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Abstract

Background Ultrafine particles are present in ever greater quantities in the workplace and only one epidemiological
study to date has found an association with the occurrence of lung cancer.

Objective To investigate the effect of occupational exposure to ultrafine particles on the risk of lung cancer.

Methods The ARDCO is a surveillance program involving retiree workers who had been exposed to asbestos during
their working life. Exposure to ultrafine particles over the complete lifetime occupational history was assessed using
the French job exposure matrix MATPUF. Cox proportional hazard models were used to estimate hazard ratios (HRs)
and 95% confidence intervals (95% Cl).

Results There was no association between exposure to ultrafine particles and lung cancer after adjustment for
smoking and exposure to asbestos and crystalline silica.

Conclusion The findings do not indicate increased risks of lung cancer for UFP after adjustment for level of exposure
to asbestos, crystalline silica, and smoking status.

Clinical trial number Not applicable.
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Introduction

In France, primary lung cancer is the second most com-
mon cancer in men, with more than 50,000 new cases in
2023, and the primary cause of cancer mortality [1]. The
prognosis is poor, with an estimated 5-year survival rate
of 20% for all stages combined [1]. A large number of
the pulmonary carcinogens known or suspected by the
International Agency for Research on Cancer (IARC) are
present in the workplace. In 1974, the IARC recognized
asbestos as a definite human carcinogen. Until its prohi-
bition in France in 1997, asbestos was used in a number
of occupational settings (shipbuilding, automobile indus-
try, construction, and public works in particular). It is
estimated that approximately 25% of men over 60 years
of age had at least one job that exposed them to asbes-
tos during their career [2]. In 2017, 4.6% of lung cancers
in men in the country were attributable to occupational
exposure to asbestos [3].

Ultrafine particles (UFPs) are defined as those with
a diameter of less than 100 nm [4]. They are emitted
unintentionally, both naturally and as a result of human
activity, and thus are distinguished from other nanoscale
particles, such as engineered nanoparticles. Due to their
main sources of emissions (thermal processes typically
involving combustion, such as engines, foundries, and
welding equipment and mechanical processes such as
machining or sanding), UFPs are present in greater quan-
tities in the workplace than in the general environment
[5, 6]. In view of the number of sectors in which asbestos
is used and UFPs are emitted, many workers may have
been simultaneously exposed to these two agents in the
workplace prior to the asbestos ban coming into effect.

Experimental data on nanoscale particles (mainly engi-
neered nanoparticles) obtained over the last 20 years
suggest a carcinogenic effect of nanoscale particles as a
result of their inflammatory and pro-oxidant activities,
which induce genotoxicity, the initiating stage of carcino-
genesis [7, 8]. However, the adverse effects of engineered
nanoparticles and UFPs share biological mechanisms
based in particular on their high surface reactivity [9,
10]. An epidemiological study reported a significant asso-
ciation between occupational exposure to UFPs and the
occurrence of lung cancer [11].

UFPs are a major component of a number of types
of outdoor air pollution; the IARC classifies UFPs as
a definite lung carcinogen for human [12]. In 2024, a
large prospective cohort study found a positive associa-
tion between airport-related UFP exposure and specific
lung cancer histologies [13]. To date, there are no data
on the effect of coexposure to asbestos and UFPs on the
occurrence of lung cancer. We assessed the association
between occupational exposure to UFPs and lung cancer
in a population of workers exposed to asbestos.
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Methods

Study population

Our study population was selected from the French
ARDCO cohort followed from 2003 to 2005, which
included 14,218 unemployed or retired workers from
four French regions; the workers had been exposed to
asbestos during their former employment. This cohort
study has previously been described [14]. The ARDCO
population was recruited through the media (unsolic-
ited applications) as well as via invitations sent by mail
to beneficiaries of the asbestos workers’ allowance, ben-
eficiaries of post-professional follow-up not renewed
for more than 2 years, inactive workers over 55 years of
age selected according to their occupational code, and
early retirees according to their declared occupational
category and by healthcare professionals. Subjects were
considered exposed to asbestos when they had previously
worked in at least one job with a non-zero exposure level
based on the expert advice of industrial hygienists.

The inclusion criteria were male subjects (given the
small number of women in the ARDCO population, we
present the results of only men) with available details of
their occupational career and codified in official job clas-
sifications. The exclusion criteria were female sex (only
737 women were included in the ARDCO study), PUF
job-exposure matrix not applicable (218 subjects), preva-
lent cases of lung cancer (26 subjects), and subjects not
found in the General Health Insurance database (for the
incidence study, 707 subjects) or in the National Direc-
tory for Identification of Physical Persons (RNIPP) data-
base (for the mortality study, 1304 subjects).

Data collection

Data on all jobs held during the career as well as the tasks
performed that exposed subjects to asbestos were recov-
ered using a self-questionnaire completed during the
SPP-A/APEXS program [14]. Occupations and industries
were coded according to the 1968 International Standard
Classification of Occupations and the International Stan-
dard Industrial Classification (second revised edition),
respectively. Information related to the age, sex, and
smoking status of each subject was collected.

Lung cancer incidence and mortality
The incidence of lung cancer was evaluated using
National Health Insurance data (declaration as a long-
term illness or as an occupational disease) until July
1, 2021. In France, all cancers must be reported to the
French National Health Insurance fund for provision of
full coverage of medical costs, including treatment. Iden-
tification of incident cases and diagnosis dates are annu-
ally obtained from the National Health Insurance.

A follow-up study of mortality was also performed. In
France, mortality data are available from the INSERM
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CEPI DC, which collects all death certificates. The vital
status of each subject in the cohort was collected from
the RNIPP up to 1 July 2019. For deceased subjects, both
underlying and contributing causes of death according to

death certificates available up to 31 December 2015 were
obtained from the INSERM CEPI DC.

Exposure assessment

In the cohort all subjects were retired at the inclu-
sion in 2003 to 2005, so cumulative exposures to
asbestos, PUF and crystalline silica were calculated
over the complete work history of each subject.

Asbestos exposure

An assessment of all jobs over the complete work history
of each subject allowed occupational hygienists to pro-
vide an accurate estimation of the occupational asbestos
exposures of the subjects in the ARDCO cohort accord-
ing to exposure duration and intensity [14]. For each job
period of a given subject, the level of exposure was classi-
fied as low (passive exposure), corresponding to a numer-
ical value of 0.01 equivalent fibers/mL; low-intermediate,
corresponding to 0.1 equivalent fibers/mL; high-interme-
diate, corresponding to 1 equivalent fibers/mL; and high,
corresponding to 10 equivalent fibers/mL. We calculated
the asbestos cumulative exposure index (CEI) over the
working life, expressed in units of exposure-years, using
the following formula: CEI = )" " ,I; * D; where n is
the number of positions held, /; is the coefficient assigned
to the exposure level of job i, and D, is the duration of
employment (years).

UFP exposure

Lifetime occupational exposure to UFPs was retrospec-
tively assessed using a job exposure matrix (JEM) specific
to UFPs, the MatPUF JEM, developed by a consortium of
industrial hygienists between 2010 and 2014 [15]. Work
processes generating unintentional nanoscale particles
were identified by conducting a comprehensive literature
review and the judgement of a panel of experts (indus-
trial hygiene, toxicology, physics, atmospheric chemistry,
and epidemiology). These work processes were linked to
occupations, as defined by the ISCO (edition 1968). Next,
two exposure parameters were evaluated for each occu-
pation by two industrial hygienists—the probability and
the frequency of exposure to UFPs. The probability was
defined as the proportion of individuals exposed to UFPs
via the implementation of work processes that generate
UFPs for a given occupation on a semi-quantitative scale
and was categorized as occupationally unexposed (0%),
possible (>10-90%), and very probable (>90%) expo-
sure. The frequency was defined as the proportion of
time during which workers were exposed to UFPs via the
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implementation of work processes that generate UFPs
for a given occupation (in a usually 8 h working day) on
a semiquantitative scale and was categorized as sporadic
(>0-5%), occasional (>5-30%), frequent (>30-70%), and
permanent (>70%) exposure. The intensity of exposure
was not available in the matrix. The unexposed category
implies that exposure in the considered occupation was
not above that of the general population. Because the
nomenclatures used to code the sectors of activity are
not identical in the ARDCO study and in the MatPUF
matrix (ISIC and NAF 2000, respectively), a transcod-
ing step was necessary to apply the MatPUF matrix to
the ARDCO cohort data. After cross-tabulation, the data
available for each job were the probability, frequency, and
duration of UFP exposure for all and each of the seven
chemical families of UFPs: metallic, mineral, carbona-
ceous, polymer, wood, PAH, and other organic (e.g., cere-
als, plant dust) particles.

Crystalline silica

Exposure to silica was characterized using a job-expo-
sure matrix developed by the French Institute for Public
Health Surveillance [16]. The Institute has developed the
Matgene program to provide JEMs adapted to the general
population in France. JEMs were drawn up by six indus-
trial hygienists who based their assessments on available
occupational measurement, economic, and statistical
data, and several thousand job descriptions obtained from
epidemiological studies performed in France. For each
job classified in the international classifications and for
different time periods, the JEM provided the probability
of exposure the frequency and the intensity of exposure.
Subjects were classified into three categories according
to maximum probability of exposure: non-exposed, pos-
sibly exposed > 0-90%, and exposed >90%. The frequency
of exposure were expressed as percentages. The intensity
of exposure is expressed in mg/m3 and categorized into 5
classes: non-exposed, class 1 (20.00-0.1 mg/m3), class 2
(20.1 - <0.5 mg/m3), class 3 (0.5 — <1 mg/m3) and class
4 (21 mg/m3). A silica cumulative exposure index (CEI),
expressed in mg/m3-years, was calculated for each sub-
ject as follows: CEI= ¥_(i=1)"ngg (P_i*F_i*)] 1i*D_i
where n is the number of jobs, Pi, Fi, Ii and Di are respec-
tively the probability, the frequency, the intensity and the
duration of the job i. For the intensity of exposure, the
following weights were used for each class: 0 for non-
exposed; 0.06 for class 1, 0.3 for class 2, 0.75 for class 3
and 5 for class 4. The duration is expressed in years.

Statistical analysis

First, we described the main characteristics of the popu-
lation, asbestos exposure parameters according to UFP
exposure, and exposures to asbestos, silica, and UFPs.
The correlation between the different exposures (CEI
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asbestos, CEI silica and PUF) are checked with a Pearson
coefficient. To assess the effect of occupational exposure
to UFPs, Cox proportional hazard models were used to
estimate the association between occupational exposure
to any and each of the seven chemical families of UFPs
and lung cancer in univariate and multivariate analyses.
Analyses were performed for lung cancer occurrence
(incidence population) and death (mortality population)
separately. Age was the main time variable in addition
to age at initial inclusion in the cohort. The assumption
of proportionality of risks was tested using Schoenfeld
residuals [17]. The cut-off date was 31 December 2015 for
the mortality analysis and 1 July 2021 for the incidence
analysis (data available at this date). In the first models,
the adjustment variable was smoking status at inclusion,
cumulative asbestos exposure index, and cumulative
silica exposure index. Analysis on lung cancer mortality
were presented in supplemental file 1.

The adjustment variables were smoking status at inclu-
sion, cumulative asbestos exposure index, and cumulative
silica exposure index. Because information on smoking
status was missing for more than 30% of the subjects,
multiple imputation was performed using the multiple
imputation by chained equation (MICE) method [18].
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Correction for multiple comparisons was performed
using the Bonferroni method.

Results

Figure 1 shows the selection of subjects for the study.
Subjects who died between their inclusion in the SSP-
APEXS program and the re-evaluation of their occupa-
tional calendar by industrial hygienists were excluded
from the ARDCO cohort. The following subjects were
also excluded: 423 with an incomplete work history,
1429 subjects for whom the industrial hygienists” exper-
tise carried out during ARDCO led to a conclusion of
no exposure to asbestos over the entire working career,
737 women, and 218 subjects for whom the ISCO and/
or ISIC nomenclature were missing. For the study, 26
non-incident of lung cancer and 707 subjects not found
in the General National Health Insurance database were
excluded. In total, 12,530 subjects were included.

Table 1 shows the main characteristics of the study
population. Participants ranged in age from 37 to 90
years at inclusion, and the mean age was 63.2 years. Data
on smoking status were missing for more than 30% of the
subjects in both the incidence study. 502 lung cancers
(4.0%)) were recorded

SPP-APEXS
population
N= 16,086

—_— >

A

ARDCO
population
N= 14,218

A

— 5

4

Deceased before inclusion (N = 16)
Missing values on job (N = 423)
Non exposed (N = 1,429)

Women (N = 737)

Analysis
population
N= 13,481

Job-exposure matrix not

A

»| applicable (missing ISCO/ISIC
classification due to incomplete
data) (N = 218)

Population with exposure
assessments
N=13 263

Non-incidents lung cancer
(N =26)

Not found in the General
Health Insurance database
(N=707)

v

Unknown vital status
(subjects not found in the
RNIPP database)

(N =1,304)

A4

Population of the incidence
study
N= 12,530

Population of the mortality
study
N= 11,959

Fig. 1 Flow chart
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Table 1 Main characteristics of the population (Incidence study,
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Table 2 lists the characteristics of asbestos, silica, and

N=12530) UFP exposures in the population. The average duration
n % of exposure to asbestos was 31.4 years (range 1-55 years).
Age (years) Asbestos CEI was highly variable with a minimum of 0.01
<60 years 2718 217 units of exposure-years and a maximum of 490 units of
00-75 years 9488 27 exposure-years for a mean CEI of 60.2 units of expo-
=75 years 324 26 . s o
L sure-years. The overwhelming majority of the incidence
mfnaj;;itamdard deviation 23‘_29((’]5'5) population, 12,059 subjects (96.2%), had been exposed
) ) ) to UFPs, with a mean exposure duration of 32.5 years.
Geographic area at inclusion .
Aquitaine 503 6o Total exposure dLleathIlS ranged .from 0.5 to 53 years,
Normandie . 5o and almost two thirds of the subjects (7,436 or 61.7%)
Rhone-Alpes 6847 <47 had a frequency-weighted exposure duration of <20
Smoking habits years. The majority of subjects exposed to UFPs (11,455
Non-smokers 2574 206 subjects [95%]) had >50% probability of exposure, includ-
Ex-smokers 5968 420 ing 9,730 subjects (77.6%) for whom that probability was
Srokers 226 58 >90%. The results for asbestos, silica, and UFP exposures
Missing values 3062 316 were similar in the mortality study population (supple-
Lung cancer mental file 1). No correlation greater than 0.80 was found
Yes 500 40 between the various exposures (supplemental file 2).
Table 3 shows the asbestos exposure parameters
according to probability of exposure to UFPs. The
Table 2 Description of exposures to asbestos and ultrafine particles (Incidence study, N=12530)
Asbestos Silica UFPs
n % n % n %
Exposed
No 0 0 5408 403 471 38
Yes 12,530 100.0 7482 59.7 12,059 96.2
Maximum exposure probability (%)
>0-90 - - 4762 63.6 2329 19.3
>90 - - 2720 364 9,730 80.7
Exposure intensity -
Low 781 6.2 - - - -
Low intermediate 3514 280 - - - -
High intermediate 5242 419 - - - -
High 2993 239 - - - -
Duration of exposure (years)
<20 years 1804 144 2890 386 1,863 155
20-29 years 2362 18.9 1259 16.9 1,759 14.6
30-39 years 5454 435 2141 286 4,537 376
>40 years 2910 232 1192 159 3,900 323
Mean =+ standard deviation 314 (10.4) 24.1 (14.3) 325(11.3)
Min-Max 1-55 0.25-49 0.5-53
Frequency-weighted exposure duration (years)
<20 years - - - - 7,436 61.7
20-29 years - - - - 2,403 199
30-39 years - - - - 1,766 14.6
>40 years - - - - 454 38
Mean =+ standard deviation - - 17.2(12.0)
Min-Max - - 0.002-47.48
Cumulative asbestos exposure index f/ml-years / cumulative silica exposure index mg/m?
Mean =+ standard deviation 60.2 (99.4) 2.1(5.7) -
Median 230 042
Min-Max 0.01-490.00 0.0003-88.65 -
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Table 3 Asbestos exposure parameters according to UFPs exposure (Incidence study, N=12 530)
Not exposed to UFPs Exposed to UFPs Exposed to UFPs
(N=471) >0-90% >90%
(N=2,329) (N=9,730)
n % n % n %
Intensity of asbestos exposure
Low 124 263 225 9.7 432 44
Low intermediate 136 289 623 26.7 2,755 283
High intermediate 107 22.7 824 354 4311 443
High 104 221 657 28.2 2,232 230
Duration of asbestos exposure (years)
<20 years 94 20.0 392 16.8 1,318 13.6
20-29 years 117 24.8 489 210 1,756 18.0
30-39 years 213 452 1,028 4472 4213 433
>40 years 47 10.0 420 18.0 2,443 251
Mean +standard deviation 28.2(10.4) 30.1(10.6) 31.9(10.2)
Min-Max 1-47 1-53 1-55
Cumulative asbestos exposure index in f/ml-years
Mean +standard deviation 59.5(112.1) 73.7(112.8) 57.0 (95.0)
Min-Max 0.02-430.0 0.01-460 0.01-490

Table 4 Association between exposure to ultrafine particles and
lung cancer (Incidence study, N=12 530)
Univariate model

Multivariate model

HR Cl95% HR'  Cl195%

Smoking status
Non-smokers 1 1
Ex-smokers 2.04 1.52-2.75 2.01 1.49-2.71
Smokers 456 3.22-647 453 3.19-643
CEI* asbestos for 1.001  1.000-1.002 1.001  1.000-1.002
anincrease of 1 f/
ml-year
CEl silica for an 0.99 0.96-1.01 0.99 0.96-1.01
increase of 1 mg/
m3-year
Exposed all UFPs

No 1 1

Yes 1.05 0.66-1.68 1.08 0.67-1.73

*Cumulative exposure index

"Hazard ratio adjusted for smoking status (imputed missing data with MICE
method), CEl to asbestos and CEl to silica

proportion of subjects exposed to asbestos at a high
intermediate level was larger in subjects exposed to
UFPs. The mean duration of exposure to asbestos and
the cumulative asbestos exposure index were similar for
those not exposed (28.2 years and mean CEI 59.5 f/mL
years, respectively) and those exposed (31.5 years and
mean CEI 60.3 f/mL years) to UFPs. The asbestos expo-
sure parameters according to UFP exposure in the mor-
tality study (supplemental file 1) were similar to those in
the incidence study.

Tables 4 and 5 summarizes the risk of lung cancer
according to UFP exposure. Data were adjusted for
smoking status, asbestos CEI, and silica CEI. Overall, 18
incident cases of lung cancer (i.e., 3.6%) were identified in

subjects not exposed to UFPs and 484 cases (i.e., 96.4%)
in those exposed to UFPs.

The largest number of incident cases of lung cancer
was found in subjects exposed to carbonaceous UFPSs
(416), PAH UFPs (416), and metallic UFPs (371). Only
nine incident cases of lung cancer were found in subjects
exposed to polymer UFPs. No excess of lung cancer was
identified in association with UFP exposure (HR 1.08
[95% CI 0.67—1.73]) after adjustment. The various chemi-
cal families of UFPs yielded similar results. The associa-
tion with exposure to wood UFPs, however, approached
statistical significance (HR 1.16 [95% CI 0.96—1.40]). The
results were close in the mortality study (Supplemental
file).

Discussion

This study, based on a large cohort of subjects who had
been exposed to asbestos with a follow-up of more than
20 years, suggests that occupational exposure to UFPs
is not associated with an increased risk of lung cancer.
The association with wood UFPs approached statistical
significance.

To the best of our knowledge, no study has investigated
occupational exposure to UFPs in a population exposed
to asbestos. Experimental studies suggest that nanoscale
particles exhibit genotoxicity, the initial stage of carcino-
genesis. Exposure to these particles can cause an inflam-
matory reaction by triggering the secretion of cytokines
and the recruitment of immune cells locally and systemi-
cally [19]. The interdependence between inflammation
and oxidative stress has been confirmed [20]. During
inflammation, activated phagocytic cells such as neutro-
phils and macrophages produce large amounts of reac-
tive oxygen species (ROS), disrupting the pro/antioxidant
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Table 5 Association between exposure to specific exposure
parameters of ultrafine particles and different class of UFPs and
lung cancer (Incidence study, N=12 530)

Univariate Multivariate
model model
Lung HR Cl95% HR' C195%
cancer

Frequency-weighted
exposure duration
(years)
Not exposed 18 1 1
<20 years 291 103 064-166 105 065-1.69
20-29 years 97 1.06 064-1.75 111 067-1.84
30-39 years 75 111 066-186 1.13 067/-1.89
>40 years 21 118 063-222 1.16 062-2.18
Not exposed 18 1 1
<15 (median) 248 1.07 066-1.73 109 067-1.76
>15 236 118 063-222 107 066-1.73
Exposed to metallic
UFPs

No 131 1 1

Yes 371 101 083-123 101 082-123
Exposed to mineral
UFPs

No 204 1 1

Yes 298 1.04 087-124 1.06 088-1.27
Exposed to carbona-
ceous UFPs

No 86 1 1

Yes 416 112 089-142 112 089-142
Exposed to wood
UFPs

No 346 1 1

Yes 156 115 095-139 1.16 096-140
Exposed to polymer
UFPs

No 493 1 1

Yes 9 114 059-220 1.09 056-2.12
Exposed to PAH UFPs

No 86 1 1

Yes 416 113 090-143 1.13 090-143
Exposed to other
organic UFPs

No 455 1 1

Yes 47 149 1.10-202 127 093-1.74

! Hazard ratio adjusted for smoking status (imputed missing data with MICE
method), cumulative exposure index to asbestos and cumulative exposure
index to silica

balance, i.e., creating oxidative stress. Moreover, the pres-
ence of nanoscale particles in contact with epithelia or
after phagocytosis leads to ROS production. This is likely
because of the presence of metals (e.g., iron, copper,
chromium) and organic molecules (PAHs) with redox
properties on the particle surface, which is particularly
true for UFPs because of their main sources of emission
[21]. ROS initiate an oxidation-reduction chain reaction
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that creates lesions in DNA (genotoxicity) such as single-
strand breaks or oxidized nucleic bases [22].

DNA damage can lead to mutations (base pair substitu-
tions, additions, deletions), which may affect genes linked
to tumorigenesis (tumor suppressor genes, oncogenes)
[23]. However, asbestos and nanoscale particles share
mechanisms of toxicity [19, 23], namely, saturation of
macrophages and induction of inefficient phagocytosis at
the alveolar level, leaving to oxidative stress and chronic
inflammation at the local and systemic level. Dur-
ing chronic exposure to these two agents, a saturation
threshold of the toxicity mechanisms could be reached,
due to the similar toxicity mechanisms of UFPs and
asbestos, which would explain the absence of an excess
risk of lung cancer in this study.

The only epidemiological data on the link between
occupational exposure to UFPs and lung cancer come
from a French population-based case-control study
published in 2020 [11], which indicated an association
between occupational exposure to UFPs and the occur-
rence of lung cancer in a population of 4620 men (OR
1.51 [95% CI 1.22—-1.8]). Exposure to UFPs was character-
ized using the MatPUF matrix. Unlike the present study,
however, the population of the previous study was drawn
from the general population, a proportion of which had
not been exposed to asbestos (data not available). A 2024
cohort study suggested an association between the long-
term average outdoor ultrafine particle number concen-
tration and lung cancer mortality [24], confirming prior
reports [13, 25].

As expected, the effect of smoking on lung cancer is
predominant in this cohort, and adjustment does not
alter the associations between the different exposure fac-
tors and lung cancer.

The ARDCO cohort is large and has a long follow-up,
promoting investigation of the association between occu-
pational exposure to UFPs and the occurrence of lung
cancer with adjustment for crystalline silica exposure.
The assessment of asbestos exposure is another strength
of this study. The level of exposure to asbestos over the
complete working life was assessed for each subject by
experts (industrial hygienists) according to a standard-
ized method. However, there is no standardized method
for measuring UFP exposure (e.g., the types of monitors
and measurements, i.e., personal versus ambient) and the
results (e.g., the measured parameter as mass, number, or
surface area) in workplace studies. Although recommen-
dations and standards exist, the occupational exposure
data available are highly heterogeneous, hampering their
use for epidemiological purposes [6, 26]. In this context,
MatPUF JEM enables standardized and reproductible
exposure assessment [15]. However, like other JEMs, the
MatPUF JEM does not take into account the variability
of exposure in the same occupation, which is likely to
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lead to non-differential misclassification and a loss of
power in an epidemiological study [27]. Moreover, Mat-
PUF provides data only on the probability and frequency
of exposure to UFPs. The evaluation of the parameter
‘intensity’ of exposure for each occupation is absent from
the available version of MatPUF because of the hetero-
geneity of the exposure data in the literature [15]. There-
fore, because it was not possible to assess a cumulative
exposure index, we used the frequency-weighted expo-
sure duration as a proxy of the cumulative dose. How-
ever, UFPs exposure is ubiquitous at the workplace and
we were unable to take into account exposure to UFPs in
ambient air, it is highly probable that the longest duration
of exposure categories may include subjects with high
intensity of exposure as well as those with low or very low
intensity of exposure, leading to ORs close to 1.

This study had several other limitations that need to be
discussed. First, the health insurance data for morbidity
have bias in terms of the lack of completeness of reported
cases. A 2013 French study showed a slight underestimate
of the number of lung cancers estimated from ALD data
compared to that estimated from cancer registries [28].
However, although it cannot be eliminated completely,
the risk of double reporting (declaration as a long-term
illness and as an occupational disease), linked to the long
evolution of certain diseases, is considerably limited for
lung cancer in view of its seriousness. Missing data on
tobacco were also imputed, in analyses where all of the
missing data were smokers or none were, the results were
similar (data not shown). In addition, the large propor-
tion of subjects exposed to UFPs (96.2%) may explain the
lack of discrimination. Finally, we did not evaluate several
exposure parameters that could cause residual confound-
ing, such as exposure to welding fumes and/or radon.

Conclusion

Using the ARDCO cohort, we investigated the associa-
tion between occupational exposure to UFPs and lung
cancer (incidence and mortality) in more than 12,000
subjects with occupational exposure to asbestos. The
findings do not indicate increased risks of lung cancer for
UEP after adjustment for level of exposure to asbestos,
crystalline silica, and smoking status.
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