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Abstract
Background: Our objective was to study the association between occupational exposure to diesel exhaust (DE) and 
skin cancer. Methods: A systematic review following STROBE guidelines and PECOS criteria was conducted to 
identify cohort studies describing the association between occupational DE exposure and the risk of skin cancer. We ex-
tracted 12 independent risk estimates for melanoma skin cancer (MSC), 8 for non-melanoma skin cancer (NMSC), 
and 3 for skin cancer not otherwise specified (SC-NOS). Random effects meta-analyses were performed, site-specific 
and stratified by geographic region and quality score. 95% confidence intervals (CI) were reported. Between-study 
heterogeneity and potential publication bias were investigated. Results: There was no overall evidence of an in-
creased risk of MSC [RR=0.90, 95% CI: 0.73-1.11; I2=92.86%, 95% CI: 82.83-97.03%], NMSC [RR=1.04, 
95% CI: 0.88-1.23; I2=60.79%, 95% CI: 0-87.34%] or SC-NOS [RR=0.72, 95% CI: 0.54-0.97; I2=26.60%, 95%  
CI: 0-94.87%] in workers exposed to DE. No difference between low-quality and high-quality studies was found. 
A stratified analysis by geographical region did not reveal any significant differences. There was no evidence of pub-
lication bias. Conclusions: No evidence of an association between skin cancer and occupational DE exposure was 
found. Residual confounding and other sources of bias cannot be ruled out.

1. Introduction

Diesel engines have many industrial applica-
tions, including on- and off-road equipment used 
in railroad, mining, construction, agriculture, trans-
portation, and manufacturing operations [1]. The 
exhaust from diesel engines contains a mixture of 
gases, vapors, aerosols, and particulate matter that 
can create a health hazard when not properly con-
trolled. Short-term exposure to high concentrations 
of diesel exhaust (DE) can cause eye, nose, throat, 
and lung irritation, headache, dizziness, coughing, 

phlegm, and nausea. In contrast, prolonged exposure 
can increase the risk of cardiovascular diseases, res-
piratory infections, and lung cancer.

In 2012, the International Agency for Research on 
Cancer (IARC) classified DE as a Group 1 carcino-
gen based on sufficient evidence in epidemiologi-
cal studies that occupational exposure is associated 
with increased risk for lung cancer [2]. DE is also 
suspected to be linked to other cancers, including 
cancers of the bladder, larynx, hematolymphopoi-
etic system, stomach, and ovary [3-6]. However, its 
carcinogenicity in humans has not yet been fully 
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investigated since DE knowledge is relatively recent 
and based primarily on lung cancer studies [2].

Occupational risk factors for skin cancer include 
exposure to chemical carcinogens such as polycy-
clic aromatic hydrocarbons (PAH) and arsenic [7]. 
While there is also evidence in the scientific litera-
ture of an association between occupational expo-
sure to ionizing and solar radiation and risk of skin 
cancer [8-10], it is not yet clear if DE exposure can 
also be considered an occupational risk factor for 
skin cancer.

This systematic review and meta-analysis aimed 
to investigate the association between occupational 
exposure to DE and the risk of all types of skin can-
cer (SC), including melanoma skin cancer (MSC) 
and non-melanoma skin cancer (NMSC).

2. Methods

2.1 Identification and Selection of Studies

We carried out a systematic review and reported 
it herein following the recommendations of the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement [11]. The 
study protocol was registered in the PROSPERO 
database (Registration No. 352729). To be included 
in the systematic review, studies had to meet the cri-
teria based on the elements of the review questions 
PECOS (Population, Exposure, Comparators, Out-
comes, Study Design) [12].

The review was restricted to industrial cohort 
studies. We included all the publications cited in 
the most recent IARC Monograph on DE [1]. Two 
authors also independently searched the PubMed 
database to include all studies reporting results on 
occupational exposure to DE and risk of any type of 
cancer other than lung cancer, reported after IARC 
publication, for which a causal association with DE 
exposure has already been established. The search 
query used the string “(diesel OR miner OR ga-
rage OR railway OR ((truck OR bus) AND driver) 
OR (heavy equipment OR docker)) AND (cancer 
OR neoplasm)” to identify industry-based studies 
on cancer among workers exposed to DE. Reports 
found in the reference lists of the articles identi-
fied in the aforementioned steps were also used to 

complement the search. When several studies based 
on the same population were published, we only 
included the most insightful one (typically, the one 
that provided the largest number of cases or fatali-
ties), and studies with modest overlap (i.e., less than 
10%) were considered independent. Finally, we ex-
cluded research that did not mention DE exposure, 
had non-occupational exposure, lacked information 
on cancers other than lung cancer, and had a differ-
ent design than cohort or case-control nested in the 
cohort.

2.2 Data Extraction

Data was collected and organized into predefined 
forms. The studies yielded the following informa-
tion: (i) sociodemographic factors; (ii) occupation 
and industry type; (iii) person-years of observation; 
(iv) type of cancer – including ICD code with ver-
sion; (v) measure of association – odds ratio (OR), 
risk ratio, rate ratio, standardized mortality ra-
tio (SMR), or standardized incidence ratio (SIR), 
henceforth referred to as relative risk (RR), and 95% 
Confidence Intervals (CI); (vi) factors adjusted for 
in the analysis; (vii) characteristics of the study pop-
ulation (e.g., number of subjects included, number 
of cases). The dataset was then categorized based 
on the type of cohort study (historical or prospec-
tive), the duration of follow-up, geographic region, 
and the outcome (incidence or mortality). If avail-
able, we also gathered data on dose-response analy-
sis for various indicators of DE exposure. However, 
there was insufficient information for the skin 
cancer meta-analysis to provide results related to 
dose-response or specific details regarding the type 
of DE exposure in the workplace.

2.3 Statistical Analysis

The quality assessment of the studies included in 
the meta-analysis was done independently by two 
authors (GC e FT) based on the CASP checklist. 
[13] The CASP assessment was based on 11 items 
for 14 points, and the final score was given by the 
mean of the results obtained by the two authors. 
A dichotomous variable for CASP assessment was 
then generated, considering studies that scored less 



Risk of Skin Cancer in Workers Exposed to Diesel Exhaust 3

than 10 as “low quality” and those that scored 10 or 
more as “high quality”.

A series of meta-analyses of non-overlapping 
studies were conducted to calculate pooled es-
timates with 95% CI for SC-NOS, MSC, and 
NMSC. Stratified meta-analyses by geographical 
region and quality score have also been performed. 
Further stratified analysis by outcome (incidence 
and mortality), sex, and industry type could not 
be conducted due to the small number of studies 
involved. The random-effects model described by 
Sidik and Jonkman was used for analysis. [14] RRs 
were reported with 95% CI, and p-value <0.05 was 
considered statistically significant. Additionally, we 
perform sensitivity analyses using multiple leave-
one-out meta-analyses. Study heterogeneity was 
assessed using the inconsistency index (I2 statistic 
and relative 95% CI [15]) with values of 0-30%, 
31%-60%, 61%-75%, and 76%-100%, indicating 
low, moderate, substantial, and considerable hetero-
geneity, respectively [16]. Cochran’s Q   b statistic for 
a test of group differences was used in the strati-
fied analyses [17]. Finally, we assessed publication 
bias by performing the Egger test and by visually 
inspecting the funnel plots [18] and the Galbraith 
plots [19].

All the statistical analyses were performed on 
STATA, version 17.0 (Stata Corp., College Station, 
TX, US) [20]. Meta-analyses were reported accord-
ing to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines 
[11]. PRISMA checklist is available in Table S1.

3. Results

3.1 Study Search and Study Characteristics

First, the systematic review comprised 19 papers 
that were included in the IARC monograph [2]. 
2062 articles resulted from the PubMed literature 
search to include studies published after the IARC 
monograph’s release. 1982 articles were excluded 
based on the publications’ titles and abstracts, and 
78 were excluded after reviewing the entire text. As 
a result, 9 non-overlapping reports found in the ref-
erence lists of the papers found in the previous steps 
were added to the review along with 2 new studies. 

A final number of 30 articles underwent full review, 
and 11 of them were included in the final analysis 
regarding skin cancer. Of those, 8 studies provided 
data on MSC (12 risk estimates), 5 for NMSC  
(8 risk estimates) and 3 for SC-NOS (3 risk es-
timates) (Figure 1). Six studies were performed 
in the United States, 3 in Sweden, and 1 each in 
Nordic countries combined, Canada, Denmark, 
and Finland. Further selected characteristics of the 
studies included in the review and meta-analysis 
are presented in Table 1.

3.2 Melanoma Skin Cancer

This meta-analysis included 7 studies, corre-
sponding to 12 incidence risk estimates. The forest 
plot is shown in Figure 2. Overall, the risk of MSC 
was 0.90 (95% CI: 0.73-1.11). The leave-one-out 
meta-analysis revealed that no study had a larger 
influence on the estimation of the overall effect 
size than the others (Figure S1). The reported in-
consistency index I2 was 92.86% (95% CI: 82.83-
97.03), indicating considerable heterogeneity [16]. 
The between-study variance τ2 is estimated to be 
0.08. The Egger test for publication bias was not 
significant (p=0.72). The corresponding funnel plot 
and Galbraith plot are reported in Figures S2 and 
Figure S3. Table 2 shows the results of the strati-
fied analyses. No significant difference was detected 
between studies with a quality score greater or equal 
to 10 and those with a quality score less than 10 
(Q   b=1.43; p=0.23). Stratified analysis by geograph-
ical region did not reveal any significant difference 
(Q   b=0.02; p=0.84).

3.3 Non-Melanoma Skin Cancer

This meta-analysis included 5 studies, corre-
sponding to 8 incidence risk estimates. The for-
est plot is shown in Figure 2. Overall, the risk of 
NMSC was 1.04 (95% CI: 0.88-1.23). The leave-
one-out meta-analysis revealed that no study had a 
larger influence on the estimation of the overall ef-
fect size compared with the others (Figure S4). The 
reported inconsistency index I2 was 60.79% (95% 
CI: 0-87.34), indicating a moderate heterogeneity 
[16]. The between-study variance τ2 is estimated to 
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not be performed since all studies were conducted 
in Europe, while stratified analysis by quality score 
did not reveal any significant difference (Q   b=1.64; 
p=0.20).

be 0.02. The Egger test for publication bias was not 
significant (p=0.65). The corresponding funnel plot 
and Galbraith plot are reported in Figures S5 and 
S6. Stratified analyses by geographical region could 

Figure 1. Flow diagram of the study selection process.
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Figure 2. Forest plot of a meta-analysis of cohort studies on occupational exposure to diesel exhaust and skin cancer.
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The Egger test for publication bias was not signifi-
cant (p=0.20). The corresponding funnel plot and 
Galbraith plot are reported in Figures S8 and S9.  
Stratified analyses by geographical region and qual-
ity score could not be performed since all studies 
were conducted in North America and had a quality 
score lower than 10.

4. Discussion

This systematic review and meta-analysis of cohort 
studies investigated occupational exposure to DE 
and skin cancer risk. DE contains a complex mixture 
of chemicals, including PAHs and other potentially 
carcinogenic substances such as nitroarenes, benzene 
and formaldehyde, some of which have been linked 
to hyperkeratosis and dermatitis in humans [31-
33], and to skin cancer in animal studies [34, 35].  

3.4 Skin Cancer Not Otherwise Specified

This meta-analysis included 3 studies where the 
type of skin cancer was not specified, correspond-
ing to 3 incidence risk estimates. The forest plot is 
shown in Figure 2. Overall, the risk of SC-NOS was 
0.72 (95% CI: 0.54-0.97). The leave-one-out meta-
analysis revealed that omitting the Howe GR et al. 
1983 study [21] or the Birdsey J et al. 2010 study 
[30] causes the risk estimate to be no more signifi-
cant (Figure S7). The reported inconsistency index I2 
was 26.60% (95% CI: 0-94.87). Even though the I2 
point estimate suggests low heterogeneity across the 
studies [16], the wide 95% confidence interval in-
dicates substantial uncertainty around this estimate, 
suggesting that the true level of heterogeneity could 
potentially range from minimal to considerable. The 
between-study variance τ2 is estimated to be 0.02. 

Table 2. Results of the metanalyses on the different skin cancers by geographic region and quality score.

Characteristic Number of risk estimates RR [95% CI]
Test of group

Differences Qb

MELANOMA SKIN CANCER (MSC)
Geographic region
North America   2 0.96 [0.34; 2.73] 0.02 (p = 0.84)
Europe 10 0.89 [0.74; 1.06]
Quality score
< 10   4 1.10 [0.73; 1.65] 1.43 (p = 0.23)
≥ 10   8 0.83 [0.67; 1.03]

NON-MELANOMA SKIN CANCER (NMSC)
Geographic region
North America - - -
Europe   8 1.04 [0.88; 1.23]
Quality score
< 10   4 1.18 [0.90; 1.54] 1.64 (p = 0.20)
≥ 10   4 0.96 [0.82; 1.13]

SKIN CANCER – NOT OTHERWISE SPECIFIED (SC-NOS)
Geographic region
North America   3 0.72 [0.54; 0.97] -
Europe - -

Quality score
< 10   3 0.72 [0.54; 0.97] -
≥ 10 - -
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causes, and it is crucial to acknowledge and inter-
pret the results with consideration to the distinct 
characteristics and risk factors associated with the 
two types of skin cancer. While UV exposure is a 
common risk factor for both types, MSC is often 
associated with intense, intermittent sun exposure, 
while NMSCs are linked to cumulative sun expo-
sure [41, 42]. We decided however to combine them 
in a composite outcome, together with SC-NOS, 
for several reasons. First of all, pooling data from 
all three types of skin cancer increases the sample 
size, enhancing statistical power and the ability to 
detect significant associations. It also allows for a 
comprehensive examination of overall skin cancer 
risk, providing a more global view of the impact of 
DE. Finally, the focus of our analysis is on general 
skin cancer prevention and risk factors rather than 
specific cancer types.

4.1 Strengths and Limitations

This study has several strengths. To our knowl-
edge, this is the first systematic review to investigate 
the association between occupational DE exposure 
and the risk of skin cancer. We focused on cohort 
studies since they provide higher-quality data com-
pared to case-control or cross-sectional studies. 
Also, we focused on a specific working population 
that experiences higher levels of DE exposure than 
other working groups. Moreover, data collection in-
cluded the working categories more likely to be ex-
posed to DE. Regarding the statistical methods, we 
used the Random-Effects Sidik–Jonkman model 
[14] rather than the most popular DerSimonian–
Laird method [43] due to the known tendency of 
the latter to underestimate the between-study vari-
ance τ2 when the number of studies is small [44]. 
Finally, the meta-analysis was performed following 
solid methodological guidelines, considering the 
quality of the involved studies, and testing for pos-
sible publication bias.

However, the results should be interpreted cau-
tiously, as some limitations should be acknowledged 
in addition to those inherent in meta-analyses. 
Firstly, the studies were heterogeneous in terms of 
the working population considered exposed, time 
period, and region of studies, and sample sizes were 

Individuals with prolonged occupational exposure 
to DE, such as workers in industries like transporta-
tion or mining, may experience higher levels of skin 
contact with such substances. This prolonged and 
direct exposure could contribute to an increased risk 
of skin cancer since if carcinogens penetrate the skin 
barrier, they could potentially induce DNA damage 
or other cancer-promoting effects [36, 37]. Higher 
levels of PAH biomarkers have been detected in 
non-smoking workers exposed to DE and lubricat-
ing oil, suggesting the role of skin absorption in DE 
toxicology [38].

While we found no overall association between 
occupational DE exposure and skin cancer, an in-
verse relationship between occupational DE expo-
sure and SC-NOS was suggested in site-specific 
analyses.

UV radiation is considered a skin carcinogen, 
which relates to work in the context of outdoor 
occupations [9]. However, we found evidence of a 
decreased risk of skin cancer in studies considering 
any type of SC-NOS. One might speculate that the 
reduced risk in workers exposed to DE might be re-
lated, for example, to the lack of solar exposure. It 
must be pointed out that we were not able to account 
for ultraviolet radiation exposure, and we did not 
have detailed information on the type of work activi-
ties of the populations of this meta-analysis, because 
the included studies did not report such data. More-
over, only 3 incidence risk estimates were available 
in studies with quality scores less than 10, limiting 
the power of the analysis. Also, the dispersion of true 
effect sizes addressed by the PI, which crossed the 
no-effect threshold, indicates that there are contexts 
where DE exposure has no effect or even an effect in 
the opposite direction on SC-NOS [15].

The importance of latency effects and other 
time-related factors, such as age at exposure, in de-
termining cancer risk has long been acknowledged 
[39-40]. We restricted the meta-analysis to cohort 
studies since they provide higher-quality data and 
less opportunity for bias. This choice also resulted 
in the analysis of only long-term data, reducing the 
possibility of missing incident cases in the study 
populations.

It must also be pointed out that MSC and NMSC 
differ importantly in their epidemiology and known 
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exhaust exposure and risk of non-melanoma skin 
cancer (NMSC)

	- Figure S5: Funnel plot of the analysis on occupa-
tional diesel exhaust exposure and risk of non-
melanoma skin cancer (NMSC)

	- Figure S6: Galbraith plot of the analysis on 
occupational diesel exhaust exposure and risk of 
non-melanoma skin cancer (NMSC)

	- Figure S7: Forest plot of the leave-one-out meta-
analysis of cohort studies on occupational diesel ex-
haust exposure and risk of skin cancer not otherwise 
specified (SC-NOS)

	- Figure S8: Funnel plot of the analysis on occupa-
tional diesel exhaust exposure and risk of skin cancer 
not otherwise specified (SC-NOS)

	- Figure S9: Galbraith plot of the analysis on occupa-
tional diesel exhaust exposure and risk of skin cancer 
not otherwise specified (SC-NOS)
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