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Abstract
Objectives  To investigate the role of occupational 
exposure to endotoxins in lung cancer in a French 
population-based case–control study (ICARE 
(Investigation of occupational and environmental causes 
of respiratory cancers)).
Methods  Detailed information was collected on the 
occupational history and smoking habits from 2926 
patients with histologically confirmed lung cancer and 
3555 matched controls. We evaluated each subject’s 
endotoxin exposure after cross referencing International 
Standard Classification of Occupations (ISCO) codes 
(for job tasks) and Nomenclature d’Activités Françaises 
(NAF) codes (for activity sectors). Endotoxin exposure 
levels were attributed to each work environment based 
on literature reports. ORs and 95% CIs were estimated 
using unconditional logistic regression models and 
controlled for main confounding factors.
Results  An inverse association between exposure 
to endotoxins and lung cancer was found (OR=0.80, 
95% CI 0.66 to 0.95). Negative trends were shown 
with duration and cumulative exposure, and the risk 
was decreased decades after exposure cessation (all 
statistically significant). Lung cancer risk was particularly 
reduced among workers highly exposed (eg, in dairy, 
cattle, poultry, pig farms), but also in those weakly 
exposed (eg, in waste treatment). Statistically significant 
interactions were shown with smoking, and never/light 
smokers were more sensitive to an endotoxin effect 
than heavy smokers (eg, OR=0.14, 95% CI 0.06 to 
0.32 and OR=0.80, 95% CI 0.45 to 1.40, respectively, 
for the quartiles with the highest cumulative exposure, 
compared with those never exposed). Pronounced 
inverse associations were shown with adenocarcinoma 
histological subtype (OR=0.37, 95% CI 0.25 to 0.55 in 
the highly exposed).
Conclusions  Our findings suggest that exposure to 
endotoxins, even at a low level, reduces the risk of lung 
cancer.

Introduction
Lung cancer is the most common  and most lethal 
neoplasm worldwide. Tobacco smoke is by far the 
main aetiological factor in lung carcinogenesis; 
however, other factors have been recognised as 
playing a role—most importantly, occupational expo-
sures.1

The first studies conducted on textile worker 
cohorts, starting in 1973, showed lower 
rates of lung cancer than expected.2 3 Similar 

results were found in agricultural workers, 
and were initially attributed to light smoking 
habits and/or to a healthy worker effect.4  
A potential role of endotoxin exposure was first 
advanced in 1985.5 Since then, several epidemi-
ological studies have  reported that occupational 
exposure to endotoxins in agriculture, textile or 
other industries may reduce the risk of lung cancer.6

Endotoxin is a cell wall component of Gram-neg-
ative bacteria that is released when bacteria die 
and lysis occurs. Endotoxins are lipopolysac-
charidzes comprising a polysaccharide compo-
nent responsible for their antigenicity, and a 
lipid component responsible for their toxicity.7  
As bacterial constituents are continuously shed into 
the  surrounding environment, substantial endo-
toxin exposure occurs—for example, in agricul-
tural work (particularly livestock), waste treatment, 
textile industries (particularly cotton), and to a lesser 
degree in cigarette factories, paper mills  and dental 
offices.8 9 Concentrations of airborne endotoxins are 
usually expressed as ng/m3 or as endotoxin units per 
volume (EU/m3).

Even at relatively low levels (50–500 EU/
m³ over 8 hours), endotoxins have been 
recognised as important inflammagenic  
factors in the aetiology of occupational lung diseases, 
including non-atopic asthma, organic dust toxic 
syndrome and decreased lung function.10 11 In contrast 
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What this paper adds

►► Since 1970, epidemiological studies have 
shown that occupational exposure to high 
levels of endotoxins may reduce the risk of 
lung cancer, although with some inaccuracies 
in measurements of exposure to endotoxins 
and inadequate adjustment for tobacco 
smoking.

►► Our results confirmed the presence of a 
reduced risk of lung cancer among workers 
exposed to endotoxins.

►► We were able to adequately control for 
cigarette smoking and asbestos exposure and 
to model dose–effect relationships.

►► This is the first study to have scanned a wide 
range of industries and environments exposed 
to endotoxins. Considerable work was done in 
order to attribute a definite level of endotoxin 
exposure to each job held by the subjects.
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with these noxious effects, endotoxins might have protective effects 
on allergy and atopic asthma, possibly through stimulation of the 
immune system, a mechanism that might also be responsible for 
reduced lung cancer rates.12

Most epidemiological studies on the association between endo-
toxin exposure and lung cancer have used occupational history as 
a proxy of exposure6 and only a  few integrated a job–exposure 
matrix.13 14 Some studies included small numbers and methodolog-
ical weaknesses due to inadequate adjustment for tobacco smoking 
and other occupational exposures.6 15 Moreover, interactions with 
other respiratory diseases have been rarely evaluated, particularly 
with asthma, where the association with lung cancer risk is still 
debated.16

The aim of this study was to investigate the association between 
lung cancer and work in a large range of industries and environ-
ments entailing both weak and high exposure to endotoxins in a 
large population-based case–control study conducted in France. 
We were able to adequately control for cigarette smoking and 
asbestos exposure, to model dose–effect relationships and to assess 
whether the effect of endotoxins was modified by smoking habits 
or a history of asthma.

Materials and methods
Study population
The ICARE Study (Investigation of occupational and envi-
ronmental causes of respiratory cancers) is a large multicentre 
population-based case–control study conducted in France, in 10 
administrative departments covered by cancer registries, from 
2001 through 2007. All residents newly diagnosed with histo-
logically confirmed lung cancer at ages 18–75 were included. 
Controls were identified through random digit dialling and were 
randomly selected through incidence-density sampling methods 
by a polling institute in the same departments as the cases. They 
were matched to cases by sex, age (in four categories: <40, 
40–54, 55–64,  >65) and department of residence. An addi-
tional stratification was performed to make the distribution of 
the controls by socioeconomic status comparable to that of the 
general population in each department.

Of the 4865 eligible cases identified, 781 (16%) had died, 489 
(10%) were unreachable and 238 (5%) were too ill to be inter-
viewed. Among the 3357 remaining subjects, 2926 (87%) agreed 
to participate. We contacted 4411 controls (94% of the 4673 
eligible controls) and 3555 (81%) gave their consent to partic-
ipate. Additional details of the enrolment and data collection 
were published previously.17

All respondents gave written informed consent to participate. 
The study protocol was approved by the institutional review 
board of the French National Institute of Health and Medical 
Research (IRB-Inserm, n°01–036).

Data collection
Trained interviewers administered standardised question-
naires during face-to-face interviews. Detailed information was 
collected from cases and controls for a number of lung cancer 
risk factors, including sociodemographic characteristics, medical 
history  and smoking habits. Lifetime occupational histories 
were collected, considering each job held for at least 1 month. 
Subjects were asked for job title, year the job started and ended, 
sector and their main and subsidiary tasks. Supplementary ques-
tionnaires were used to assist interviewers with detailed technical 
probing for some occupations. The specific agriculture/livestock 
questionnaire included, among others, questions about the type 
of activity, type of livestock on the farm and number of heads.

For each job, the employer’s sector was coded into the French 
classification of activities (NAF  (Nomenclature d'Activités 
Françaises), 1999) of the National Institute for Statistics and 
Economics Studies (INSEE),18 and the job was coded according 
to the International Standard Classification of Occupations 
(ISCO, 1968) of the International Labour Organisation.19 The 
coders were blinded to the subject’s disease status.

If the subject was too sick or tired to answer the complete 
questionnaire, a shortened version was used, including informa-
tion on smoking and occupational history, but without detailed 
questions on each job held.

Occupational exposure assessment
The evaluation of exposure to endotoxins was based on a report 
by the Institut National de Recherche et de Sécurité (INRS),9 
whose authors identified published studies on the measurement 
of air-borne endotoxins, and classified several work environ-
ments by providing lower and upper levels of exposure. First, we 
went to the original articles and computed the mean of geometric 
means, as they were reported in the papers. Then we attributed 
this mean level (called intensity and expressed as arbitrary units 
per volume: UE/m3) to the different work environments, which 
we classified according to the NAF and ISCO codes. Finally, each 
job period of the subjects, as defined by the NAF and ISCO code 
system, was matched to the corresponding work environment 
with its exposure intensity, providing a quantitative estimate of 
endotoxin exposure.

Any peculiarity of the study population was also taken into 
account, when matching job periods to work environments. In 
France, many agriculture workers have their own farms and 
carry out activities including both livestock and crops, coded 
together as ‘Growing of crops combined with farming of animals: 
mixed farming’ (NAF code 01.3). For this group, we calculated 
the median number of animals, as declared by the controls in 
the specific agriculture questionnaire. Subjects who declared a 
number of animals higher than the median were included in the 
corresponding livestock’s work environment (dairy farms, cattle, 
poultry or pigs). Subjects who declared fewer animals than the 
median were included in greenhouse or outside plant cultivation 
work environment groups.

Subjects may belong to one or more work environment 
groups, according to their personal occupational history. For 
each subject, the maximum intensity of all the work environ-
ments in which he/she ever worked was used as his/her exposure 
level.

In addition, subjects were classified as having high or  low 
endotoxin exposure, with a threshold of 1000 UE/m3. This limit 
corresponds to the 90th centile of previous endotoxin measure-
ments in France, and was chosen in agreement with the guide-
lines issued by the INRS, which indicated higher exposures as 
unacceptable working situations.20 Thus dairy farms (1570 UE/
m3), cattle (1570 UE/m3), poultry (84 310 UE/m3), pigs (1510 
UE/m3), work with grains (6000 UE/m3), grain transport (2150 
UE/m3) and the  cotton industry (4540 UE/m3) were  classified 
into the high endotoxin exposure group. The others (eg, culti-
vation (110 UE/m3), bakeries (49 UE/m3), meat work (23 UE/
m3), waste collection and treatment (103 UE/m3), sawmills (190 
UE/m3) and wool industry (83 UE/m3)) were categorised as low 
exposure.

Subjects whose occupational history included both low and 
high exposure jobs were excluded from the analyses stratified on 
exposure level (n=22).
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A cumulative exposure index was obtained for each subject by 
summing the product of exposure intensity and duration of each 
job period, over the entire work history.

Time since cessation was calculated by subtracting age at the 
last job entailing an exposure to endotoxins from age at diag-
nosis or interview.

Confounding factors
Lifelong cigarette smoking was classified with the Comprehen-
sive  Smoking Index (CSI),21 a single aggregate measure incor-
porating total duration of cigarette smoking, average number of 
cigarettes per day and time since smoking cessation.

Subjects were considered asthmatic if they reported having 
asthma diagnosed by a physician and had no history of chronic 
obstructive pulmonary disease.

Asbestos exposure was evaluated using a specific job-exposure 
matrix, as previously described.22

Statistical analyses
Multivariable unconditional logistic regression models were 
applied to estimate ORs and 95% confidence CIs for all expo-
sure variables. Analyses were systematically adjusted for age at 
interview, gender, department, number of jobs held, CSI, educa-
tion level and occupational exposure to asbestos. In our data, 
the CSI varied linearly with lung cancer risk, thus it has been 
introduced in the model as a continuous adjusting variable.

All endotoxin exposure variables were transformed into qual-
itative variables according to quartiles of distribution among 
the controls. We also performed analyses stratified on smoking 
status, histological type and history of asthma. The modification 
effect has been tested with logistic regression by the likelihood 
ratio method.

Given the small proportion of women exposed to endotoxins 
(50 cases and 83 controls; 12%), analyses were carried out 
jointly for men and women. Only work environments with at 
least 10 exposed subjects and at least five exposed cases were 
analysed, resulting in exclusion of 8 cases and 14 controls from 
the analysis.

Dose–response associations were tested with maximum like-
lihood estimates based on the categorical variables, after testing 
the linearity of the association. Additionally, we used a restricted 
cubic spline to model the association between endotoxin expo-
sure duration or time since cessation and lung cancer risk. This 
approach minimises residual confounding when adjusting for a 
continuous variables (here, age at interview was included in the 
model using a restricted cubic spline function).

Statistical analyses were performed using SAS software (SAS 
Institute Inc; North Carolina USA; version 9.4). All p values 
were two-sided and a p value ≤0.05 was the threshold for statis-
tical significance.

Results
The main sociodemographic characteristics of the whole study 
population are summarised in table  1, together with cigarette 
smoking indices and lung cancer histologies. Twenty per cent of 
cases and controls were women. Cases were, on average, slightly 
older than controls, and had a lower education level (both statis-
tically significant). As expected, a considerable increase in the 
risk of lung cancer was observed in association with cigarette 
smoking. The mean number of jobs held was higher in controls, 
while the average duration of employment was longer among 
cases (both statistically significant); however, the differences 
between cases and controls were minimal in absolute figures.

In the ICARE population, 465 cases (15.9%) and 660 controls 
(18.6%) were classified as ever exposed to endotoxins. Overall, 
a statistically significant inverse association between exposure 
to endotoxins and lung cancer was found (OR=0.80, 95% CI 
0.66 to 0.95), as is shown in table  2. Analysis by work envi-
ronment group showed a decrease in lung cancer risk among 
workers highly exposed to endotoxins in dairy, cattle, poultry, 
pig farms and in waste collection and treatment, with strong 
statistically significant ORs between 0.25 (dairy farmers) and 
0.51. No other association reached statistical significance, but 
there was a suggestion of a reduced  risk for greenhouse plant 
cultivation, work with grains and grain transport, while risks 
seemed to be increased for workers in meat processing, sawmills, 
wool industry and dental offices. ORs around unity were found 
for some other work environments (outside plant cultivation, 
bakeries, slaughterhouses, cotton industry and paper facto-
ries), while for others no meaningful comparison was possible, 
owing to low numbers.

Table 3 illustrates the analysis of lung cancer risk according 
to several characteristics of each subject’s endotoxin exposure. 
The finding of an overall inverse association between endotoxin 
exposure and lung cancer was corroborated by the statistically 
significant trends with duration and cumulative exposure. In 
detail, exposure periods longer than 14 years decreased lung 
cancer risk by >40%, while the quartile of subjects with the 
highest cumulative exposure had an almost 60% decrease. The 
risk was also significantly decreased in the workers who were 
exposed to endotoxins until 21 years before interview.

Subjects were then divided into those  weakly (n=306/310 
cases/controls) and highly (n=151/336 cases/controls) exposed 
to endotoxins. The two subgroups differed also in their mean 
exposure duration, which for cases and controls was 15 years 
(SD 14.33) and 23 years (SD 18.17), respectively. No statis-
tically significant association could be demonstrated among 
those weakly exposed, where most ORs were around unity, but 
the risk appeared to be reduced by 20% among those workers 
exposed until recently and in those with the strongest cumula-
tive exposure. On the other hand, all the associations reported 
above for the whole population were reinforced in the subjects 
who had  high occupational exposure to endotoxins. The risk 
for subjects ever-exposed was halved compared with those never 
exposed, the trends for duration and cumulative exposure index 
were reinforced, and the risk was significantly reduced even after 
a  few years of exposure, in the lowest quartile of cumulative 
exposure and after the longest interval from cessation.

Figure 1 shows the spline charts obtained for duration of expo-
sure and for time since last exposure, where the ORs are plotted 
against time, with the reference value fixed at 0 years. In Figure 
1a, the curve of the weakly exposed subjects shows a steep 
increase during the first few years, followed by a linear decrease, 
so that ORs become lower than 1.0  between 20 and 30 years 
of exposure and continue to decline thereafter. The curve of 
the strongly exposed workers exhibits instead a continuous 
descending risk of lung cancer, steeply decreasing to half risk 
around 10 years and then decreasing more smoothly. Figure 1b 
shows that cessation of exposure led to a progressive and linear 
reduction of the endotoxin effect, irrespective of the level of 
exposure. The two curves are almost parallel, although that of 
the highly exposed workers starts well below unity and crosses 
the line corresponding to OR=1.0 only 50 years from the  last 
exposure, while that of the weakly exposed subjects  always 
remains in the area of positive association.

The analyses were then stratified by smoking status (table 4). 
Subjects ever exposed to endotoxins who  were light or never 
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Table 1  Sociodemographic and other selected characteristics of the study population by case–control status

Characteristics

Cases Controls

OR* 95% ClN % N %

Total 2926 3555

Gender

 ��������������� Male 2276 77.8 2780 78.2

 ��������������� Female 650 22.2 775 21.8 p**=0.68

Department

 ��������������� Calvados 354 12.1 462 13.0 ̶  ���������������

 ��������������� Doubs et territoire de 
Belfort

149 5.1 143
4.0

̶  ���������������

 ��������������� Hérault 334 11.4 450 12.7 ̶  ���������������

 ��������������� Isère 476 16.3 501 14.1 ̶  ���������������

 ��������������� Loire Atlantique 350 12.0 404 11.4 ̶  ���������������

 ��������������� Manche 320 10.9 312 8.8 ̶  ���������������

 ��������������� Bas-Rhin 398 13.6 469 13.2 ̶  ���������������

 ��������������� Haut-Rhin 73 2.5 118 3.3 ̶  ���������������

 ��������������� Somme 321 11.0 499 14.0 ̶  ���������������

 ��������������� Vendée 151 5.2 197 5.5 ̶  ���������������

Age at interview (years)

 ��������������� <50 466 15.9 827 23.3 1.00  ��������������� Reference

 ��������������� 50–60 999 34.1 1012 28.5 1.75  ��������������� (1.51–2.02)

 ��������������� 60–70 989 33.8 1186 33.4 1.47  ��������������� (1.27–1.70)

 ��������������� ≥70 472 16.1 530 14.9 1.59  ��������������� (1.34–1.88)

 ��������������� Mean (SD) 59.69 (9.34) 58.52 (10.22) p**<0.001

Highest educational 
level†

 ��������������� Elementary school 
or less 879 32.7 763 21.92 1.00  ��������������� Reference

 ��������������� Middle school 1077 40.1 1351 38.81 0.64  ��������������� (0.56–0.73)

 ��������������� High school 257 9.6 400 11.49 0.51  ��������������� (0.41–0.61)

 ��������������� University 383 14.3 901 25.88 0.33  ��������������� (0.28–0.40)

 ��������������� Unknown 88 3.3 23 2

Cigarette smoking history

 ��������������� Never smoked‡ 247 8.4 1326 37.3 1.00  ��������������� Reference

 ��������������� Former smokers 995 34.0 1485 41.77 3.45  ��������������� (2.93–4.05)

 ��������������� Current smokers 1667 57.0 742 20.87 16.35  ��������������� (12.92–18.23)

 ��������������� Missing 17 0.6 2 0.06

Cumulative cigarette 
consumption (CSI)

 ��������������� 0‡ 247 8.4 1326 37.3 1.00  ��������������� Reference

 ��������������� 0–0.5 133 4.5 704 19.8 1.01  ��������������� (0.81–1.27)

 ��������������� 0.5–1 271 9.3 565 15.9 2.67  ��������������� (2.20–3.27)

 ��������������� 1–1.5 505 17.3 457 12.9 6.46  ��������������� (5.34–7.82)

 ��������������� 1.5–2 979 33.5 377 10.6 14.53  ��������������� (12.06–17.52)

 ��������������� >2 762 26.0 115 3.2 36.15  ��������������� (28.35–46.11)

 ��������������� Missing 29 0.99 11 0.3

Number of jobs held

 ��������������� 0 42 1.4 15 0.4 2.44  ��������������� (1.31–4.54)

 ��������������� 1 292 10.0 269 7.6 1.00  ��������������� Reference

 ��������������� 2 482 16.5 541 15.2 0.81  ��������������� (0.66–1.01)

 ��������������� 3 552 18.9 691 19.4 0.7  ��������������� (0.57–0.86)

 ��������������� 4 512 17.5 614 17.3 0.71  ��������������� (0.58–0.88)

 ��������������� ≥5 1046 35.7 1425 40.1 0.61  ��������������� (0.51–0.75)

Number of jobs held, 
mean (SD) 4.14 (2.65) 4.38 (2.54) p**=0.0002

Total duration of 
employment, mean (SD)† 34.40 (10.82) 34.02 (10.24) P**=0.02

Histological types

continued

Workplace
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Characteristics

Cases Controls

OR* 95% ClN % N %

 ������� Squamous cell 
carcinoma

906 31.0 ̶ ̶

 ������� Small cell carcinoma 429 14.7 ̶ ̶
 ������� Adenocarcinoma 1145 39.1 ̶ ̶
 ������� Large cell carcinoma 246 8.4 ̶ ̶
 ������� Other types 200 6.8 ̶ ̶
*OR adjusted for age at interview and department.
**p Values are derived from the Pearson’s χ2 test for categorical variables or Student's test for continuous variables.
†Only available for the complete questionnaire.
‡Non-smokers were subjects who had smoked fewer than 100 cigarettes in their lifetime.
§Former smokers were subjects who had stopped smoking at least 2 years before diagnosis (cases)/interview (controls).
 CSI, Comprehensive Smoking Index.

Table 1  continued 

Workplace

smokers had their risk of lung cancer reduced by one-third, 
which was statistically significant in comparison with non-ex-
posed workers. On the other hand, the subgroup of heavy 
smokers appeared to be less sensitive to the effect of endo-
toxin exposure, with OR only slightly reduced. The interaction 
between endotoxin exposure and cigarette smoking was statis-
tically significant. In detail, for never/light smokers ORs were 
lower than unity (statistically significant) for the pairs of quar-
tiles with the longest duration, strongest cumulative exposure or 
more recent exposure, and definitely low for the extreme quar-
tiles (OR=0.26, 0.14 and 0.28, respectively). All interactions 
were strongly statistically significant.

Analyses by histological subtype of lung cancer showed that 
the strongest inverse association with endotoxin exposure was 
with adenocarcinoma (one-third less; see online supplementary 
table 1). In the highly exposed the risk was decreased by almost 
two-thirds for adenocarcinoma, and by about 40% in the case 
of squamous cell and small cell lung cancer (fully or borderline 
statistically significant).

The inverse association between occupational exposure to 
endotoxins and lung cancer risk seemed to be more pronounced 
among subjects with a history of asthma (see online supplemen-
tary table 2). A slight decreased risk was suggested in the weakly 
exposed and was more definite among those who underwent 
high exposure, who showed borderline statistical significance in 
the small subgroup that had a history of asthma (OR=0.22). No 
interaction was demonstrated.

Discussion
This large population-based case–control study investigated 
in detail the association between lung cancer risk and occupa-
tional exposure to endotoxins. It  attributed a definite level of 
endotoxin exposure to each job held by the subjects. Our results 
confirmed the presence of a decreased risk of lung cancer among 
workers exposed to endotoxins. A slight decreased risk in weak 
exposures was suggested for the first time, in addition to the 
strong association that was seen, as expected, among those 
highly exposed (particularly in livestock farms). Dose–response 
trends were shown with duration and cumulative exposure to 
endotoxins, while the inverse association diminished over time 
after cessation of exposure.

Our results are consistent with previous publications, partic-
ularly for workers in the livestock sector. Three meta-analyses 
on occupational exposures in agriculture found relative risks of 
lung cancer significantly reduced by one-third or more among 
farmers.23 24 However, the SYNERGY pooled analysis found 

slightly increased risks in association with occupational exposure 
to organic dust, endotoxins, or contact with animals or animal 
products, although high heterogeneity existed between studies.25

We classified the exposures to endotoxins as high or low 
according to the INRS guidelines.20 Among the highly exposed, 
we found a stronger inverse association with lung cancer risk 
for dairy farmers than for cattle, poultry and pig farmers, while 
non-significantly lowered ORs were seen in the small groups of 
workers in the grain sector. Similarly, lower lung cancer risks 
have been shown among dairy farmers in comparison with 
sheep or pig farmers and grain producers.15 26 The risk tended to 
decrease as the farm size and the number of livestock augmented, 
and was increased in farmers who switched from dairy to crop.

On the other hand, no association with lung cancer risk was 
found in our small group of cotton textile workers. This result 
was rather unexpected, as the majority of epidemiological studies 
on the  textile industry suggest  a reduced  risk of lung cancer 
in  this work environment,6 with few exceptions.27 However, 
most published studies have been conducted on unspecified 
‘textile workers’, and  the meta-analysis by Lenters et al  found 
a statistically decreased risk specifically among cotton textile 
workers (with substantial heterogeneity between studies).6

A slight but suggestive association was found between low 
endotoxin exposure and lung cancer risk. In detail, we found 
that the risk was halved in association with waste collection and 
treatment (statistically significant). Similarly, a reduced rate of 
deaths from lung cancer has been reported in municipal waste 
workers.28

In the group of subjects with low exposure to endotoxins, the 
most common work environments were plant cultivation, meat 
production, sawmills and bakeries. The sector of plant cultiva-
tion was generally included in crop farming in the above-men-
tioned articles. Most epidemiological studies of lung cancer in 
meat workers provide evidence of a positive association between 
exposure to meat aerosols and lung cancer, as suggested by our 
data.29 Association between the wood industry and lung cancer 
is still a source of debate, and a recent meta-analysis was incon-
clusive.30 The possibility of residual confounding by wood dust 
exposure cannot be ruled out in our analyses; however, addi-
tional adjustments for this factor and for industries and occupa-
tions known (list A) or suspected (list B) to be associated with 
lung cancer risk did not substantially change our results (not 
shown). Studies on bakers and baking-related occupations did 
not suggest any significant association with lung cancer risk.31

Different strains of Gram-negative bacteria are found in 
different environments, and this might affect  the observed 
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Table 2  Distribution of cases and controls and risk of lung cancer by work environmenf

INRS Work Environment Group Sector/activity (NAF code*) Occupation/process (ISCO code†) Cases Controls

OR§ 95% ClMean UE/m3(±SD)‡ N N

Never worked in environment exposed to endotoxins¶ 2461 2895 1.00 Reference

Ever worked in environment exposed to endotoxins** 465 660 0.8 (0.66–0.95)

Agriculture

Greenhouse plant cultivation 23 39 0.66 (0.33–1.33)

110 (±4.3) Growing of vegetables; truck farming 
(01.1C)

Farm managers and supervisors (6–00†)

Growing of horticultural specialities and 
nursery products(01.1D)

General farmers (6–11)

Growing of fruit (except grapes) (01.1F) Horticultural Farmer (6–12.70)

Agricultural service activities (01.4A) General Farm Workers (6–21.05/10)

Growing of crops combined with farming 
of animals (mixed farming)(01.3Z)

Nursery Workers and Gardeners (627†)

Outside plant cultivation 99 131 0.94 (0.66–1.35)

110 (±2.5) Growing of crops; market gardening; 
horticulture (01.1*)

Farm managers and supervisors (6–00†)

Agricultural service activities (01.4A) General farmers (6–11)

Growing of crops combined with farming 
of animals (mixed farming)(01.3Z)

Specialised farmers (6–12.20/30/70)

General farm workers (6–21†)

Field crop and vegetable farm workers 
(6–22†)

Orchard, vineyard and related tree and 
shrub crop workers (6–23†)

Nursery workers and gardeners(6–27†)

Dairy farms†† 31 87 0.25 (0.14–0.45)

1570 (±2.5) Farming of cattle (01.2A) Farm managers and supervisors (6–00†)

Farming of sheep, goats, horses, asses, 
mules and hinnies (01.2C)

General farmers (6–11)

Animal husbandry service activities, except 
veterinary activities (01.4D)

Specialised farmers (6–12.40/50)

Growing of crops combined with farming 
of animals (mixed farming)(01.3Z)

General farm workers (6–21†)

Dairy farm workers (6–25†)

Cattle†† 97 256 0.43 (0.31–0.6)

1570 (±2.5) Farming of cattle (01.2A) Farm managers and supervisors (6–00†)

Farming of sheep, goats, horses, asses, 
mules and hinnies (01.2C)

General farmers (6–11)

Growing of crops combined with farming 
of animals (mixed farming)(01.3Z)

Specialised farmers (6–12.40/50)

General farm workers (6–21†)

Livestock workers (6–24†)

Dairy farm workers (6–25†)

Poultry†† 34 109 0.44 (0.26–0.71)

84 310 (±13) Farming of poultry (01.2G) Farm managers and supervisors (6–00†)

Growing of crops combined with farming 
of animals (mixed farming)(01.3Z)

General farmers (6–11)

Poultry farmer (6–12.60)

Farm worker (general)(6–21.05)

Poultry farm workers (6–26†)

Pigs†† Farming of swine (01.2E) Farm managers and supervisors (6–00†) 39 115 0.48 (0.3–0.76)

1510 (±2.1) Growing of crops combined with farming 
of animals (mixed farming)(01.3Z)

General farmers (6–11)

Livestock farmer (6–12.40)

General farm workers (6–21†)

Livestock worker (general) (6–24.10)

Pig farm workers (6–24.40)

Work with grains 25 45 0.72 (0.36–1.4)
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INRS Work Environment Group Sector/activity (NAF code*) Occupation/process (ISCO code†) Cases Controls

OR§ 95% ClMean UE/m3(±SD)‡ N N

6000 (±8.6) Growing of cereals and other crops n.e.c. 
(01.1A)

Farm managers and supervisors (6–00†)

Growing of fruit (except grapes) (01.1F) General farmers (6–11)

Agricultural service activities (01.4A) Specialised farmers (6–12.20/30/70)

Manufacture of grain mill products. 
starches and starch products (15.6*)

General farm workers (6–21†)

Field crop and vegetable farm workers 
(6–22†)excluding 6–22.40 and 6–22.60

Grain millers and related workers (7–71†)

Agri-transformation/agri-food

Flour manufacturing 2 2 - -

280 (±7.7) Flour milling (15.6A) Grain millers and related workers (7–71†)

Coffee-roasting plant and tea 
trading

4 4 - -

140 (±3.4) Processing of tea and coffee (15.8P) Tea, coffee and cocoa preparers (7–77†)

Sugar production 1 2 - -

130 (±4.0) Manufacture of sugar (15.8 hour) Sugar processers and refiners (7–72†)

Bakeries 48 44 1.07 (0.64–1.81)

49 (±7.4) Bakery and bakery confectionery (15.8C) Bakers, pastry cooks and confectionery 
makers (7–76†)

Grain transport 8 14 0.4 (0.13–1.23)

2150 (±9.0) Growing of cereals and other crops n.e.c. 
(01.1A)

Farm machinery operators (628†)

Growing of fruit (except grapes) (01.1F) Motor vehicle drivers (9–85.50/60)

Agricultural service activities (01.4A)

Manufacture of grain mill products. 
starches and starch products (1.56*)

Slaughterhouses 30 25 1.07 (0.55–2.09)

51 (±6.8) Production and preserving of meat (15.1A) Butchers and meat preparers (7–73†)

Production and preserving of poultry meat 
(15.1C)

Meat processing 22 19 1.41 (0.63–3.13)

23 (±3.6) Industrial production of meat products 
(15.1E)

Butchers and meat preparers (7–73†)

Cooked meats production and trade 
(15.1F)

Waste collection and treatment 26 43 0.51 (0.27–0.95)

Waste collection and treatment Sewage and refuse disposal. sanitation and 
similar activities (90.0*)

Charworkers, cleaners and related workers 
(5–52†)

103 (±3.1) Stationary engine and related equipment 
operators not elsewhere classified 
(9–69.50/60/90)

Material handling equipment operators not 
elsewhere classified (9–79.30/90)

Motor vehicle drivers (9–85.50/60/90)

Labourers (9–99.10)

Wood industry

Sawmills 80 69 1.36 (0.9–2.07)

190 (±5.7) Manufacture of wood and of products of 
wood and cork, except furniture;

Sawyers, plywood makers and related 
wood-processing workers (7–32†)

manufacture of articles of straw and 
plaiting materials (20*)

Cabinet makers and related woodworkers 
(8–1†)

Carpenters, joiners and parquetry workers 
(9–54†)

Textile industry

Cotton 19 17 1.03 (0.28–3.74)

4540 (±15) Preparation and spinning of textile fibres 
(17.1A/M)

Fibre preparers (7–51‡ excluding 7–51.20)

Cotton-type weaving (17.2A) Spinners and winders (7–52†)

Table 2  continued 
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INRS Work Environment Group Sector/activity (NAF code*) Occupation/process (ISCO code†) Cases Controls

OR§ 95% ClMean UE/m3(±SD)‡ N N

Manufacture of made-up textile articles, 
except apparel (17.4*)

Weavers and related workers (7–54†)

Manufacture of other textiles (17.5A/C/
E/G)

Spinners, weavers, knitters, dyers and 
related workers not elsewhere classified 
(7–59.20/25)

Wool 12 8 2.25 (0.75–6.75)

83 (±24) Preparation and spinning of textile fibres 
(17.1C/E/F)

Fibre preparers (7–51†)

Textile weaving (17.2C/E) Spinners and winders (7–52†)

Manufacture of carpets and rugs (17.5A) Knitters (7–55†)

Manufacture of knitted and crocheted 
fabrics (17.6Z)

Spinners, weavers, knitters, dyers and 
related workers not elsewhere classified 
(7–59†)

Manufacture of knitted and crocheted 
hosiery (17.7A)

Manufacture of knitted and crocheted 
pullovers, cardigans and similar articles 
(17.7C)

Medical/veterinary/research 
sectors

Veterinary clinics 1 3 - -

2.9 (±2.1) Veterinary activities (85.2Z) Veterinarians (0–65†)

Veterinary assistants (0–66†)

Practical aid (veterinary) (5–99.60)

Dental offices 6 5 2.73 (0.65–11.04)

4.1 (±3.3) Dental practice activities (85.1E) Dentists (0–63†)

Dental assistants (0–64†)

Nursing aids (5–99.40)

Other industries

Cigarette/cigar manufacture 4 - - -

29 (±3.5) Manufacture of tobacco products (16.0*) Tobacco preparers and tobacco product 
makers (7–8†)

Paper factory 18 17 1.13 (0.46–2.78)

69 (±7) Manufacture of pulp, paper and paper 
products (21*)

Paper pulp preparers(7–33†)

Paper makers (7–34†)

Paper and paperboard products makers 
(9–1†)

*All four-digit codes within that code were considered. 
†all five-digit codes within that code were considered.
‡Concentrations of airborne endotoxins expressed as endotoxins units (EU)/m3. 
§OR adjusted for age at interview, department, sex, Comprehensive Smoking Index (CSI), number of job periods, education and occupational exposure to asbestos. The never 
exposed to endotoxins are always the reference group. 
¶Never means having no job in work environment group potentially exposed to endotoxins. 
**Ever means having held at least one job in work environment group potentially exposed to endotoxins. 
††Subjects, having declared a number of heads higher than the median for the specific questionnaire, were also included.
ISCO: International Standard Classification of Occupations; NAF: Nomenclature d'Activités Françaises.

Table 2  continued 

Workplace

associations. For example, Enterobacter agglomerans is predom-
inant in the poultry industry, whereas Escherichia coli, Proteus 
and Acinetobacter spp are common in the agriculture sector.7 32

No study on the association with lung cancer has been 
conducted to date which directly measures endotoxin exposure 
obtained by personal or environmental sampling. On the other 
hand, few studies have attempted qualitative or quantitative 
estimates of duration or intensity of the exposure, and most of 
them argue in favour of the existence of a dose–effect relation-
ship.

Our results suggest that lung cancer risk is reduced with 
increasing duration of exposure to  endotoxins. Most studies 

carrying out similar investigations found similar results,2 14 33 
with a few exceptions.3 34

Results based on proxies of intensity of exposure also seem to 
converge towards a dose-dependent effect. In a cohort study on 
agriculture workers, it was observed that  lung cancer risk was 
reduced with increasing number of livestock and with raising 
poultry,35 similar to the results already mentioned for dairy 
farmers.15

A  few studies have tried to set up job exposure matrices 
but  their conclusions are contradictory. A protective role of 
endotoxins has been demonstrated in a cohort of cotton industry 
workers, with an effect dependent on the cumulative dose.36 
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Figure 1  (A) Spline graphs showing the association between lung cancer risk and duration of exposure to endotoxins; (B) Spline graphs showing the 
association between lung cancer risk and time since cessation of exposure to endotoxins.
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Table 4  Association between lung cancer and exposure to endotoxins by smoking status

Never/light smokers* Heavy smokers†

Cases Controls OR‡ 95% Cl Cases Controls OR‡ 95% Cl p-Value 
Interaction§

N N N N

Exposure to endotoxins

Never¶ 559 2090 1.00 Reference 1873 797 1.00 Reference

Ever** 92 505 0.64 (0.49 to 0.85) 373 152 0.87 (0.7 to 1.1) 0.01

Duration of exposure (years)

≤6 37 129 1.13 (0.75 to 1.7) 142 56 0.96 (0.67 to 1.36)

6–14) 24 119 0.72 (0.44 to 1.20) 87 30 1.15 (0.73 to 1.80)

>14–34 17 116 0.53 (0.30 to 0.96) 69 42 0.62 (0.40 to 0.95)

>34 13 141 0.26 (0.14 to 0.51) 72 24 0.81 (0.48 to 1.33)

Missing 1 3 0.01

Cumulative exposure (UE*years)¶

Quartile 1 43 109 1.66 (1.1 to 2.5) 126 56 0.97 (0.68 to 1.38)

Quartile 2 19 125 0.6 (0.34 to 1.01) 129 42 1.03 (0.7 to 1.52)

Quartile 3 21 128 0.57 (0.34 to 0.95) 66 33 0.61 (0.38 to 0.98)

Quartile 4 8 143 0.14 (0.06 to 0.32) 49 20 0.8 (0.45 to 1.4)

Missing 1 3 1 0.0003

Time since cessation of exposure (years)

≤5 10 143 0.28 (0.14 to 0.57) 62 29 0.88 (0.54 to 1.43)

>5–21 18 127 0.42 (0.23 to 0.75) 82 32 0.92 (0.59 to 1.44)

>21–39 27 112 1.02 (0.64 to 1.62) 121 55 0.9 (0.62 to 1.29)

>39 36 123 0.93 (0.6 to 1.43) 106 36 0.81 (0.53 to 1.24)

Missing 1 2 0.007

p value§=0.007

*Never/light smokers were subjects with Cumulative Smoking Index (CSI)≤1. 
†Heavy smokers were subjects with CSI>1 
‡OR adjusted for age at interview, department, sex, number of job periods, education and occupational exposure to asbestos. The never exposed to endotoxins are always the 
reference group. 
§p Value for interaction between endotoxins and smoking status (using the likelihood ratio test). 
¶Never means having no job in work environment group potentially exposed to endotoxins. 
 **Ever means having held at least one job in work environment group potentially exposed to endotoxins.

Workplace

However, other research, including the pooled analysis of case–
control  studies conducted in the framework of the SYNERGY 
project, found a procarcinogenic association with cumulative 
exposure to endotoxins.25 27

High exposure to endotoxins seems to be decreasingly but 
significantly associated with lung cancer over time, even decades 
after cessation, but the slight decrease of risk stopped earlier in 
the low exposure group. Two studies suggested that the effect of 
endotoxin could be attenuated after cessation of exposure, and 
hypothesised that there is involvement of some form of immu-
nological memory, as endotoxins do not bioaccumulate.33 37 
Another study found that the protective role of endotoxins was 
persistent after 10 years of cessation of exposure.36

The large number of subjects in our study allowed us to 
investigate the association between endotoxin exposure and 
lung cancer by subgroups. Thus, it was possible to stratify by 
smoking status, which has never been explored in detail previ-
ously. A strong inverse association of endotoxin exposure and 
lung cancer was found among light or never smokers, while it 
was almost completely masked by heavy smoking habits. Endo-
toxins seemed to modify the impact of carcinogenic substances 
(daily use of diesel tractors) similarly, in a recent cohort study.38

We have no clear explanation for our result, but an involve-
ment of gene–environment interactions might be hypothesised, 
at the risk of some speculation, based on findings in the liter-
ature. For example, CD14 is a co-receptor of endotoxins that 

plays an important role in the regulation of inflammatory 
response to these molecules. A single nucleotide polymorphism 
of CD14 has been shown to be associated differently with respi-
ratory function in light and heavy smokers.39

We also carried out for the first time a detailed analysis by lung 
cancer histology. Pronounced inverse associations were shown, 
mainly in the subgroup with high exposure to endotoxins, 
particularly with adenocarcinoma, similar to the above-men-
tioned study on diesel use.38

In our data, the inverse association between occupational 
exposure to endotoxins and lung cancer was stronger among 
subjects with a history of asthma, for workers  both weakly 
and highly exposed. Reduced lung cancer risk in subjects with 
asthma might  be the result of lifestyle changes related to the 
presence of the disease, particularly as regards tobacco smoke.40 
Indeed, we verified that in our analysis 70% of subjects who had 
a history of asthma were never or light smokers. However, only 
a few subjects had a history of asthma and our results should be 
interpreted with caution.

Strengths and limitations
ICARE is one of the largest multicentre population-based case–
control studies on occupational risk factors for lung cancer 
ever conducted. Incident cases were identified in collaboration 
with the French network of cancer registries, which allowed 
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Workplace

us to recruit virtually all lung cancer cases in the depart-
ments  covered. Furthermore, the 11 departments included in 
the study comprised a considerable fraction of the French popu-
lation (13%), providing a broad view on a variety of situations 
with endotoxin exposure.

To our knowledge, this is the first report that scans a wide 
range of industries and environments exposed to endotoxins. 
Work environments were first identified by cross  referencing 
two coding systems: one for the tasks and duties undertaken 
in each job (ISCO codes) and one for the activity sectors (NAF 
codes). An exposure level was attributed thereafter to each work 
environment, based on a thorough review of the measurements 
reported in the literature. These stringent criteria helped us 
to minimise misclassification bias, although they might  have 
reduced the number of exposed subjects in some cases.

Reduced  risk has been attributed to residual confounding 
by smoking in some studies on endotoxin exposure.41 In our 
study, the three most important components of smoking history 
were  incorporated in the CSI, a comprehensive and well-vali-
dated index.21 In addition, the large number of subjects allowed 
us to stratify in order to carefully evaluate the interactions with 
smoking.

We could stratify also according to a history of asthma. As this 
was a case–control study, where data were collected retrospec-
tively, it is possible that cases declared their history of respiratory 
diseases more accurately than controls. However, subjects were 
interviewed using a standardised questionnaire not focusing 
only on their respiratory history, thus  minimising any differ-
ence among cases and controls in the probability of reporting 
errors. In addition, although the term ‘asthma’ is not ambiguous, 
we preferred to exclude from our analysis those subjects who 
reported a double respiratory history of asthma and chronic 
bronchitis, as they might represent special situations that could 
affect our results.

Our study had some potential limitations. Misclassification 
may occur when retrospectively assessing occupational expo-
sures. The coders were blind to the case–control status of the 
subjects, so reducing the possibility of differential misclassi-
fication that could result in an average bias towards the null. 
Our study did not have specific endotoxin measurements for 
each subject and for each sector. Furthermore, we considered 
that endotoxin exposure doses were stable, although variability 
according to season and among study subjects even within the 
same industry and in the same task has often been reported. The 
relatively recent development of endotoxin measurement tech-
niques should encourage their inclusion in the protocol of future 
epidemiological studies.9

In conclusion, we provide evidence that occupational expo-
sure to endotoxins reduces the incidence of lung cancer, partic-
ularly, but not exclusively, in subjects with high exposure levels 
and in never/light smokers. A dose–response trend has been 
demonstrated, and the effect diminished over time after expo-
sure removal. Nevertheless, further investigations are necessary 
to replicate these results in a larger population. More research 
into the mechanisms of activity of endotoxin could also provide 
useful information for lung cancer prevention and treatment 
strategies.
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