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INTRODUCTION

Occupational exposure to ultraviolet radiation (UVR) con-
tributes greatly to the overall lifetime UV-dose, which is
reflected by a higher risk of premalignant lesions (actinic
keratosis [AK]) and skin tumours (basal cell carcinoma
[BCC], cutaneous squamous cell carcinoma [cSCC], and
cutaneous melanoma [cM]) presenting up to a threefold
increase in outdoor workers (OW).! At least 14.5 million
OW are exposed to UVR during worktime in the European
Union.” Skin malignancies are usually characterised by a
long induction period (years or decades), therefore they occur
mainly at older age when a substantial number of OW have
already retired.” The development of skin (pre)malignancies
can be prevented by implementing measures which reduce
UVR exposure, and identification of high-risk occupations is
of crucial importance for this purpose. At present, data on the
prevalence of AK and skin cancer in Dutch outdoor workers
are limited. The objective of this study was to investigate the
prevalence of premalignant lesions and skin tumours in a
Dutch population of OW and matched controls (non-OW)
derived from a population-based cohort study.

MATERIALS AND METHODS
Study population

The Rotterdam Study (RS) is a prospective population-based
cohort study comprising 14,926 participants aged >45 years
from the Ommoord district in Rotterdam, the Netherlands.
Participants undergo regular examinations in a research
facility and interviews are conducted at home about every
3-6 years. Between 2010 and 2020, complete skin examina-
tions were performed by trained physicians, focusing on
common skin diseases including psoriasis, eczema, AK, BCC,
¢SCC and cM.? For details of RS, including the approval of
the Medical Ethics Committee the Erasmus MC and
informed consent, the reader is referred to Ikram et al.>

Outdoor workers (cases)

OW were selected from the database on profession (self-
described by the participants), and/or the variable outdoor
work history (i.e. ‘Outdoor work history >25 years’).
Non-outdoor workers (controls)

To compare the prevalence of premalignant lesions and skin

tumours between OW and non-OW, matched controls were
selected from the RS cohort who did not report having

outdoor work. OW were matched 1:1 to controls based on
sex, 5-year age category, skin colour and tendency for
sunburn to adjust for their potentially confounding effects.
Skin colour was defined as very white, white, white-to-olive,
light brown, brown and dark brown/black. Tendency for
sunburn was defined as high or low.

Occupational information

Outdoor work was defined as any occupational exposure
to solar UVR during working hours, regardless of
duration.* We divided the study population into two
working age groups (ages 45-59 and 60-64 years) and two
retirement age groups (65-79 and >80 years), following
the definition of working age population.’

Dermatological information

AK was diagnosed clinically and defined as a rough, keratotic
lesion with adherent scaling and erythema, not fitting
another diagnosis.>” The overall number of AKs per
participant was counted and subdivided into four categories
beforehand: no presence of AK, 1-3, 4-9 or 210 AKSs.

To get information on skin cancer history (BCC,
¢SCC and cM), all RS participants were linked to PALGA,
the nationwide network and registry of histo- and
cytopathology in the Netherlands, as described by Flohil
et al.° Participants were counted only once per cutaneous
malignancy (ever vs. never).®

Statistical analysis

Continuous variables were reported as median values with
interquartile range (IQR). Binary variables were presented as
counts with percentages. Odds ratios (ORs) with 95%
confidence intervals (CIs) were calculated using conditional
logistic regression, as our data were matched for controls.® As
one of the criteria for the recognition of skin cancer as
occupational disease is having ‘multiple AKs’,” we also
performed a subgroup analysis in relation to the number of
AKs. A two-sided p value of <0.05 was considered statistically
significant. All data analyses were performed with IBM SPSS
Statistics for Windows, Version 26.0 (IBM Corp.).

RESULTS

In total, 844 participants were defined as OW. Three OW
without a matching control had to be excluded, making
the total study population comprised 1682 participants
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(841 OW and 841 non-OW). Data on tendency for
sunburn were missing for 10 matched pairs (1.2%), and
for 6 non-OW (0.7%).

Demographic and occupational
characteristics

The majority of OW were male (64.6%; Table 1), and
had white skin colour (76.8%). Other skin colours
were white-to-olive (19.6%), and light brown (3.6%).
The median age was 65 years (IQR, 60-71). Job
category was unspecified for 84.8% of the OW, 1.5%
had a job in agriculture, 7.1% in construction and 6.6%
was miscellaneous.

Prevalence of premalignant lesions and
skin tumours among OW and non-OW

In the total OW population, 191 participants (22.7%) had
AK, versus 193 (22.9%) among the non-OW (Table 1). Of
the OW, 118 (14%) ever had BCC against 132 (15.7%)
among the non-OW. For c¢SCC, this was 41 (4.9%) in the
OW group compared to 29 (3.4%) in the non-OW group.
Finally, 16 OW ever had cM (1.9%) versus 17 (2%) of the
non-OW.

Prevalence of premalignant lesions and
skin tumours in different age categories

The prevalence of the investigated premalignant
lesions and skin tumours differed across the
different age categories (Table 1). For OW in the
working age category (i.e., 45-59 and 60-64 years),
the prevalence of AK increased from 3.8% to 14.7%.
For OW in the retirement age groups (65-79 and >80
years), the prevalence of AK increased from 28.8%
to 54.5%.

Prevalence of double or triple
premalignant lesions and skin tumours
among OW and non-OW

Prevalence of double or triple premalignant lesions and
skin tumours among OW and non-OW are presented in
Table 2. A higher number of OW had double (AK+
¢SCC) or triple (AK, BCC and cSCC) disease compared to
non-OW.

TABLE 2 Prevalence of double or triple premalignant lesions
and skin tumours among OW and non-OW

Outdoor Non-outdoor
worker worker
Characteristic (OW), n (%) (non-OW), n (%)
AK + BCC 40 (4.8) 56 (6.7)
AK + ¢cSCC 11 (1.3) 9 (1.1)
AK +cM 4 (0.5) 3 (0.4)
BCC + cSCC 7 (0.8) 5 (0.6)
BCC +cM 5 (0.6) 4(0.5)
c¢SCC +cM n.a. n.a.
AK + BCC + cSCC 14 (1.7) 7 (0.8)
AK + BCC + cM 3 (0.4) 4 (0.5)
AK+BCC+cSCC+cM  n.a. 1(0.12)

Abbreviations: AK, actinic keratosis; BCC, basal cell carcinoma;
cM, cutaneous melanoma; cSCC, cutaneous squamous cell carcinoma.

Association between outdoor work and
premalignant lesions and skin tumours

Conditional logistic regression showed that outdoor work
was not associated with premalignant lesions and skin
tumours. Corresponding ORs with 95% CI for AK were:
OR 0.99 (95% CI 0.81-1.21; p = 0.92), BCC: OR 0.89 (95%
CI 0.70-1.15; p=0.38), cSCC: OR 141 (95% CI
0.88-2.28; p=0.15) and cM: OR 0.94 (95% CI
0.48-1.86; p = 0.86).

The subgroup analysis considering the number of
AKs showed that OW had an increased odds of having
multiple AKs (OR 1.3 [95% CI 1.0-1.78], p = 0.05).

DISCUSSION

The present study shows high prevalence of AK, BCC,
c¢SCC and cM in a Dutch population. No association
between OW and any of the investigated premalignant
lesions and skin tumours was found, however, our
subgroup analysis revealed increased odds (borderline
significant) for an OW to develop multiple (=4) AKs.
Previous research on the association between OW
and premalignant lesions and skin tumours are conflict-
ing. In a meta-analysis, Bauer et al.'® found a positive
association between OW and BCC in half of the included
studies. In the review of Schmitt et al.,'! 12 out of 18
studies found an increased risk of cSCC among OW. A
Danish study—with UVR exposure comparable to the
Netherlands regarding geographic latitude—reported an
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AK prevalence of 21.4% in male OW aged >49 years,"”
which is comparable to the prevalence (~23%) found in
the present Dutch study. However, a twofold increase in
the prevalence of AK was found among Danish OW
compared to indoor workers."?

An explanation for not finding a difference in the
prevalence of premalignant lesions and skin tumours
across OW and non-OW in our study could be that some
outdoor occupations with high UVR exposure were less
represented, and the possibility of a more gradual
exposure to UVR among OW which will give them more
natural protection due to tanning and thickening of the
external skin layers.13 Furthermore, the amount of UV-
exposure in the Netherlands, especially during autumn
and winter, is likely not strong enough to induce a
significant cumulative effect on premalignant lesions and
skin tumours. Possibly, the role of UV-exposure in
sunnier areas, for example, during holidays and leisure
time, may be more significant.

An important finding from our subgroup analysis was
the increased frequency of multiple AKs in OW. Having
multiple AKs has been found to be associated with a higher
risk of ¢SCC for individuals with >5 AKs,>'*" ¢SCC is
associated with chronic exposure to UVR,’ and AK has been
regarded as being the most important precursor of cSCC."
Therefore, in Germany, certain premalignant lesions and
skin tumours can be recognised as an occupational disease if
individuals are significantly more exposed to the risk due to
their occupation than the general population and provided
they fulfil criteria such as having multiple (=5) AKs or if AKs
are confluent in an area >4 cm? (field cancerization).!” The
higher frequency of multiple AKs among OW in our study
could possibly hint towards occupational disease, when
applying the German criteria. A strength of this study was
that we had nationwide histopathologic coverage on invasive
skin cancer diagnoses. Also, AKs were clinically diagnosed
in a population-based cohort setting, while population-based
data on AK worldwide are scarce. Furthermore, matching on
the most common potential confounders was performed to
enable valid comparison of prevalence rates of the
premalignant lesions and skin tumours between the cases
and controls. However, this study also has limitations. The
definition of OW used was based on self-reported informa-
tion on the profession and approximate duration of outdoor
work, because exact data on the cumulative exposure to
occupational UVR were not available. This might have
increased the risk of bias of misclassification of exposure.
Also, we did not have access to information on non-
professional habits of UV-exposure, degree of personal sun
protection during work or leisure time, and history of
sunburn, that also have a significant impact on the
development of premalignant lesions and skin tumours.
Additionally, cumulative lifetime UV-exposure is considered

to be most important in the pathogenesis of AK and cSCC,
whereas intermittent UV-exposure is primarily relevant in
the aetiology of BCC and M."" A limitation in this study is
that AK and cSCC were not separately analysed from BCC
and cM.

In conclusion, in our study population occupational
UVR exposure did not add a significant increase to the
development of premalignant lesions and skin tumours.
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