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ABsTrACT
Background: This study aimed to explore the association between occupational exposure to diesel exhaust (DE) and 
gynaecological and breast cancers. Methods: A systematic review was performed to identify cohort studies reporting 
results on the association between occupational exposure to DE and risk of gynaecological and breast cancers. STROBE 
guidelines and PECOS criteria were followed. We identified 6 studies for breast cancer (BC), 4 for cervical cancer 
(CC), 4 for endometrial cancer (EC) and 7 for ovarian cancer (OC). Random-effects meta-analyses were conducted 
on the relationship between DE exposure and BC, CC, EC, and OC risk; 95% Confidence Intervals (CI) and predic-
tion intervals (PI) were reported. We investigated between-study heterogeneity and potential publication bias using 
Egger’s test. Results: No associations were observed between occupational DE exposure and risk of BC [RR=0.93; 
CI: 0.77-1.13; PI:0.50-1.73, I2=80.31% (CI: 21.72-95.05%)], EC [RR=0.89; CI:  0.75-1.05; PI:0. 61-1.30, 
I2=0.78% (CI: 0-85.57%)], and OC [RR=1.08; CI: 0.89-1.32, PI: 0.76-1.56, I2=11.87% (CI:  0-74.42%)].  
A weak association was observed for CC [RR=1.41; CI: 1.17-1.17; PI:0.85-2.30, I2=6.44% (CI: 0-86.40%)].  
No between-study heterogeneity or publication bias was detected. Conclusions: This study identified an association 
between DE exposure and CC, which was not adjusted for potential confounders. No evidence of an association was 
found with BC, EC, and OC.

1. InTroduCTIon

Diesel engines are used in a wide range of indus-
trial applications and, therefore, occupational expo-
sure to diesel exhaust (DE) is common. Exposed 
workers include mechanics, warehouse workers, 
professional drivers, shipping, and railroad work-
ers, as well as miners and construction workers and 
other industries where diesel-powered vehicles and 
tools are applied [1].

DE is primarily composed of gases (e.g., carbon 
monoxide and nitrogen oxides), vapours, aerosols, 
and particulate matter consisting of solid carbona-
ceous particles which may become chemically active 
when are adsorbed to metallic particles and poly-
cyclic aromatic hydrocarbons (PAH), in particular 
 nitro-PAH [2]. Exposure to these pollutants may 
lead to a variety of symptoms and diseases, from acute 
manifestations (e.g.: eyes, nose, throat and lung ir-
ritation, headache, dizziness, coughing, phlegm, and  
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nausea) to chronic ones (cardiovascular diseases, 
respiratory infections, and lung cancer) based on 
duration and intensity of exposure. However, the 
relative importance and underlying mechanisms of 
the different constituents of DE to the observed ef-
fects have not yet been fully understood.

According to the International Agency for Re-
search on Cancer (IARC) evaluation in 2012, DE 
is classified as a Category 1 carcinogen to humans 
based on evidence in epidemiological studies that 
occupational exposure is associated with an in-
creased risk for lung cancer [3]. DE is also suspected 
to be linked to other cancers, including cancers of 
the bladder, larynx, stomach, liver, pancreas, and 
ovary [4-8]. However, DE carcinogenicity in hu-
mans has not yet been fully investigated [3].

While there are suggestions in the scientific litera-
ture that occupational exposure to DE may increase the 
risk of early-onset estrogen receptor-negative breast 
cancer (BC) in women [2, 9, 10] and that of ovarian 
cancer (OC) [11], it is not yet clear if DE exposure 
can be considered an occupational risk factor for these 
and other gynecological cancers such as cervical cancer 
(CC), endometrial cancer (EC), fallopian tube cancer 
(FTC) and vaginal and vulvar cancer (VVC).

To our knowledge, no meta-analyses have been 
conducted on occupational DE exposure and female 
cancers. For this reason, considering the limited 
information available, we conducted a systematic 
review and metanalysis aimed at investigating the 
association between occupational exposure to DE 
and risk of BC and gynaecological cancers, includ-
ing CC, EC, OC, FTC and VVC.

2. MeThods

2.1 Identification and Selection of Studies

We conducted a systematic review in accord-
ance with the guidelines outlined in the Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) statement [12]. A study pro-
tocol was registered in the PROSPERO database 
(Registration No. 352729). The inclusion criteria for 
study selection followed the PECOS framework 
(Population; Exposure; Comparators; Outcomes; 
Study Design) [13].

Our search strategy implied first the inclusion 
of the publications listed in the most recent IARC 
Monograph on Diesel Engine Exhaust (DE) [3]. 
In addition, we searched the PubMed database for 
studies published subsequent to the IARC report, 
focusing on research concerning occupational expo-
sure to DE and its association with various types of 
cancer, excluding lung cancer. The PubMed search 
was conducted independently by two authors (GC, 
FT) using the search string “(diesel OR miner OR 
garage OR railway OR ((truck OR bus) AND driver) 
OR (heavy equipment OR docker)) AND (cancer 
OR neoplasm)” to identify industry-based studies 
 reporting results on the risk of cancer among work-
ers exposed to DE in sectors such as railway, trans-
portation, construction, and mining. Furthermore, 
we supplemented our search with reports found in 
the reference lists of the identified articles. When 
multiple studies were based on the same population, 
we included only the most informative one, typi-
cally the one reporting the largest number of cases 
or deaths. An overlap of less than 10% was consid-
ered acceptable, and therefore studies with minimal 
overlap were treated as independent. We excluded 
studies lacking references to DE exposure, those 
involving non-occupational exposure, those lacking 
data on cancers other than lung cancer, and those 
with a design other than cohort or case-control 
nested in a cohort (Figure 1).

2.2 Data Extraction

Data were extracted into pre-defined forms. The 
following information was pulled from the studies:

 - Sociodemographic factors;
 - Occupation and industry type;
 - Person-years of observation;
 - Type of cancer – including ICD code with 

version;
 - Measure of association, such as odds ratio 

(OR), risk ratio, rate ratio, standardized mor-
tality ratio (SMR), or standardized incidence 
ratio (SIR), collectively referred to as relative 
risk (RR), with corresponding 95% Confi-
dence Intervals (CI);

 - Factors adjusted for in the analysis;
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Figure 1. Flow diagram of the study selection process.
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All statistical analyses were performed using 
STATA, version 17.0 (Stata Corp LLC, College 
Station, TX, US). Meta-analyses were reported 
following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 
guidelines [14]. The PRISMA checklist is available 
in Table S1.

3. resulTs

3.1 Study Search and Study Characteristics

First, 19 reports were identified in the IARC 
monograph [3] and included in the systematic 
review. The PubMed literature search to include 
studies reported after the publication of the IARC 
monograph resulted in 2,062 articles, of which 
1,982 articles were excluded based on title and 
abstract, and 78 were excluded after review of the 
full text. Therefore, 2 new studies were included 
in the review, together with 9 non-overlapping 
reports identified from the reference lists of the 
papers identified in the preceding steps. A final 
number of 30 articles underwent full review, and  
5 of them were included in the final analysis re-
garding gynecological and breast cancer. Among 
the 5 studies included for systematic review, 4 re-
ported risk estimates for BC, CC, and EC, 1 for 
FTC, 5 for OC and 2 for VVC (Figure 1). Four 
studies were conducted in Europe, specifically in 
the Nordic countries, and one was conducted in 
the USA. Selected characteristics of the studies 
included in the review and meta-analysis are pre-
sented in Table 1. Risk of FTC and VVC were 
not further investigated due to the small number 
of studies available.

3.2 Breast Cancer

This meta-analysis included 4 studies, which re-
ported 6 risk estimates (4 regarding BC in women 
and 2 regarding BC in men). The forest plot is 
shown in Figure 2. Overall, the RR of BC was 0.93 
[95% CI: 0.76-1.12, 95% PI: 0.50-1.72]. The leave-
one-out meta-analysis indicated that no single study 
exerted a disproportionately large influence on the 
estimation of the overall effect size when compared 

 - Characteristics of the study population, such 
as the number of subjects included and the 
number of cases).

The dataset was then organized by type of cohort 
study (historical vs. prospective), follow-up period, 
geographic region, and outcome (incidence vs. mor-
tality). Additionally, when available, we extracted 
results on dose-response analysis for various indica-
tors of DE exposure.

2.3 Statistical Analysis

We conducted a quality assessment of the in-
cluded studies using the CASP checklist [14], con-
sisting of 11 items totalling 14 points. The final 
score was determined by averaging the results ob-
tained independently by two authors (GC and FT). 
We generated a dichotomous variable, categoriz-
ing studies scoring less than 10 as “low quality” and 
those scoring 10 or higher as “high quality”.

While the systematic literature review was per-
formed to identify cohort studies on occupational 
DE exposure and risk of cancers other than lung, 
the subset of studies included in this analysis per-
tains specifically to gynecological and breast can-
cers. We conducted a series of meta-analyses of 
non- overlapping studies to calculate pooled esti-
mates with 95% CI for BC, CC, EC, and OC, while 
FTC and VVC were not analysed due to the small 
number of studies available (Figure 2). Also, further 
stratified meta-analyses for any cancer type were not 
feasible due to the paucity of studies. We utilized 
the Random-Effects Sidik–Jonkman model for sta-
tistical analysis [15], reporting RRs with 95% CI. 
We considered p-values <0.05 as statistically signifi-
cant. Moreover, 95% Prediction Intervals (PI) were 
provided [16]. To assess study heterogeneity, we 
employed the inconsistency index (I² statistic) along 
with its 95% CI [17], interpreting values as follows: 
0-30% for low, 31%-60% for moderate, 61%-75% 
for substantial, and 76%-100% for considerable 
heterogeneity [18]. Furthermore, we conducted 
sensitivity analyses using multiple leave-one-out 
meta-analyses. Publication bias was evaluated us-
ing the Egger test and visual inspection of funnel 
plots [19] and Galbraith plots [20].
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Figure 2. Forest plot of a meta-analysis of cohort studies on occupational exposure to 
diesel exhaust and breast, cervical, endometrial, and ovarian cancer with a 95% prediction 
interval.
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3.5 Ovarian Cancer

This meta-analysis included 5 studies, corre-
sponding to 7 risk estimates. The forest plot is shown 
in Figure 2. Overall, the RR of OC was 1.08 [95% 
CI: 0.89-1.32, 95% PI: 0.76-1.56]. The leave-one-
out meta-analysis indicated that no single study 
exerted a disproportionately large influence on the 
estimation of the overall effect size when compared 
with the others (Figure S10). The reported hetero-
geneity statistic I2 was 11.87% [95% CI: 0-74.42%]. 
The between-study variance τ2 is estimated to be 
0.01. The Egger test for publication bias was not 
significant (p=0.64). The corresponding funnel plot 
and Galbraith plot are reported in Figures S11 and 
Figure S12. Further stratified meta-analyses could 
not be performed due to the small number of risk 
estimates available.

4. dIsCussIon

To our knowledge, this is the first systematic re-
view and meta-analysis of cohort studies to assess 
the association between occupational DE exposure 
and risk of gynecological and breast cancers. While 
the meta-analysis suggested a positive association 
between risk of CC and DE exposure, we found no 
association between DE exposure and risk of BC, 
EC, and OC. On the other hand, the results we ob-
served on CC supports the design of occupational 
interventions aimed at increasing the knowledge of 
HPV infections, and its vaccination and possibly en-
hancing access to CC screening programs [24, 25].

BC is causally associated with different reproduc-
tive factors, such as age at menarche, age at meno-
pause, parity, number of children, age at first birth, 
and use of oral contraceptives or hormonal substi-
tutive therapy [26-29]. Previous literature reported 
that night-shift work may represent an occupa-
tional risk associated with BC [30]. Several studies 
among nurses have indicated that this population 
has a higher risk of developing BC compared to the 
general female population [31-33]. The investiga-
tion of possible risk factors for BC in large female 
workers cohorts is showing associations with sev-
eral chemicals, such as benzene, solvents, and met-
als [34-37]. Limited evidence has been produced 

with the others (Figure S1). The reported hetero-
geneity statistic I2 was 80.31% [95% CI: 21.72-
95.05%]. The between-study variance τ2 is estimated 
to be 0.04. The Egger test for publication bias was 
not significant (p=0.61). The corresponding fun-
nel plot and Galbraith plot are reported in Figures 
S2 and Figure S3. Further stratified meta-analyses 
could not be performed due to the small number of 
risk estimates available.

3.3 Cervical Cancer

This meta-analysis included 4 studies, corre-
sponding to 4 risk estimates. The forest plot is shown 
in Figure 2. Overall, the RR of CC was 1.41 [95% 
CI: 1.17-1.71, 95% PI: 0.87-2.29]. The leave-one-
out meta-analysis indicated that no single study 
exerted a disproportionately large influence on the 
estimation of the overall effect size when compared 
with the others (Figure S4). The reported hetero-
geneity statistic I2 was 6.44% [95% CI: 0-86.40%]. 
The between-study variance τ2 is estimated to be 
<0.01. The Egger test for publication bias was not 
significant (p=0.87). The corresponding funnel plot 
and Galbraith plot are reported in Figures S5 and 
Figure S6. Further stratified meta-analyses could 
not be performed due to the small number of risk 
estimates available.

3.4 Endometrial Cancer

This meta-analysis included 4 studies, corre-
sponding to 4 risk estimates. The forest plot is shown 
in Figure 2. Overall, the RR of EC was 0.89 [95% 
CI: 0.75-1.05, 95% PI: 0.61-1.30]. The leave-one-
out meta-analysis indicated that no single study 
exerted a disproportionately large influence on the 
estimation of the overall effect size when compared 
with the others (Figure S7). The reported hetero-
geneity statistic I2 was 0.78% [95% CI: 0-85.57%]. 
The between-study variance τ2 is estimated to be 
<0.01. The Egger test for publication bias was not 
significant (p=0.73). The corresponding funnel plot 
and Galbraith plot are reported in Figures S8 and 
Figure S9. Further stratified meta-analyses could 
not be performed due to the small number of risk 
estimates available.
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the lack of association found in this analysis is likely 
reflecting a real lack of effect.

The significant association between DE expo-
sure and CC should nonetheless be pointed out for 
several reasons. First of all, other studies have re-
ported a significantly increased occupational risk of 
CC among female workers [22, 37]. This analysis of 
CC risk was based on 4 risk estimates, limiting the 
power of the analysis of heterogeneity and publica-
tion bias. We used the Sidik–Jonkman method for 
estimating the between-study variability (τ2) rather 
than the most popular DerSimonian–Laird method 
[52] due to the known tendency of the latter to un-
derestimate τ2 when the number of studies is small 
[53]. We also wanted to relax the assumption that 
the distribution of random effects is normal. Using 
the Random-Effects Sidik–Jonkman model, the 
confidence interval has higher coverage probabil-
ity than the commonly used interval based on the 
DerSimonian-Laird method [54], but despite this, 
the CC risk estimate is still statistically significant. 
Moreover, 3 out of 4 studies included in this meta-
analysis were classified as “high quality”, and meta-
analysis based on higher-quality studies with robust 
methodologies tend to provide more reliable evi-
dence while addressing the healthy worker survivor 
effect as well as potential information bias through 
appropriate reference selection and lag time analy-
ses. Finally, the consistency among the included 
studies in terms of the direction and magnitude of 
the effects adds strength to the conclusions drawn 
from this meta-analysis, even though, given the 
small number of studies involved, it was not possi-
ble to obtain a precise estimate of the heterogeneity 
among studies (I2 = 6.44%, 95% CI: 0-86.40%) [55].

However, the CI addresses only the precision of 
the mean estimate since it reflects only the error of 
estimation of the mean. The dispersion of true effect 
sizes is addressed by the PI, which crossed the no-
effect threshold, indicating that there are settings 
where DE exposure will have no effect or even an 
effect in the opposite direction on CC [16].

Moreover, the lack of information in all the stud-
ies included in the analysis about HPV infection 
status, and about HPV-related factors such as sexual 
habits, educational level, and screening participa-
tion rates was a major limitation. In fact, HPV is 

around DE exposure. A recent study conducted in 
Denmark (not included in the meta-analysis since 
published after the end of the systematic review) 
found no overall association between BC and DE 
in female workers, despite an increased risk of early-
onset estrogen receptor negative BC in the exposed 
was suggested [9]. Similar results were also obtained 
from a study investigating exposure to vehicle traf-
fic, which contains diesel exhaust [38]. All in all, 
studies currently do not allow to establish any causal 
relationship between occupational risk factors and 
BC [37].

Obesity is recognized as a risk factor for EC [39], 
together with hypertension, oral contraceptive use, 
and parity [40]. Limited evidence is available re-
garding occupational EC risks, and findings are not 
conclusive on any possible hazards in specific occu-
pational settings [41, 42].

OC is causally related to hormonal and reproduc-
tive factors, with an increased risk related to BMI 
and usage of hormone replacement therapy (HRT) 
and a decreased risk related to parity and the num-
ber of live births [43-45], while few publications in-
vestigated this disease in association to occupational 
exposures [46-50].

The studies included in this meta-analysis were 
not designed to investigate female cancers after 
occupational DE exposure. Report and publica-
tion bias are a possibility in these circumstances. 
Although the test for publication bias was not sig-
nificant for any cancer, the small number of studies 
reduced the power of such tests. Moreover, only two 
studies adjusted for important confounders such as 
age. The duration of the follow-up period may also 
have affected the observed results. Latency is indeed 
a major factor when considering cohort studies on 
cancer: the longer the follow-up period, the higher 
the likelihood of observing the occurrence of epi-
thelial cancers in the population [51]. Three out of 5 
studies included in this meta-analysis followed up 
workers for less than 30 years and more cases of fe-
male cancer would have been included if the studies 
had covered longer periods, with the possibility to 
detect associations that have remained hidden.

As far as the underlying mechanisms involved in 
DE carcinogenic effects on female organs are scarcely 
supported by the available literature [2, 3, 9-11],  
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studies since they provide higher-quality data and 
less opportunity for selection bias compared to case-
control or cross-sectional studies [64]. Moreover, 
the meta-analyses were performed following solid 
methodological guidelines, and 4 out of 5 studies 
included were classified as “high quality”.

However, the results should be interpreted cau-
tiously, as some limitations should be acknowledged. 
First, the scarce number of women in working co-
horts, next to the low incidence of some of the types 
of cancers investigated (e.g., OC, VVC, FTC) and 
the small number of studies included in the analysis, 
limited the statistical power of the analysis. The small 
number of studies available for each meta-analysis 
also resulted in imprecise estimates of the hetero-
geneity index I². Second, differences between the 
studies in the definition of DE exposure and of the 
working populations might introduce bias, despite 
not being differential among cases and non-cases. 
Also, little information was available on the type of 
DE exposure and the working activities of the pop-
ulations included, limiting the possibility of inter-
preting the results. Third, this meta-analysis is based 
on only 5 studies, 4 of which were conducted in the 
Nordic countries, limiting the generalization of the 
results. Finally, as with all meta-analyses, language 
bias cannot be ruled out entirely as our analysis is 
based only on published studies written in English.

5. ConClusIons

This study provided no evidence of an increased 
risk of BC, OC, or EC in workers exposed to DE. 
We observed a significant increase in the risk of CC. 
Potential confounding was not controlled for, and 
other sources of bias cannot be excluded, which pre-
empts conclusions in terms of causality. However, 
these results suggest that women employed in work 
settings where they are exposed to DE may benefit 
from occupational-based CC screening.

suppleMenTAry MATerIAls: The following are available 
online:

 - Table S1: PRISMA checklist
 - Figure S1: Forest plot of the leave-one-out meta-

analysis of cohort studies on occupational diesel ex-
haust exposure and risk of breast cancer (BC)

the most important risk factor in CC development 
[37]. On turn, occupational risk may explain part of 
the disparities observed in women of different social 
classes. In this sense, the fact that women occupa-
tionally exposed to DE result in being more likely to 
develop CC may be the effect of residual confound-
ing as HPV, physical activity, and cigarette smoking 
[37, 56]. There is also the possibility that participa-
tion in the HPV screening programmes varies by 
occupational category [57]. With this regard, certain 
working categories might represent special popu-
lations to be targeted with interventions aimed at 
increasing CC screening participation [24, 25, 58]. 
Also, the workplace might represent a novel setting 
for screening initiatives [59-60].

Many studies have reported that socioeconomic 
disparities may be related to a higher HPV prev-
alence and poor lifestyle habits in less educated, 
low-income women, as well as to a higher preva-
lence in low-income countries where HPV is more 
widespread [61-63]. For this reason, categories of 
workers exposed to DE – which often include low-
income and blue-collar workers – may be at higher 
risk of developing cancer independently from their 
occupational exposure, but rather because of other 
established lifestyle carcinogens. Therefore, studies 
including adjustments for potential confounders are 
warranted to explain the relationship we observed in 
this meta-analysis.

4.1 Strengths and Limitations

This study has several strengths. This is the first 
systematic review and meta-analysis to investigate 
the relationship between DE exposure in female 
workers and the risk of breast and gynecological 
cancers, providing novel data to better understand 
the epidemiology of these cancers. Specific workers, 
such as drivers and engine operators, have generally 
higher exposure levels than the general population. 
Most importantly, the exposure assessment among 
workers is likely to be more valid than that con-
ducted on the general population. For these reasons, 
we restricted our research specifically to occupa-
tional DE exposure, and our data collection focused 
on working categories who are known to be highly 
exposed to DE. We also considered only cohort 
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literature, identified relevant articles, and reviewed the full 
text, with PB assistance; MD conducted the statistical anal-
ysis and drafted the manuscript; GC and PB interpreted the 
data and revised the manuscript.
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