
occupational exposure to asbestos and aromatic amines. 

Results: Among CRC cases, 638 (36 %) were exposed to diesel and 814 (46 %) were exposed to gasoli ne 
emissions. Relative to the unexposed, elevated risks were observed among subjects ever exposed to high 
concentration levels of diesel emissions for colorecta l cancer (OR= 1.65, 95 % Cl = 0.98-2.80) and recta l cancer 
(OR= 1.98, 95 % Cl= 1.09-3.60), but not colon cancer. Pro longed (> 10 years) exposure at high concentrations 
was also associated w ith high risks of recta l cancer (OR= 2.33 95 % Cl= 0.94-5.78; p-trend = 0.02). No 
statistically significant associations were observed for gasoline emissions. 

Conclusions: Our find ings suggest that sustained high-leve l exposure diesel emissions may increase the risk 
of recta l cancer. 

Keywords: Diesel em issions, Gasoline emiss ions, Colon cancer, Rectal cancer, Colorecta l cancer, Occupational 
cancer, Case-contro l study 

Background 
Motor vehicle exhaust em1ss1ons are ubiquitous, with 
exposure occurring through indoor and outdoor air, as 
well as in many occupational settings. An estimated 
781,000 workers (92% of employed males), or 4.6 % of 
the working Canadian population, are exposed to diesel 
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engine exhaust [l, 2]. The two largest exposed occupa­
tional groups are truck drivers and heavy equipment op­
erators [l, 2]. Diesel and gasoline are the most widely 
used fuels in combustion engines, and their emissions 
are comprised of a complex mixture of chemicals, in­
cluding polycyclic aromatic hydrocarbons (PAHs) and 
nitroarenes, carbon monoxide, and volatile organic com­
pounds, such as benzene and formaldehyde [3, 4]. 
While similar particles are emitted from both gasoline 
and diesel powered engines, the distribution and surface 
properties of the particles are different, which suggests 
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potential differences in the health effects associated 
with these exposures [5]. 

The International Agency for Research on Cancer 
(IARC) recently classified diesel exhaust as carcinogenic 
to humans (Group 1), based on studies of lung cancer, 
an update from the 1988 classification of probably car­
cinogenic to humans (Group 2A) [3]. However, the evi­
dence for other cancers remains limited. Gasoline was 
classified as a possible human carcinogen (Group 28) by 
IARC in 1989 and again in 2012, based on inadequate 
evidence in humans and sufficient evidence in experi­
mental animals [3]. Although in most developed coun­
tries exposures to gasoline emissions have surpassed 
those from diesel, few studies have examined its effects 
on cancer risk, especially for sites other than the lung. 

Colorectal cancer (CRC), affecting the colon and/or 
the rectal areas, is a major contributor to the worldwide 
cancer burden [6]. CRC has been linked to several modi­
fiable risk factors including obesity, physical inactivity, 
consumption of red and processed meat and smoking 
[7- 9] . In addition to physical activity, a potential role for 
other occupational risk factors has been suggested [10, 11]. 
To date, few studies have investigated the relationship 
between exposure to diesel and gasoline emissions and 
CRC risk, but they did report modest positive associations 
(12-14]. Howeve1; only two case-control studies used a 
systematic and validated approach to exposure assessment 
[12, 13], and many of these studies lacked detailed infor­
mation on several major lifestyle-related CRC risk factors, 
such as body-mass index (BMI), diet and physical activity. 

Currently, the overall evidence linking diesel and gasoline 
emissions to CRC is considered to be weak [3]. Further 
investigating the carcinogenic potential of these prevalent 
exposures has been identified as a high priority by IARC 
[15]. To our knowledge, this is the largest population­
based case-control study of the effects of diesel and 
gasoline emissions on the risk of colon and rectal cancer, 
with a comprehensive exposure assessment strategy, along 
with detailed information on important confounders. 
This work addresses an important gap in our under­
standing of the extensive health effects of exposure to 
diesel and gasoline emissions, and has implications 
for preventive efforts. 

Methods 
Study population 
The data used in this analysis are from the colon and 
rectal cancer case- control components of the Canadian 
National Enhanced Cancer Surveillance System (NECSS), 
a collaborative effort between Health Canada and the 
cancer registries in 8 Canadian provinces. The NECSS 
collected data from a population-based sample of 21022 
cases of 19 different cancers and 5039 controls between 
1994 and 1997. Data for rectal and colon cases were not 
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collected in Ontario, therefore this analysis is based on 
male participants from 7 provinces. Cancer-free controls 
were recruited using a random sample of the provincial 
population obtained from health insurance plans in 5 
provinces (Prince Edward Island, Nova Scotia, Manitoba, 
Saskatchewan and British Columbia) and random-digit 
dialing in Newfoundland and Alberta [16]. Frequency­
matching to the overall case grouping (19 cancer sites) 
was used to select controls for every case within each sex 
and 5-year age group for any cancer site. 

Of the total cases ascertained, physician consent was 
obtained for 89 % of rectal (n = 1169) and 85 % (n = 

1375) colon cases. Deceased cases were excluded (76 
rectal; 138 colon), as well as patients whose physician re­
fused consent (71 rectal; 98 colon). The NECSS collected 
detailed information for a number of modifiable cancer 
risk factors, including: sociodemographic characteristics, 
anthropometry, diet, smoking, alcohol use, exposure to 
environmental tobacco smoke, and physical activity. 
Individuals were also asked to provide details on their 
lifetime residential and occupational history. Information 
on diet from 2 years prior to the interview was collected 
using a modified 60-item food-frequency diet question­
naire based on instruments that have been extensively vali­
dated (17, 18]. Completed questionnaire were returned by 
830 rectal and 959 male colon cases, representing 71 and 
70 % of those contacted, respectively. Questionnaires were 
mailed to 4270 men who were identified as eligible con­
trols. Approximately 7 % (n = 287) were returned due to an 
incorrect address. Completed questionnaires were received 
from 2547 male controls, representing 59.6 % of those 
ascertained and 64.0 % of those contacted. 

The study sample was restricted to men because we 
expected few women to be occupationally exposed to 
diesel and gasoline emissions during the relevant expos­
ure periods (between the 1960s-1990s). We excluded 
individuals under the age of 40, and those who had not 
worked for at least one year, since individuals with shorter 
employment histories would have had fewer opportunities 
for exposure, and their CRC diagnoses would be more 
likely attributable to genetic conditions, such as familial ad­
enomatous polyposis and hereditary non-polyposis colorec­
tal cancer, which confer lifetime risks as high as 70-80 % 
[19, 20], with a mid-40s average age at diagnosis (21]. In 
the NECSS, 2.9 % (n = 28) of incident colon cancer and 
2.1 % (n = 18) rectal cancer cases were diagnosed before 
the age of 40; the corresponding number of controls 
excluded to meet the age requirement was 282. After 
applying the exclusion criteria there remained a total of 
931 colon and 840 rectal cancer cases, and 1360 controls. 

Assignment of occupational exposures 
Participants were asked to provide information for each 
job held, in Canada, for at least 12 months from the time 
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they were 18 years old to the time of the interview. The 
information for each occupation included the job title, 
main tasks performed, type of industry, location, and 
period of employment. Using these job descriptions, a 
team of chemists and industrial hygienists, who were 
blinded to case or control status, carried out a comprehen­
sive exposure assessment and determined the exposure 
status of each job with respect to diesel emissions, gasoline 
emissions, aromatic amines, asbestos and crystalline silica. 

As in our previously published studies of lung cancer 
[22-24], the occupation and industry coding was reviewed 
and upgraded to the more precise 7-digit Canadian 
Classification and Dictionary of Occupation (CCDO) 
codes [25] which were used in the subsequent steps of the 
exposure assessment. A total of 16,009 jobs contained suffi­
cient occupational information for the exposure assess­
ment. Exposure metrics were not assigned to jobs with 
insufficient information (n = 199), including those missing 
full-time, seasonal or part-time employment status (n = 74). 
In addition, jobs were not coded for diesel or gasoline 
emissions exposure if they were self-reported as retire­
ment (n = 87), student (n = 35), disability (n = 5), institu­
tionalized (n = 1), and unemployed (n = 10). 

The occupational exposure assessment was based on 
the expert-approach, where a team of industrial hygien­
ists assigned individual exposures based on details pro­
vided for each job [26]. This approach is considered to 
be reliable and recognized as the reference method for 
such a study design [27]. It has been described in detail 
elsewhere [28], and has been successfully applied to 
other case-control studies [28, 29] and previously pub­
lished analyses of NECSS data [22-24]. When assigning 
exposures, hygienists had access to previous NECSS 
expert-based codings, summarized as a job exposure 
matrix, which they could modify to reflect circumstances 
specific to each job description. Exposure coding was re­
peated for a random subset of 96 participants with 385 
jobs to estimate the reliability of the exposure coding. 
Our analysis of this subset suggests excellent inter-rater 
agreement between exposure coders (weighted kappa = 
0.81, 95 % CI: 0.78-0.85; manuscript in preparation). 

The assignment of exposure to diesel and gasoline 
emissions was carried out across three dimensions: con­
centration, frequency, and reliability. Each of these vari­
ables was defined using a semi-quantitative scale: none 
(unexposed), low, medium, or high. Non-exposure was 
defined as exposure up to background levels found in 
the general environment. The frequency of exposure was 
determined based on the proportion of time in a typical 
workweek that the participant was exposed to a substance. 
Low frequency of exposure corresponded to <5 %, 
5 %- 30 % was classified as medium, and high fre­
quency was defined as >30 % of work time. This metric 
also accounted for pa1t-time or seasonal employment 
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Concentration was assessed on a relative scale with 
respect to established benchmarks. Low concentration 
was assigned to subjects with the lowest possible concen­
tration that could still be considered above the background 
level of the general population. The same exposure assess­
ment approach was also applied to a number of other 
exposures of interest and potential confounders, including 
crystalline silica, asbestos and aromatic amines. 

The reliability metric was used to measure the confi­
dence that the exposure was actually present in the job 
that was evaluated. Low reliability refers to "possible" ex­
posure, medium reliability was interpreted as "probable" 
exposure, and high reliability corresponded to "definite" 
exposure. In order to reduce the potential for exposure 
misclassification, all exposure metrics that used in this 
analysis classified estimates with a low reliability score 
corresponding to "possible" exposure (n = 613, 30.4 % 
for diesel and n = 342, 19.7 % for gasoline) as unexposed. 

Exposure to diesel and gasoline emissions 
The effects of occupational exposure to diesel and 
gasoline emissions were modeled using 5 exposure met­
rics: ever exposure, highest attained exposure concentra­
tion, duration of exposure, frequency of exposure, and 
cumulative exposure. Ever exposure was modeled as a 
binary variable indicating that an individual had worked 
in a job that was classified as exposed across any of the 
dimensions evaluated in the exposure assessment. The 
highest attained exposure concentration corresponded 
to the maximum concentration value assigned to jobs 
with an individual's employment history. Duration of 
exposure corresponded to years of employment in occu­
pations classified as exposed. Duration was modeled 
continuously, as well as using ordinal categories based 
on tertiles of exposure duration among the controls. 
Each set of cut-points was determined separately for 
diesel and gasoline emissions. 

The cumulative measure of diesel and gasoline exposure 
was defined as: 

k 

CE= LC;F;D; 
i=l 

where CE was the cumulative exposure, i represented the 
/h job held, k was the total number of jobs held, C was the 
concentration of diesel or gasoline exposure (low, medium, 
high), F was the frequency of exposure (low, medium, 
high), and D was the duration of employment in years. 

Statistical analysis 
Odds ratios (OR) and 95 % confidence intervals (CI) 
were estimated using unconditional logistic regression 
for each of the exposure metrics. Trends were also 
examined using logistic regression. Ordinal metrics of 
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diesel and gasoline exposure were treated as continuous 
in the regression model in order to obtain an estimate of 
the slope and associated p-values (p-trend). Descriptive 
analyses were conducted and the influence of possible 
risk factors suggested by the literature and by previous 
analyses of NECSS data was investigated. These included 
the characteristics presented in Table l, as well as 
additional nutritional factors, including consumption of 
red meat and intake of added fat. Exposure metrics for 
diesel and gasoline emissions were entered into the 
statistical models together in order to account for the 
simultaneous exposure to both of these constituents of 
motor vehicle exhaust. Additional occupational con­
founders and potential co-exposures included asbestos 
and aromatic amines, which were entered into the 
models as dichotomous variables. 

Adjustments were also made for age at cancer diagnosis 
or interview, province of residence, use of proxy respon­
dents; BMI categories (<18.5 (underweight), 18.5 to <25.0 
(normal), 25.0 to <30.0 (overweight), and <::30 (obese)); 
percent (%) change from maximum lifetime BMI; cigarette 
pack-years (number of years smoking on average 20 
cigarettes per day); consumption of processed meat; and 
physical activity. In order to comprehensively adjust for 
different types of physical activity, a composite index 
was created, which included hours per month of moderate 
and strenuous activity (30, 31]. Results for minimally ad­
justed models with age, province of residence, and use of 
proxy respondents as the only covariates are provided 
as Additional file 1: Table Sl, Additional file 2: Table S2, 
Additional file 3: Table S3, Additional file 4: Table S4. 

All analyses were conducted using SAS version 9.4 
(Cary, N.C). 

The participating cancer registries obtained approval 
of the NECSS study protocol from their respective ethics 
review boards. The study was also approved by Research 
Ethics Boards at Health Canada and the University of 
Toronto. 

Results 
A summary of socio-demographic and occupational 
characteristics is presented in Table 1. Compared to con­
trols, CRC cases were older and more likely to require 
the use of proxy respondents. A statistically significant 
association emerged between increasing BMI and CRC 
risk. Consistent with previous studies, increased con­
sumption of processed meat was positively associated 
with CRC (p < 0.05). However, there was no association 
with consumption of fruits and vegetables, or physical ac­
tivity. Among the additional occupational agents that were 
evaluated, ever exposure to aromatic amines (OR= 1.73, 95 
% CI= 0.84-3.45), asbestos (OR = 1.43, 95 % CI = 1.15-
1.78), and crystalline silica (OR= 1.09, 95 % CI= 0.93-
1.28) were associated with increased risk of CRC. 
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A total of 638 (36.0) CRC cases and 491 (36.l %) 
controls were exposed to diesel emissions at some point 
during their occupational history (Table 2). Exposure to 
gasoline emissions was more prevalent than diesel emis­
sions, with 814 (46.0) cases and 577 (57.6 %) controls 
exposed (Table 3). Ever exposure to either diesel (OR= 
0.88, 95 % CI= 0.74-1.06) or gasoline (OR= 1.10, 95 % 
CI= 0.93-1.31) was not associated with statistically sig­
nificant increases in the odds of CRC. Similar results 
were observed when colon and rectal cancers were 
considered separately (Tables 4 and 5). 

A positive association with CRC was observed for 
individuals who had been exposed to diesel emissions at 
high levels of concentration compared to unexposed indi­
viduals (OR= 1.65, 95 % CI= 0.98-2.80; p-trend = 0.78). 
Examining colon and rectal cancer separately (Table 4) re­
vealed that the highest attained concentration of diesel 
emissions was more strongly associated with rectal 
(OR = 1.98, 95 % CI = 1.09-3.60; p-trend = 0.56) than colon 
cancer (OR= 1.35, 95 % Cl= 0.72-2.54; p-trend = 0.91). 
The tests for trend did not reach statistical significance, 
which suggests that the increase in rectal cancer risk is not 
linear, and appears to sharply rise only for exposure to high 
concentrations of diesel emissions. 

Duration of exposure to diesel emissions did not ap­
pear to be statistically significantly associated with any 
cancer. However, statistically significant positive trends 
in cancer risk where revealed when analyses were re­
stricted duration of exposure at high concentrations 
only. Compared to the unexposed, men with > 10 years 
of diesel exposure at high concentrations had an ele­
vated risk of colorectal (OR= 1.90, 95 % CI= 0.85-4.23; 
p-trend = 0.02) and rectal cancer (OR= 2.33, 95 % CI= 
0.94-5.78; p-trend = 0.02) compared to the unexposed. 

Exposure to gasoline emissions was not associated 
with a marked increase in the risk of CRC, colon or rec­
tal cancers for any of the metrics tested. Notably, cumu­
lative exposure to either diesel or gasoline emissions was 
not associated with an appreciable increase in the odds 
of CRC, colon, or rectal cancer. 

Discussion 
Exposure to diesel and gasoline emissions is widespread, 
and accurately assessing its impact on multiple health 
outcomes continues to be a public health priority. In this 
study, our aim was to conduct a comprehensive investi­
gation of occupational exposure to diesel and gasoline 
emissions on colon and rectal cancer risk, using data 
from a large population-based case-control study. Des­
pite the robust associations previously observed for lung 
cancer in these data (22] and other studies, the increases 
in colon and rectal cancer risk appeared to be attenu­
ated. Statistically significant excesses in rectal cancer risk 
were observed for exposure to diesel emissions at high 
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Table 1 Selected demographic characteristics of incident colon and rectal cancer cases and contro ls in the Canadian National 
Enhanced Cancer Surveillance System 1994-97 

Age groups (years) 

40 to <50 

50 to <60 

60 to <70 

70$ 

Province of residence 

Newfoundland 

Prince Edward Island 

Nova Scotia 

Manitoba 

Saskatchewan 

Alberta 

British Columbia 

Use of proxy respondents 

None (self) 

Other 

Education (total years) 

<9 

9 to 11 

12 to 14 

14$ 

BMI (kg/m2
) 

Normal: 18.5 to <25 

Underweight: <18.5 

Overweight: 25 to <30 

Obese: 30$ 

Colon (n=931) 

N (%) 

67 

174 

445 

244 

42 

20 

77 

97 

90 

283 

322 

579 

352 

219 

295 

241 

176 

251 

14 

464 

202 

(72) 

(18.7) 

(47.9) 

(26.2) 

(4.5) 

(22) 

(8.3) 

(10.4) 

(97) 

(30.4) 

(34.6) 

(622) 

(37.8) 

(23.5) 

(31.7) 

(259) 

(189) 

(27.0) 

(1.5) 

(499) 

(2 1.7) 

Percent change (%) from maximum lifetime weight in kg 

Ql <2.4 

Q2 2.4 to <4.9 

Q3: 4.9 to <8.8 

Q4: 8.8 $ 

Cigarette pack-years 

Never smokers 

<10 

10 to <20 

20 to <30 

30 to <40 

40 to <50 

so to <60 

60$ 

287 

226 

222 

196 

178 

145 

173 

155 

107 

101 

25 

35 

Quartiles of alcohol intake (servings/week) 

None 259 

(308) 

(24.3) 

(239) 

(2 1.1 ) 

(19.4) 

(15.8) 

(18.8) 

(16.9) 

(11.6) 

(11.0) 

(27) 

(3.8) 

(27.8) 

Rectum (n = 840) 

N (%) 

79 

179 

380 

202 

46 

17 

71 

85 

108 

184 

329 

485 

355 

189 

273 

233 

145 

254 

6 

418 

162 

233 

202 

202 

203 

161 

153 

136 

143 

104 

79 

16 

33 

227 

(9.4) 

(21.3) 

(45.2) 

(241) 

(5.5) 

(20) 

(8.5) 

(10 1) 

(129) 

(21.9) 

(392) 

(577) 

(42.3) 

(22.5) 

(32.5) 

(277) 

(17.3) 

(302) 

(07) 

(498) 

(19.3) 

(277) 

(241) 

(24.1) 

(242) 

(19.5) 

(18.6) 

(16.5) 

(173) 

(126) 

(96) 

(1.9) 

(4.0) 

(270) 

Controls (n = 1360) 

N (%) 

137 

239 

581 

403 

105 

63 

307 

126 

120 

265 

374 

903 

457 

308 

395 

350 

307 

490 

20 

641 

209 

280 

359 

336 

385 

302 

223 

233 

214 

147 

108 

53 

56 

451 

(10.1) 

(17.6) 

(45.7) 

(296) 

(7.7) 

(46) 

(22.6) 

(9.3) 

(88) 

(19.5) 

(27.5) 

(664) 

(33.6) 

(22.7) 

(290) 

(25.7) 

(226) 

(36.0) 

(1.5) 

(47.1) 

(15.4) 

(206) 

(26.4) 

(24.7) 

(28.3) 

(226) 

(167) 

(17.4) 

(16.0) 

(11.0) 

(81) 

(4.0) 

(42) 

(332) 

ORa 

1.00 

1.35 

1.00 

0.99 

0.80 

0.61 

1.00 

0.99 

1.44 

1.89 

1.00 

0.60 

0.68 

0.56 

1.00 

1.19 

1.19 

1.38 

1.43 

1.61 

0.86 

1.29 

1.00 

95 % Cl 

(1.1 6, 

(0.81, 

(064, 

(0.48, 

(0.52, 

(1.22, 

(1.52, 

(0.49, 

(0.55, 

(0.46, 

(0.94, 

(0.94, 

(1.08, 

(1.09, 

(1.20, 

(0.55, 

(0.86, 

1.57) 

1.21) 

1.00) 

0.77) 

1.91) 

1.70) 

2.35) 

0.74) 

0.83) 

069) 

1.52) 

1.50) 

1.75) 

1.88) 

2.17) 

1.36) 

1.94) 
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Table 1 Selected demographic characteristics of incident colon and rectal cancer cases and controls in the Canadian National 
Enhanced Cancer Surveillance System 1994-97 (Continued) 

QI· $2.0 

Q2: >2.0 to $6 

03: >6 to $ 14.5 

Q4: > 14.5 

168 

157 

186 

161 

(18 1) 

(16.9) 

(200) 

(17.3) 

Quartiles of processed meat intake (servings/week) 

QI: $ 1.4 

Q2: > 1.4 to $3.S 

Q3: >3.5 to $6.5 

Q4:>6.5 

216 

224 

245 

246 

(23.2) 

(241) 

(26.3) 

(26.4) 

Quartiles of total vegetable intake (servings/week) 

QI· $12.5 

Q2: >12.5 to $ 18.4 

Q3: > 18.4 to $ 25.0 

04: >25.0 

225 

247 

227 

232 

Quartil es of total fruit intake (servings/week) 

QI $4.4 

02: >4.4 to $ 8.9 

Q3: >89 to $ 14 

Q4: >14 

229 

236 

239 

227 

(24.2) 

(26.5) 

(24.4) 

(24.9) 

(246) 

(25.4) 

(26.7) 

(24.4) 

Quartiles of moderate physical adivity (hours/month) 

Ql: $3.8 

Q2: >3.8 to $12.2 

Q3: > 12.2 to $25.3 

04: >25.3 

222 

240 

244 

225 

(23.9) 

(25.8) 

(26.2) 

(242) 

Quartil es of strenuous physical activity (hours/month) 

QI: 0 

02: >0 to $1.2 

Q3: > 1 .2 to 9.3 

Q4: >7.3 

460 

151 

167 

153 

(49.4) 

(16.2) 

(179) 

(16.4) 

145 

131 

152 

185 

192 

232 

212 

204 

217 

204 

215 

204 

211 

208 

218 

203 

204 

206 

196 

234 

397 

151 

136 

156 

Composite index of strenuous and moderate physical adivitl (quartiles) 

Ql ·Least active 

Q2 

Q3 

04: Most active 

203 

257 

221 

250 

Ever exposed to aromatic amines 

No 

Yes 

Ever exposed to asbestos 

No 

Yes 

Ever exposed to crystalline silica 

No 

Yes 

914 

17 

781 

150 

597 

334 

(21.8) 

(27.6) 

(23.7) 

(26.9) 

(982) 

(1 8) 

(839) 

(1 61) 

(35.8) 

(641) 

' OR estimated for colon and rectal cancers combined 

186 

217 

190 

247 

830 

10 

719 

121 

293 

547 

(17.3) 

(15.6) 

(18.1) 

(220) 

(229) 

(27.7) 

(25.2) 

(24.3) 

(258) 

(24.3) 

(25.6) 

(24.3) 

(25. 1) 

(248) 

(260) 

(24.2) 

(24.3) 

(24.5) 

(233) 

(279) 

(47.3) 

(180) 

(16.2) 

(186) 

(221) 

(25.8) 

(226) 

(29.4) 

(988) 

(1.2) 

(856) 

(14.4) 

(349) 

(651) 

253 

247 

216 

193 

427 

368 

267 

298 

343 

338 

336 

343 

347 

345 

341 

327 

355 

339 

343 

323 

673 

221 

230 

236 

340 

340 

340 

340 

1348 

12 

1209 

151 

929 

431 

(18.6) 

(182) 

(15.8) 

(142) 

(31.4) 

(27.1) 

(19.6) 

(2 1.9) 

(25.2) 

(249) 

(24.7) 

(252) 

(25.5) 

(25.4) 

(25.1) 

(240) 

(261) 

(249) 

(25.2) 

(23.8) 

(49.5) 

(16.3) 

(169) 

(17.4) 

(250) 

(250) 

(250) 

(250) 

(99.1) 

(0.9) 

(88.9) 

(11.1) 

(68.3) 

(31.7) 

bComposite index of physical activity was derived y summing the hours/month of moderate and strenuous activity 

1.04 

1.03 

1.29 

1.50 

1.00 

1.32 

1.81 

1.49 

1.00 

1.05 

1.01 

1.03 

1.00 

0.99 

1.01 

0.99 

1.00 

1.00 

0.95 

1.05 

1.00 

0.97 

0.96 

0.89 

1.00 

1.10 

0.94 

1.09 

1.00 

1.71 

1.00 

1.43 

1.00 

109 

(0.84, 

(0.82, 

(1.03, 

(l. 19, 

(1.08, 

(1.46, 

(1.21, 

(0.86, 

(0.83, 

(0.83, 

(080, 

(0.82, 

(0.80, 

(0.81, 

(0.77, 

(0.85, 

(0.79, 

(0.78, 

(0.72, 

(089, 

(0.76, 

(088, 

(084, 

(1.15, 

(093, 

1.29) 

1.28) 

1.61) 

187) 

1.61) 

2.23) 

1.83) 

129) 

1.25) 

1.26) 

1.21) 

124) 

1.22) 

1.23) 

1.17) 

1.29) 

1.20) 

118) 

1.10) 

1.35) 

1.16) 

1.34) 

3.45) 

1.78) 

1.28) 
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Table 2 Adjusted odds rat ios (OR) and correspond ing 95 % 
confidence interva ls (Cl) for co lorectal cancer in relat ion to 

occupational exposure to d iese l emissions 

Exposure Metric• 

Ever exposed 

No 

Yes 

Cases(%) Controls (%) ORb (95 % Cl) 

1133 (64.0) 869 (639) 1 00 

638 (36.0) 491 (36.1) 0.88 (0.7 4, 1.06) 

Highest attained exposure concentration 

Unexposed 

Low 

Medium 

High 

p-trend 

11 33 (64 0) 869 (63.9) 1.00 

450 (254) 

136 (77) 

52 (2 .9) 

377 (277) 

89 (65) 

25 (1.8) 

0.79 (0 65, 0.96) 

1 .00 (0.73, 1.36) 

1.65 (0.98, 2.80) 

0.78 

Duration of exposure (years) 

Unexposed 

> o to < 11 

2: 11 to S31 

> 31 

p-trend 

1133 (64.5) 869 (644) 1.00 

208 (11.9) 157 (1 1.6) 0.90 (0.70, 1.16) 

220 (125) 166 (12.3) 0.91 (0.71 , 1.18) 

195 (11.1) 157 (11.6) 0.80 (0.60, 1.08) 

0. 11 

Duration of exposure at high concentration (years) 

Unexposed 

>0 to S lO 

> 10 

p-trend 

1719 (97.2) 

29 (1.6) 

21 (1.2) 

Frequency of exposure 

Unexposed 1191 

Low: 5 % 76 

Mediu m 6-30 % 35 1 

High: >30 % 113 

p-t rend 

(68.8) 

(44) 

(20.3) 

(6.5) 

Cumulative occupat ional exposurec 

1335 (98.2) 

13 (1 0) 

11 (0.8) 

910 

60 

229 

81 

(71 1) 

(4.7) 

(17.9) 

(6.3) 

1.00 

1.60 (0.80, 3.21) 

1.90 (0.85, 4.23) 

0.04 

1.00 

1.21 (0.80, 1.82) 

1.1 0 (0 88, 1.38) 

1.06 (0.76, 148) 

0.37 

Unexposed 

Lowest tertile 

Middle tertile 

Highest tertile 

p-trend 

1133 (645) 869 (64.6) 1.00 

Total 

174 (9.9) 139 (10.3) 0.86 (0.65, 1.14) 

246 (14.0) 183 (13.6) 0.85 (0.66, 1.09) 

158 (11.6) 158 (1 1.7) 0.89 (069, 1.15) 

0.24 

1771 (1000) 1360 (100.0) 

' Exposures were restricted to estimates with reliability> possible; estimates 
with low reliability were classified as unexposed 
bAdjusted for age, province of residence, use of proxy respondents, BMI 
categories, percent change in weight from maximum lifetime weight, cigarette 
pack years, combined physical activity index (hours/month), alcohol consumption 
(servings/week), consumption of processed meat (servings/week), occupational 
exposure to asbestos (yes/no), occupational exposure to aromatic amines (yes/no) 
' Cumulative metric of exposure to diesel emissions was derived from estimates of 
concentration of exposure, frequency of exposure and duration of employment 

levels of concentration, as well as for long durations of 
exposure at high levels of concentration. Exposure to 
gasoline emissions was not associated with elevated can­
cer risks in our data. 
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Table 3 Adjusted odds ratios (OR) and corresponding 95 % 
confidence intervals (Cl) for colorectal cancer in relation to 

occupational exposure to gasoline emissions 

Exposure metric• Cases (%) Controls (%) ORb (95 % Cl) 

Ever exposed 

No 957 (54.0) 783 (42.4) 1.00 

Yes 814 (46.0) 577 (57.6) 1.10 (0.93, 1.31) 

Highest attained exposure concentration 

Unexposed 

Low 

Medium 

High 

p-trend 

957 (54.0) 783 (57.7) 1.00 

647 

109 

58 

(365) 

(6.2) 

(3.3) 

462 

71 

44 

(34.0) 

(52) 

(3.2) 

1.17 (0.97, 1.41) 

1.04 (0.73, 1.49) 

1.04 (0.67, 1 63) 

0.77 

Duration of exposure (years) 

Unexposed 

> 0 to <7 

<:: 7 to S26 

> 26 

p-t rend 

957 (54.7) 783 (58.1) 1.00 

245 (14.0) 179 (13.3) 1.07 (0.84, 1.36) 

285 (16.3) 196 (145) 1.11 (0.88, 1.40) 

264 (15.1 ) 190 (14.1) 1.1 1 (0.84, 1.45) 

0.32 

Durat ion of exposure at high concent ration (years) 

Unexposed 

> 0 t o SS 

>5 

p-trend 

1713 (96.9) 

30 (1.7) 

25 (1.4) 

Frequency of exposure 

Unexposed 1110 (64. 1) 

Low: 5 % 46 (2.7) 

Medium: 6-30 % 437 

High >30 % 138 

p-trend 

(25.3) 

(80) 

Cumulative occupat ional exposurec 

13 16 (971) 

21 (1.6) 

18 (1.3) 

852 

56 

282 

90 

(66.6) 

(4.4) 

(220) 

(7.0) 

1.00 

0.95 (05 1, 1.75) 

1.1 1 (0.57, 2.1 7) 

0.83 

1.00 

0.68 (0.43, 1.07) 

1.1 0 (0.89, 1.36) 

1.09 (0.79, 1.49) 

0.33 

Unexposed 

Lowest tertile 

Middle tert ile 

Highest tertile 

p-trend 

957 (54.6) 783 (58.0) 1.00 

Total 

225 (12.8) 175 (13.0) 0.95 (0.73, 1.24) 

308 (17.6) 204 (15.1) 1.1 6 (0.93, 1.45) 

262 (15.0) 187 (13.9) 1.13 (0.88, 1.45) 

0.27 

1771 (100.0) 1360 (100.0) 

' Exposures were restricted to estimates with reliability > possible; estimates 
with low reliability were classified as unexposed 
bAdjusted for age, province of residence, use of proxy respondents, BMI 
categories, percent change in weight from maximum lifetime weight, cigarette 
pack years, combined physical activity index (hours/month), alcohol consumption 
(servings/week), consumption of processed meat (servings/week), occupational 
exposure to asbestos (yes/no), occupational exposure to aromatic amines (yes/no) 
' Cumulative metric of exposure to diesel emissions was derived from estimates of 
concentration of exposure, frequency of exposure and duration of employment 

An important finding of this analysis was the 2-fold 
increase in the odds of rectal cancer with exposure to 
diesel exhaust. However, the association observed for the 
highest attained concentration of diesel exposure and 



Kachuri et al. Environmental Health (2016) 15:4 Page 8 of 12 

Table 4 Adjusted odds ratios (Ofl) and corresponding 95 % confidence intervals (Cl) for rectal cancer and colon cancer in relation to 
occupational exposure to diesel emissions 

Recta l cancer (n = 840) Colon cancer (n = 931) 

Exposure metrica Cases (%) Controls (%) (95 %Cl) Cases(%) Controls (%) (95 % Cl) 

Ever exposed 

No 

Yes 

538 

302 

(64.0) 

(36.0) 

Highest attained exposure concentration 

Unexposed 

Low 

Medium 

High 

p-trend 

538 

212 

61 

29 

0.56 

Duration of exposure (years) 

Unexposed 538 

>Oto< l 1 99 

~ 11 to :031 112 

> 31 85 

p-trend 0.16 

(64.1) 

(252) 

(7.3) 

(3.5) 

(64.5) 

(11.9) 

(13.4) 

(102) 

869 

491 

869 

377 

89 

25 

869 

157 

166 

157 

Duration of exposure at high concentration (years) 

Unexposed 

>O to :010 

>10 

p-trend 

Frequency of exposure 

Unexposed 

Low: 5 % 

Medium: 6-30 % 

High: >30 % 

p-trend 

811 

16 

12 

0.02 

558 

33 

171 

56 

0.16 

(96.7) 

(1 9) 

(1.4) 

(68.2) 

(40) 

(209) 

(6.9) 

Cumulative occupational exposurec 

Unexposed 

Lowest terti le 

Middle tertile 

Highest tertile 

p-trend 

538 

87 

116 

93 

0.38 

(645) 

(10.4) 

(13.9) 

(112) 

1335 

13 

11 

910 

60 

229 

81 

869 

139 

183 

158 

(63.9) 

(36. 1) 

(63.9) 

(27.7) 

(6.5) 

(1.8) 

(64.4) 

(11.6) 

(12.3) 

(1 1.6) 

(982) 

(1.0) 

(08) 

(71.1) 

(4.7) 

(17.9) 

(6.3) 

(64.4) 

(10.3) 

(136) 

(1 1.7) 

1.00 

0.89 

1.00 

0.78 

0.99 

1.98 

1.00 

0.91 

0.99 

0.76 

1.00 

1.84 

2.33 

1.00 

1.27 

1.15 

1.20 

1.00 

0.87 

0.88 

0.92 

(072, 

(0.61, 

(068, 

(1.09, 

(067, 

(0.73, 

(0.52, 

(084, 

(094, 

(0.76, 

(087, 

(0.80, 

(063, 

(065, 

(066, 

1.10) 

0.99) 

1.44) 

3.60) 

124) 

1.35) 

1.10) 

405) 

5.78) 

2.12) 

1.5 1) 

1.79) 

1.20) 

1 18) 

128) 

595 

336 

595 

238 

75 

23 

595 

109 

108 

110 

908 

13 

9 

633 

43 

180 

57 

595 

87 

130 

11 1 

(639) 

(36.1) 

(63.9) 

(25.6) 

(8.1) 

(2.5) 

(645) 

(11.8) 

(117) 

(119) 

(976) 

(1.4) 

(1.0) 

(69.3) 

(4.7) 

(19.7) 

(6.2) 

(64.5) 

(9.4) 

(14.1) 

(120) 

869 

491 

869 

377 

89 

25 

p-trend 

869 

157 

166 

157 

p-trend 

1335 

13 

11 

p-trend 

910 

60 

229 

81 

p-trend 

869 

139 

183 

158 

p-trend 

(63.9) 

(361) 

(63.9) 

(27.7) 

(6.5) 

(1.8) 

(64.4) 

(11.6) 

(12.3) 

(1 16) 

(982) 

(10) 

(0.8) 

(71.1) 

(4.7) 

(17.9) 

(6.3) 

(64.4) 

(10.3) 

(136) 

(1 1.7) 

1.00 

0.90 

1.00 

0.81 

1.09 

1.35 

0.91 

1.00 

0.91 

0.87 

0.86 

0.31 

1.00 

1.37 

1.34 

0.39 

1.00 

1.21 

1.10 

0.95 

0.70 

1.00 

0.85 

0.83 

0.98 

0.42 

(0.73, 

(0.64, 

(0.76, 

(0.72, 

(068, 

(0.64, 

(0.60, 

(0.60, 

(0.51, 

(0.75, 

(0.84, 

(0.64, 

(0.61, 

(0.63, 

(0.71, 

1.11) 

1.03) 

1.56) 

2.54) 

1.24) 

118) 

1.21) 

3.14) 

3.55) 

194) 

1.44) 

1.41) 

1.18) 

1.11) 

1.35) 

'Exposures were restricted to estimates with reliability> possible; estimates with low reliability were classified as unexposed 
bAdjusted for age, province of residence, use of proxy respondents, BMI categories, percent change in weight from maximum lifetime weight, cigarette pack years, 
combined physical activity index (hours/month), alcohol consumption (servings/week), consumption of processed meat (servings/week), occupational exposure to 
asbestos (yes/no), occupational exposure to aromatic amines (yes/no) 
'Cumulative metric of exposure to diesel emissions was derived from estimates of concentration of exposure, frequency of exposure and duration of employment 

duration of exposure at high concentration should be 
viewed in the context of weak and null associations 
observed for other exposure metrics. The lack of 
monotonically increasing trends in risk for frequency 
and duration of exposure, suggests that diesel emis­
sions may be associated with rectal cancer risk only 
in specific occupational sub-groups with prolonged 

(> 10 years) exposure at very high concentrations, 
such as underground miners, which represent the 
benchmark for high concentration of diesel exposure 
in the NECSS. Our results point to concentration as a key 
dimension of exposure influencing the association with 
cancer risk However, given the inconsistent overall pat­
tern of results and the modest prior evidence for a causal 
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Table S Adjusted odds ratios (OR) and corresponding 95 % confidence intervals (Cl) for rectal cancer and colon cancer in relation to 
occupational exposure to gasoline emissions 

Rectal cancer (n = 840) Colon cancer (n = 931) 

Exposure metric" Cases (%) Controls (%) (95 % Cl) Cases (%) Controls (%) (95 % Cl) 

Ever exposed 

No 

Yes 

452 

388 

(53.8) 

(462) 

Highest atta ined exposure concentration 

Unexposed 

Low 

Medium 

High 

p-trend 

452 

305 

55 

28 

0.74 

Duration of exposure (years) 

Unexposed 

>Oto <7 

~ 7 to :526 

> 26 

p-trend 

452 

117 

144 

120 

0.33 

(53.8) 

(36.3) 

(6.6) 

(3.3) 

(54.3) 

(14.1) 

(17.3) 

(14.4) 

783 

577 

783 

462 

71 

44 

783 

179 

196 

190 

Duration of exposure at high concentration (years) 

Unexposed 

>O to <5 

~5 

p-trend 

Frequency of exposure 

812 

15 

12 

0.84 

Unexposed 528 

Low: 5 % 14 

Medium: 6-30 % 213 

High: >30 % 63 

p-trend 0.72 

(968) 

(1.8) 

(1.4) 

(646) 

(17) 

(260) 

(77) 

Cumulative occupational exposurec 

Unexposed 

Lowest tertile 

Middle tertile 

Highest tertile 

p-trend 

452 

117 

140 

124 

0.38 

(54.3) 

(141) 

(16.8) 

(149) 

1316 

21 

18 

852 

56 

282 

90 

783 

175 

204 

187 

(576) 

(42.4) 

(57.6) 

(34.0) 

(52) 

(3.2) 

(58.1) 

(13.3) 

(14.5) 

(141) 

(971) 

(1.6) 

(1.3) 

(666) 

(4.4) 

(22.0) 

(70) 

(58.0) 

(' 3.0) 

(15.1) 

(139) 

1.00 

1.12 

1.00 

(091, 

1.20 (0.96, 

1.12 (0.73, 

1.04 (0.60, 

1.00 

1.09 (0.82, 

1.20 (0.91, 

1.08 (0.77, 

1.00 

1.02 (0.48, 

1.08 (0.48, 

1.00 

0.46 (0.24, 

1.08 (084, 

1.00 (068, 

1.00 

1.13 (0.84, 

1.14 (0.86, 

1.11 (0.8 1, 

1.38) 

1.50) 

1.73) 

1.79) 

1.46) 

1.59) 

1.5 1) 

2.16) 

2.39) 

0.89) 

1.40) 

1.48) 

1.51) 

1.51) 

1.51) 

505 

426 

505 

342 

54 

30 

505 

128 

141 

144 

901 

15 

13 

582 

32 

224 

75 

505 

108 

168 

138 

(542) 

(45.8) 

(542) 

(36.7) 

(5.8) 

(3.2) 

(55.0) 

(139) 

(15.4) 

(15.7) 

(97.0) 

(16) 

(1.4) 

(63.8) 

(3.5) 

(24.5) 

(8.2) 

(55.0) 

(11.8) 

(18.3) 

(15.0) 

783 

577 

783 

462 

71 

44 

783 

161 

185 

219 

1316 

21 

18 

852 

56 

282 

90 

783 

144 

217 

205 

(576) 

(42.4) 

(576) 

(34) 

(5.2) 

(32) 

p-trend 

(58.1) 

(1 1.9) 

(13.7) 

(16.3) 

p-trend 

(97.1) 

(16) 

(13) 

p-trend 

(66.6) 

(4.4) 

(220) 

(70) 

p-trend 

(580) 

(10.7) 

(161) 

(152) 

p-trend 

1.00 

1.04 

1.00 

1.10 

0.92 

1.04 

0.91 

1.00 

(0.85, 

(0.88, 

(0.60, 

(0.61, 

1.00 (0.76, 

0.96 (0.73, 

1.10 (0.79, 

0.77 

1.00 

0.94 

1.13 

0.84 

1.00 

0.85 

1.08 

1.16 

0.30 

1.00 

0.85 

1.13 

1.06 

0.55 

(0.46, 

(0.51, 

(0.51, 

(0.84, 

(080, 

(0.63, 

(0.87, 

(0.78, 

1.27) 

1.37) 

1.42) 

1.76) 

1.34) 

1.27) 

1.5 1) 

194) 

2.52) 

1.42) 

1.38) 

1.66) 

1.15) 

1.48) 

1.43) 

' Exposures were restricted to estimates with reliability> possible; estimates with low reliability were classified as unexposed 
bAdjusted for age, province of residence, use of proxy respondents, BMI categories, percent change In weight from maximum lifetime weight, cigarette pack 
years, combined physical activity index (hours/month), alcohol consumption (servings/week), consumption of processed meat (servings/week), occupational 
exposure to asbestos (yes/no), occupational exposure to aromatic amines (yes/no) 
'Cumulative metric of exposure to diesel emissions was derived from estimates of concentration of exposure, frequency of exposure and duration of employment 

relationship, the observed increases in rectal cancer risk 
should be viewed with caution, and it is possible that some 
of these associations may be due to chance. 

The hypothesis linking diesel emissions to increased 
risk of colon and rectal cancer postulates that clear­
ance of inhaled the gases and particulate matter by 
mucocilliary transport and diffusion into the pulmonary 

capillaries is likely the pathway by which these particles 
translocate to other organs [32] . Although the carcinogenic 
mechanism of PAHs has been attributed to genotoxic 
effects, such as the formation of bulky DNA adducts 
[33-35], the underlying process is less clear for other 
constituents of motor vehicle exhaust, such as elemental 
carbon [35, 36]. Toxicology data suggest that generation 
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of reactive oxygen species (ROS) and the resulting 
mutations represent another potential carcinogenic mech­
anism. Dietary exposure to diesel exhaust particles has 
been linked with ROS-mediated protein oxidation, DNA 
breaks, and increased formation of DNA-adducts in 
colon mucosa cells [35]. Studies in experimental models 
also indicate that a large single dose of exposure to 
diesel exhaust leads to more pronounced DNA damage, 
compared to the effects of the same total dose adminis­
tered in smaller increments over time [37). These observa­
tions suggest that an exposure threshold may exist for the 
genotoxic effects of diesel exhaust particles, and this is 
consistent with the results of our analysis, where concen­
tration of exposure, but not duration alone, was associated 
with cancer risk. 

Previous epidemiological studies of diesel and gasoline 
emissions and CRC risk have reported a somewhat dif­
ferent pattern of results to the one we observed in our 
data. In a large Canadian population-based case-control 
study in the 1980's, exposure to diesel engine exhaust 
was linked to increased risks of colon cancer (OR= 1.7 
for long-term, high-level exposure) [12]. Contrary to our 
findings, gasoline engine exhaust was associated with 
elevated risks of rectal cancer (OR= 1.6 for long-term, 
high-level exposure) [12). However, this analysis was 
based on small case series (364 colon and 190 rectal 
cancers), and lacked information on BMI, diet and phys­
ical activity. In another analysis of the same dataset, 
Goldberg et al. [13] assessed the association of colon 
cancer with diesel engine emissions in 497 male cases 
compared with 1514 other cancer patients (excluding 
cancers of the lung, peritoneum, esophagus, stomach 
and rectum) and 533 population controls. When the 
pooled control group was used, the resulting OR for 
colon cancer was 1.6, whereas the risk increased to 2.1 
when only the population-based controls were used [13). 
It is plausible that the levels of exposure experienced by 
population-based controls in our study were higher, 
which would attenuate the observed associations. 

In interpreting the results of our study, it is important 
to consider that the workplace exposure of NECSS sub­
jects may have been lower than what may be required to 
produce a detectable increase in cancer risk. The effects 
of exposure could also be modified by individual differ­
ences in ability to metabolize and clear PAHs, and repair 
DNA damage resulting from oxidative stress generated 
by other constituents of motor vehicle exhaust [38]. An 
additional challenge in estimating the effects of diesel 
and gasoline emissions lies in disentangling the effects of 
one of these exposures from the other, while also con­
trolling for their mutual confounding. It should also be 
noted that even if a causal relationship with exposure to 
diesel emissions exists, it's contribution to overall CRC 
risk may be overshadowed by other lifestyle and genetic 
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risk factors. One of the key strengths of our study 
was the availability of extensive information on anthropo­
metric measures, diet, and physical activity, which allowed 
us to adjust for these important determinants of CRC 
risk in a more comprehensive way, compared to pre­
vious studies. 

Another key advantage of our study is our rigorous 
and extensive exposure assessment. Compared to studies 
of job title or industry alone, the expert review enhances 
our ability to take into consideration idiosyncrasies within 
each job that can influence exposure dimensions. Experts 
could take into consideration the time-varying nature of 
motor vehicle exhaust emissions, resulting from changes 
in engine technology, use of protective equipment, and 
policy regulations [39). The resulting semi-quantitative in­
dices have been shown to be a credible way of assessing 
exposure, and given the blinded nature of our assessment, 
this also serves to mitigate the potential for recall bias that 
is often introduced in self-reported case-control data [40). 
Furthermore, our exposure assessment provided informa­
tion on other occupational agents, such as aromatic 
amines, asbestos and crystalline silica, which have been 
taken into account in this analysis. 

Despite its many advantages, our exposure assessment 
also has some limitations. The response rates were mod­
est for cases and controls in our study. Although selec­
tion bias resulting from the lower response rate in 
controls may be a concern, we do not believe that the 
magnitude of this bias would be large enough to lead to 
seriously distort the odds ratios for diesel exposure that 
have been reported. Firstly, it is unlikely that differences 
in study participation were directly related to diesel and 
gasoline exposure, since this was not explicitly identified 
as a study hypothesis during participant recruitment. 
The potential for selection bias is further reduced since 
only 1.2 % (n = 199) of eligible jobs were excluded from 
the exposure assessment due to insufficient information. 

The impact of non-participation bias is also likely to 
be minimal because adjustment for socioeconomic fac­
tors that are expected to be related to participation, such 
as education, do not have an appreciable effect on the 
observed associations with diesel and gasoline exposure. 
For instance, after adjusting for total years of schooling, 
the rectal cancer association with exposure to the 
highest concentration level of diesel emissions remained 
statistically significant and comparable in magnitude 
(OR= 1.90 vs. OR= 1.98). A similar pattern was observed 
for duration of exposure at high concentrations, and other 
metrics of diesel and gasoline exposure. 

Lastly, the associations observed for known colon and 
rectal cancer risk factors in earlier NECSS publications 
[41, 42) and in our data, including BMI and dietary 
factors (i.e.: red and processed meat consumption), also 
exhibited dose-response patterns that were comparable 
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in magnitude and direction to those that have been 
previously reported in the literature [7, 9, 43]. 

The reliance on self-reported job histories makes our 
data vulnerable to measurement error resulting from in­
accuracies in recall, which can decrease statistical power 
and attenuate the observed associations. Misclassification 
of exposure likely occurred, although this would have been 
non-differential, thereby attenuating the observed associa­
tions. Moreover, in the absence of direct measurements of 
exposure, our semi-quantitative indices cannot be used for 
quantitative risk assessment. 

Conclusions 
Our findings are suggestive of a modest association 
between occupational exposure to high concentrations 
of diesel emissions and risk of rectal cancer. 
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