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Abstract

Background Numerous epidemiologic studies and a few systematic reviews have investigated the association between occu-
pational solar exposure and basal cell carcinoma (BCC). However, previous reviews have several deficits with regard to
included and excluded studies/risk estimates and the assessment of risk of selection bias (RoSB). Our aim was to review
epidemiologic studies with a focus on these deficits and to use meta-(regression) analyses to summarize risk estimates.
Methods We systematically searched PubMed (including MEDLINE) and Embase for epidemiologic studies. Study evalua-
tion considered four main aspects of risk of bias assessments, i.e. Selection of subjects (selection bias); Exposure variables;
Outcome variables; Data analysis.

Results Of 56 identified references, 32 were used for meta-(regression) analyses. The overall pooled risk estimate for BCC
comparing high/present vs. low/absent occupational solar exposure was 1.20 (95% CI 1.02—-1.43); among studies without
major deficits regarding data analysis, it was 1.10 (95% CI 0.91-1.33). Studies with low and high RoSB had pooled risk
estimates of 0.83 (95% CI 0.73—0.93) and 1.95 (95% CI 1.42-2.67), respectively. The definitions of exposure and outcome
variables were not correlated with study risk estimates. Studies with low RoSB in populations with the same latitude or lower
than Germany had a pooled risk estimate of 1.01 (95% CI 0.88-1.15).

Conclusion Due to the different associations between occupational solar exposure and BCC among studies with low and
high RoSB, we reason that the current epidemiologic evidence base does not permit the conclusion that regular outdoor
workers have an increased risk of BCC.
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Introduction exposure, whereas squamous cell carcinoma (SCC) is asso-

ciated with total or occupational exposure [1].

Natural ultraviolet (UV) light is an important risk factor for
skin cancer. However, the exposure patterns that are associ-
ated with increased risks of the different skin cancer types
seem to be different. Malignant melanoma is associated
with intermittent exposure during recreation, particularly in
childhood and adolescence. Similarly, basal cell carcinoma
(BCC) seems to be foremost associated with intermittent
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Numerous epidemiologic studies have been conducted on
the question whether occupational solar exposure increases
BCC risk, and three systematic reviews are available [2—4].
However, only one review investigated risk estimates in
dependence on risk of bias (RoB) of the underlying stud-
ies [4], focusing on BCC and SCC together. In any case,
all three reviews missed important issues in their performed
RoB assessments with respect to selection bias.

In occupational epidemiology, potential risk factors are
usually related to blue-collar or manual workers. However,
such workers that in general have a comparably low socio-
economic status (SES) take part in epidemiologic studies
comparably infrequent [5, 6]. In case-control studies, this
concerns foremost the control group [6]. In the event of low
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participation rates, a biased risk estimate of the exposure-
disease association can result [7]. Furthermore, selection
bias can also result when the source of control participants
does not represent the general population. Some studies on
occupational solar exposure and BCC recruited controls
from patients with non-malignant dermatologic conditions
or attending skin cancer screening. However, subjects with
low SES, blue-collar or outdoor jobs report non-malignant
dermatologic conditions or the consultation of dermatolo-
gists and the utilization of skin cancer screening compara-
bly infrequent [8—11].

A second concern applies to the type of exposure vari-
ables. All previous systematic reviews used some risk esti-
mates from original studies that do not refer to usual outdoor
work but to a rather intermittent type of exposure in subjects
that help their relatives in farming during summer. Fur-
thermore, they partly used risk estimates for very specific
agricultural job subgroups with increased risks, while not
considering the picture for agricultural jobs overall [2, 3].

Thirdly, all previous reviews missed relevant literature.
For example, one review restricted studies to those that
were conducted in only one country [3], while another
review excluded some studies that compared specific single
outdoor jobs with all other jobs/the general population [4].
For the third review, it seems that the search string used for
PubMed (including MEDLINE) was rather insensitive, with
only 189 hits received [2].

Our aim was to review epidemiologic studies on regu-
lar occupational solar exposure and BCC and to use meta-
(regression) analyses to summarize study risk estimates. We
ran a new literature search to ensure identification of rel-
evant studies. We summarized study risk estimates depend-
ing on various aspects regarding RoB, considering selection
of subjects (selection bias), exposure variables, outcome
variables, and data analysis.

Materials and methods
Scope of the review

This review was not pre-registered. It has evolved as part of
our routine work that encompassed reviewing the evidence
on occupational solar exposure and BCC risk. We started
by reviewing systematic reviews but noted that these had
important deficits (see Introduction). Our focus was to elab-
orate on these deficits and to review epidemiologic studies
considering these deficits.
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Literature search

We searched PubMed (including MEDLINE) in Octo-
ber 2021 and Embase in November 2021, adapting the
search string proposed by [2] in order to increase sensitiv-
ity (Online Resource 1). In accordance with [2], studies in
which the exposure was defined as work in any or a spe-
cific outdoor job or related sun/UV exposure were eligible.
References were screened according to the PECOS scheme
(Online Resource 2). We also inspected systematic reviews
[2-4] and reference lists of original studies. Studies with
full texts other than English or German were translated with
DeepL (https://www.deepl.com/translator) or Google Trans-
lator (https://translate.google.com).

Evaluation of studies

The evaluation of studies centred on four main aspects that
are usually addressed in RoB assessments (e.g. [12]), i.e.
(1) Selection of subjects (selection bias); (2) Exposure vari-
ables; (3) Outcome variables; (4) Data analysis.

Selection of subjects (selection bias)

As pointed out in the Introduction, the frequent, comparably
low attendance of subjects with low SES or manual/blue-
collar jobs in control groups is associated with selection
bias in occupational case-control studies. In cohort studies,
selection bias during follow up can occur when continued
participation is a common effect of exposure and outcome
[7, 13]. Moreover, selection bias can result if exposure
information is missing selectively or if study groups do not
stem from the same base population. In case-control studies,
the latter can particularly be assumed if sources of controls
do not represent the general population.

Based on available RoB assessment instruments (e.g.
[12]) and the information given above, we developed a sim-
ple scheme and allocated a high RoSB when.

— incase-control studies, participation rates were unknown
or <50%! in cases and/or controls

— in cohort studies, loss to follow-up was > 50%.

— the availability of exposure information was <50%
among designated study participants.

— study groups did not represent the same base population;
for case-control studies this was assumed for mainly

' There is no consensus on definitive critical proportions. Further-

more, a certain proportion of missing observations does not indicate
selection bias, just as a certain proportion of available observations
does not indicate the absence of selection bias. The differentiation of
studies will be used in meta-(regression) analysis in order to assess
whether systematic selection bias might be present or not.


https://www.deepl.com/translator
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dermatologic controls or other sources of controls that
do presumably not represent the general population.

Exposure variables

WHO/ILO working group [4] excluded studies that com-
pared specific single outdoor jobs with all other jobs/the
general population. Their argument was that, in such stud-
ies, exposure reference groups also contain outdoor workers
and, thus, risk estimates are underestimated. In contrast, we
did not exclude such studies and aimed to evaluate whether
their risk estimates differ from the estimates of other stud-
ies. We further assessed whether studies defined quantita-
tive exposure variables, including cumulative or mean
estimates of exposure, or not. Finally, these two aspects
were combined, differentiating between studies with quanti-
tative exposure variables that do not compare single outdoor
jobs with all other jobs/the general population and all other
studies.

Outcome variables

For all included studies, histological verification of the out-
come can be assumed (based on pathology, medical or can-
cer registry records). We evaluated whether risk estimates
differed between studies that involved only cases with first
ever BCC and studies that potentially included cases with
subsequent BCC. In the event of subsequent BCC diagnoses,
risk estimates are potentially biased as the exposure period
extends until after the first diagnosis. Moreover, cases pos-
sibly change their behaviour after an initial diagnosis.

Data analysis

As a minimum requirement, risk estimates should be con-
trolled for age, sex, and study centre (if applicable) in a
statistical (regression) model of the exposure-disease asso-
ciation. We also looked for other model-misspecifications,
e.g. the inclusion of potentially highly correlated variables
in the same regression model.

Meta-(regression) analyses

Random-effects meta-(regression) analyses were carried out
with Stata 17 [14]. Certain details are described in Online
Resource 3 (e.g. reasons for excluded studies; detailed
approach of selection of risk estimates). Very briefly, risk
estimates for occupational solar exposure due to overall out-
door work were preferred. Otherwise, in accordance with
[2], risk estimates for specific single occupations were used.
However, we used only risk estimates for agricultural jobs

as these were evaluated in all studies on specific occupa-
tions that were eligible for our meta-analysis and as these
entail many outdoor workers. This approach ensures a cer-
tain homogeneity with regard to the index exposure among
the studies on specific occupations/jobs.

Course of analyses

After a first meta-analysis (level I), studies with deficits
regarding data analysis (see Material and Methods) were
excluded to remove possible data analysis-related bias
ahead of further analyses. At level 2, several sub-analyses
were conducted to investigate risk estimates with regard to:
Selection of subjects (selection bias); Exposure variables;
Outcome variables (see Material and Methods); Study type;
Sex; Mean geographical latitude of studies (in analogy to

[2D).

Results
Literature search

The literature search yielded 4039 hits, including 281 dupli-
cates (Online Resource 4). Of 56 retained full texts, 32
were used for meta-(regression) analyses. The 24 excluded
references are described in Online Resource 5, section A,
together with one reference used in [2] that did not meet our
selection criteria [15].

Evaluation of the literature

Table 1 visualizes the evaluation results of the studies that
were included in the meta-(regression) analyses. Online
Resource 6 explains the results in detail. A comprehensive
overview of the studies is presented in Online Resource 7
(case-control studies) and Online Resource 8 (other study

types).
Meta-(regression) analyses

The first meta-analysis yielded a pooled risk estimate of
1.20 (95% CI 1.02—-1.43) (level 1) (Fig. 1). At level 2, the
pooled risk estimate without studies with deficits regarding
data analysis was 1.10 (95% CI 0.91-1.33). For studies with
low and high RoSB, the pooled risk estimates were 0.83
(95% CI 0.73-0.93) and 1.95 (95% CI 1.42-2.67), respec-
tively (Fig. 2). Among the 16 case-control studies only,
almost identical results occurred (data not shown). A strati-
fied analysis with these studies shows that with respect to
the issues used to evaluate RoSB, similar patterns emerged
as for RoSB overall (Online Resource 9). The pooled risk
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Strata in meta-analysis; Analyzed
comparison

Outcome

Exposure

Selections bias

Data

Table 1 (continued)

Study

@ Springer

Exposure quantitative  Explicitly

Overall

Exposure
complete

Controls/Compari-
son group

Participation

analysis

first BCC
in cases

reference®

rate’/Follow-up

rate

years work in agriculture

>10vs. <10

not representa-
tive; hospital-

unknown

Gafa et al. 1991 [46]

based (possibly

dermatological)
— population-based

Occupation as farmer yes vs. no

+ +

43.7%
+ Study fulfills criterion (for definition, see Material and Methods); — Study does not fulfill criterion

Hogan et al. 1989 [47]

# The indicated participation rate for case-control studies applies to control participants

b —«when a specific single outdoor occupation was compared with all other occupations or the general population; ,+* otherwise

¢ Study is based on selected regions in Bavaria, Germany. No individual data for the base population available. For the analysis, the study authors weighed the population count in single years

with the share of outdoor and indoor jobs in the Bavarian population and the share of available job notifications in cancer registry for registered cancer cases

9 The study reported by Schmitt et al. 2018 is multi-centric. In this publication, risk estimates were not adjusted for study-centre. Later on, several sensitivity analyses, amongst them an analysis

adjusted for study centre, were conducted ([48]; Bauer A, personal communication). Thus, we classified the study as appropriate with regard to data analysis

estimate among the five cohort studies (all with low RoSB)
was 0.84 (95% CI 0.75-0.95). The definitions of exposure
variables and the outcome were not correlated with risk
estimates (Online Resource 10). This also held true among
studies with low RoSB. In this subgroup, only latitude was
related to the size of risk estimates (Table 2). Studies with
populations north of Germany (>50th latitude) showed
a lower pooled risk estimate (0.73; 95% CI 0.63-0.84)
than studies in populations <50th latitude (1.01; 95% CI
0.88-1.15).

Discussion
Selection of subjects (selection bias)

Our analyses indicate that studies with high RoSB overesti-
mate underlying risk. Most of them are case-control studies
with unknown or low participation rates, particularly among
controls. Unfortunately, study reports do usually not contain
information on the representativeness of the control group.
Unless this is implemented, low or unknown participation
rates should be treated with caution. The same is true for
presumably unrepresentative sources of controls such as
patients with minor dermatologic conditions. Most of the
studies with high RoSB had more than one limitation that
led to this characterization. Of course, if both a low par-
ticipation and an ill-defined control group are present at the
same time, it can hardly be evaluated whether one or the
other or both lead to biased risk estimates.

Diagnostic/detection bias

BCC is a condition with a certain diagnostic bias. Data from
a nationwide dermatopathology laboratory in Germany
show the highest mean tumor depths in members of agri-
cultural health and local public health insurances [49]. The
latter involve more people that work in physically strenuous
jobs and less people that work in offices compared to the
general population [50]. These findings are in accordance
with observations that a lower SES or outdoor work are
inversely associated with the usage of skin cancer screening
[10, 11] and initial dermatologist visits [9, 10]. Such a diag-
nostic bias putatively is also present in the reviewed epide-
miologic studies. However, as it concerns almost all studies,
its impact cannot be evaluated. Yet, an underestimation of
risk might be limited. As BCC is a tumor that continuously
infiltrates adjacent tissue, the diagnostic bias probably con-
cerns mainly the time point a person seeks medical help but
not if someone seeks medical help or not. The tendency for
delayed diagnoses in outdoor workers might even lead to
an overestimation of outdoor exposure and risk. Studies
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exp(Effect size) Weight

Study with 95% Cl (%)
Hogan, 1989 [ | 129[1.13, 1.47] 275
Gafa, 1991 —— 1.60[1.02, 2.50] 2.34
Gallagher, 2005 (M) ——— 140[081, 242] 216
Kricker, 1995 —il— 0.86[0.49, 1.49] 215
Maia, 1995 —J— 490[3.18, 7.55] 236
Green, 1996 —- 125[0.88, 178 249
Rosso, 1996 1.00[0.77, 1.29] 263
Hannuksela-Svahn, 1999 (F) 0.90[0.85 0.95] 279
Hannuksela-Svahn, 1999 (M) [ | 0.84[075 095] 276
Rosso, 1999 0.90[0.51, 1.59] 2.12
Corona, 2001 —— 1.70[0.70, 4.11] 1.59
Walther, 2004 —— 240[1.26, 456] 1.99
Ruiz Lascano, 2005 = 2.60[0.64, 10.61] 0.95
Seidler, 2006 (F) L 3 150[1.22, 1.84] 269
Seidler, 2006 (M) n 110[092, 132] 271
Zanetti, 2006 (M) —l— 120[0.69, 2.09] 215
Marehbian, 2007 [SOC=55] (M) —u— 2.00[0.88, 4.52] 1.69
Marehbian, 2007 [SOC=56] (M) 1.00[068, 146] 245
Neale, 2007 [Head] 0.86[0.53, 1.40] 227
Neale, 2007 [Trunk] 1.12[0.60, 2.10] 2.02
Pelucchi, 2007 [Nodular] —— 1.35[085, 214] 231
Pelucchi, 2007 [Superficial] —— 0.50[0.25, 1.00] 1.90
Laakkonen, 2008 (Continuing farming) [ | 0.69[0.64, 0.75] 2.78
Laakkonen, 2008 (Quit farming) [ | 0.80[0.78, 0.83] 279
Radespiel-Tréger, 2009 (F) —— 2.70[1.79, 4.071 2.40
Radespiel-Tréger, 2009 (M) - 2.90[2.18, 3.86] 2.59
Asgari, 2010 » 117[0.32, 4.32] 1.05
Kenborg, 2010 [Body] (M) . 0.63[0.52, 0.76] 2.70
Kenborg, 2010 [Head] (M) [ | 0.86[0.78, 0.95] 277
Kenborg, 2010 [Lower extremities] (M) —— 0.45[0.25, 0.82] 207
Kenborg, 2010 [Upper extremities] (M) —- 0.81[0.56, 1.18] 2.45
Dessinioti, 2011 —i— 2.70[1.39, 525 1.95
Caccialanza, 2012 —— 2.97[1.93, 458 236
lannacone, 2012 —— 2.12[1.05, 4.28] 1.89
Sanchez, 2012 —— 1.67[0.82, 3.42] 1.86
Surdu, 2013 —— 0.62[0.30, 1.28] 1.85
Atis, 2015 —i— 1.20[0.65 222] 204
Trakatelli, 2016 - 3.32[2.55, 4.33] 262
Kricker, 2017 -l 1.18[0.89, 1.57] 259
Lindelsf, 2017 (F) [ | 0.57[0.51, 0.63] 277
Lindelsf, 2017 (M) [ | 0.51[0.47, 0.55] 278
Schmitt, 2018 —— 1.84[1.19, 2.84] 2.36
Cai, 2020 (F) —— 0.74[0.42, 1.29] 2.14
Cai, 2020 (M) —— 1.13[0.58, 221] 1.95
Overall ¢ 1.20[1.02, 1.43]
Heterogeneity: 7° = 0.27, I = 97.54%, H’ = 40.66
Test of 8 = 8;: Q(43) = 730.45, p = 0.00
Testof 6=0:z=2.15,p=0.03

T . T

T T
174 1/2 1 2 4 8
Random-effects REML model

Fig. 1 Meta-analysis of all 32 studies on the association between occupational solar exposure and the risk of basal cell carcinoma
F =Females, M =Males, SOC = Standard Occupational Classification
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exp(Effect size) Weight

Study with 95% CI (%)
Low risk of selection bias

Gallagher, 2005 (M) —— 1.40[0.81, 2.42] 2.61
Kricker, 1995 —il— 0.86[0.49, 1.49] 2.61
Green, 1996 - 1.25[0.88, 1.78] 3.01
Rosso, 1996 1.00[0.77, 1.29] 3.17
Hannuksela-Svahn, 1999 (F) f 0.90[0.85, 0.95] 3.36
Hannuksela-Svahn, 1999 (M) [ | 0.84[0.75, 0.95] 3.33
Zanetti, 2006 (M) —i— 1.20[0.69, 2.09] 2.60
Marehbian, 2007 [SOC=55] (M) —a— 2.00[0.88, 4.52] 2.06
Marehbian, 2007 [SOC=56] (M) —— 1.00[0.68, 1.46] 2.96
Neale, 2007 [Head] —l— 0.86[0.53, 1.40] 2.75
Neale, 2007 [Trunk] —— 1.12[0.60, 2.10] 2.44
Pelucchi, 2007 [Nodular] —— 1.35[0.85, 2.14] 2.80

Pelucchi, 2007 [Superficial] 0.50[0.25, 1.00] 2.31
0.69[0.64, 0.75] 3.35

0.80[0.78, 0.83] 3.37

_._
Laakkonen, 2008 (Continuing farming) [ ]
Laakkonen, 2008 (Quit farming) [ |
Kenborg, 2010 [Body] (M) » 0.63[0.52, 0.76] 3.26
Kenborg, 2010 [Head] (M) [} 0.86[0.78, 0.95] 3.34
Kenborg, 2010 [Lower extremities] (M) —— 0.45[0.25, 0.82] 2.50
Kenborg, 2010 [Upper extremities] (M) —-
Surdu, 2013 —l—
Lindelsf, 2017 (F) |
Lindelsf, 2017 (M) [}

—il-

— 0.81[0.56, 1.18] 2.97
— 0.62[0.30, 1.28] 2.24
0.57[0.51, 0.63] 3.34
0.51[0.47, 0.55] 3.35

Cai, 2020 (F) — 0.74[0.42, 1.29] 2.60
Cai, 2020 (M) —— 1.13[0.58, 2.21] 2.36
Heterogeneity: T = 0.06, I’ = 93.48%, H’ = 15.34 Q 0.83[0.73, 0.93]

Test of 8 = 6;: Q(23) = 230.98, p = 0.00
Testof 6=0:z=-3.03,p =0.00

High risk of selection bias

Maia, 1995 —l—490[3.18, 7.55] 2.86
Rosso, 1999 —— 0.90[0.51, 1.59] 2.57
Corona, 2001 —— 1.70[0.70, 4.11] 1.92
Seidler, 2006 (F) . 3 1.50[1.22, 1.84] 3.24
Seidler, 2006 (M) s 3 110[0.92, 1.32] 3.27
Radespiel-Tréger, 2009 (F) —;— 2.70[1.79, 4.07] 2.90
Radespiel-Tréger, 2009 (M) |- 2.90[2.18, 3.86] 3.13
lannacone, 2012 —a— 2.12[1.05, 4.28] 2.29
Trakatelli, 2016 - 3.32[2.55, 4.33] 3.16
Kricker, 2017 -+ 1.18[0.89, 1.57] 3.12
Schmitt, 2018 —— 1.84[1.19, 2.84] 2.86
Heterogeneity: T° = 0.24, I’ = 89.85%, H’ = 9.85 ‘ 1.95[1.42, 2.67]

Test of 8 = 6;: Q(10) = 100.03, p = 0.00
Testof 6=0:z=4.14,p =0.00

-

114 1/2 1 2
Random-effects REML model
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{ Fig. 2 Meta-analyses of 23 studies without major deficits regarding
data analysis on the association between occupational solar exposure
and the risk of basal cell carcinoma, stratified by studies with low and
high risk of selection bias
F=Females, M =Males, SOC = Standard Occupational Classification

including medical examination and histological verifica-
tion to record all BCC cases in populations, accounting for
previously diagnosed BCC and tumor depth, would help to
evaluate BCC risk without this bias. Among the studies in
our review, one used medical surveys to identify BCC cases.
It did not show a clearly increased risk in relation to outdoor
work as compared to indoor work (RR=1.25; 95% CI 0.88—
1.78) [22]. We are not aware of further published studies
on occupational solar exposure and BCC that actively used
medical examinations to identify cases, including surveys.
In case-control studies, the medical examination to identify
unknown BCC cases in the control group and the knowl-
edge of their occupational solar exposure would also help to
quantify diagnostic bias.

Exposure variables

Due to a possible underestimation of the exposure-disease
association, WHO/ILO working group [4] excluded stud-
ies that compared specific single outdoor jobs with all other
jobs/the general population. However, this does not seem
justified. First, it impedes the evaluation of the impact of
such studies on pooled risk estimates. Our analyses did not
identify an impact. Secondly, exposure reference groups are
seldom free of any exposure. For example, when quantita-
tive exposure variables are categorized, the reference levels
often include certain fractions of outdoor work as well.

With regard to studies on single outdoor occupations, we
focused on agricultural jobs. This might have introduced
some bias. However, in addition to our primary analyses on
exposure variables, a secondary stratified analysis of studies
on agricultural jobs and of studies on outdoor jobs in gen-
eral did not show systematic differences of risk estimates
either (data not shown).

Types of UV exposure and BCC

Our meta-analysis of studies with low RoSB yielded a sum-
mary risk estimate of 0.83 (95% CI 0.73-0.93). We would
by no means interpret this inverse association as causal in
the sense that the largest outdoor work exposure leads to the
lowest risk of BCC. For example, personal protection mea-
sures and protective work conditions might have affected
the result. However, regular outdoor workers also establish
a continuous natural UV protection throughout the year at
sun-exposed parts of the body and are, thus, putatively less
sensitive to periods of intensive UV exposure than indoor

workers. In fact, epidemiologic studies generally show that
intermittent UV exposure is important for BCC occurrence
[1]. Furthermore, it was shown that BCC incidence is high-
est in subjects with high SES [19, 25, 51-53] who work
comparatively seldom in outdoor jobs.

Our review focused on regular outdoor occupations. We
excluded studies that evaluated BCC risk of subjects with
more intermittent and intense outdoor UV exposure. For
instance, Vlajinac et al. [54] reported an increased risk of
BCC in subjects that help their relatives in agriculture in
summer, while regular farmers had no increased risk based
on their Table 1. Additional studies should evaluate BCC
risk in association with occupational exposure scenarios
that encompass intermittent and intense outdoor UV expo-
sure, such as in seasonal workers.

Data analysis

We did not evaluate risk estimates in dependence on adjust-
ment for potential confounders such as SES, skin type or
recreational UV exposure. In fact, whether such variables
are confounders is study-specific and cannot be assumed in
general. Unfortunately, study reports generally lack infor-
mation to judge this. Future studies should take the aspect of
confounding more into account. However, for studies with
high RoSB, adjustment for SES is advisable to reduce selec-
tion bias. One of the studies with high RoSB adjusted for
education, but probably only in dichotomous form [30]. A
separate sensitivity analysis [48] of another study with high
RoSB [23] yielded a 20% lower risk estimate with versus
without adjustment for education.

Latitude of the study population

Our analyses showed a lower pooled risk estimate for stud-
ies with latitudes > 50° than for studies with latitudes <50°.
This could have several reasons. In this review, studies in
populations more in the north than Germany were exclu-
sively based on exhaustive registries. This prevents poten-
tial bias that can occur in studies that actively recruit and
interrogate participants. A second possible reason could be
the weaker solar radiation more in the north as compared
to other regions. However, the weaker radiation is accom-
panied by a generally lighter and more sensitive skin of the
common, long-time resident population and, thus, might not
be the main explanation.

Results of previous reviews as compared to our
review

Previous meta-analyses resulted in pooled risk estimates of
1.43 (95% CI 1.23-1.66) [2] and 1.50 (95% CI 1.10-2.04)
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Table 2 The influence of specific issues on risk estimates of studies on the association between occupational solar exposure and BCC. Results
based on separate univariate meta-regression analyses, restricted to studies without major deficits regarding data analysis and with low risk of

selection bias

Comparison Risk estimate Lower 95%-CI Upper 95%-CI P>|z|
Quantitative vs. other exposure variables® 1.03° 0.80 1.33

Studies that compare specific single outdoor occupations with all other occupations/ ~ 1.09 0.84 1.42

the general population vs. all other studies®

Studies with BCC cases that were explicitly first ever BCC cases versus other studies® 0.96 0.73 1.26

Case-control vs. cohort studies® 0.91 0.70 1.17

Hospital- vs. population-based case-control studies™* 1.18 0.72 1.93

Women vs. men®? 0.87 0.57 1.32

Increase of latitude by one degree® 0.99 0.98 1.00 0.02

* The categorization of studies is shown in Table 1

b The regression coefficient and 95% confidence interval is the same for studies both with cumulative exposure variables and without exposure
reference groups containing “all other occupations’/the general population as compared to all other studies

¢ Study [42] was excluded from this analysis as the control group included both hospital- and population-based controls
4 This analysis used the sex-specific risk estimates from the studies [18, 21, 25, 34, 35, 37] and [43]

¢ The following latitudes were allocated to the studies: 27 [20, 22], 34 [45], 36 [18], 43 [35, 36], 46 [42], 47 [28], 55 [34, 43], 59 [25] and 63 [19,
21]. The study by Zanetti et al. 2006 [37] involved subjects from Italy, Spain, France, Portugal, Denmark, Germany and Argentina. Due to the

wide range of latitudes, this study was excluded from this analysis

[4]. In comparison, our pooled estimate based on all studies
was only 1.20 (95% CI 1.02—1.43). The main reasons for
this difference were already mentioned in the Introduction.
Of the previous systematic reviews, only the review by
WHO/ILO working group [4] evaluated study risk estimates
in dependence on RoB. The analysis for non-melanoma
skin cancer (NMSC, i.e. BCC and/or SCC) showed a lower
pooled risk estimate for studies with only low RoB (1.11;
95% CI 0.86—1.43) as compared to studies with a high RoB
in at least one of nine domains (1.98; 95% CI 1.44-2.72)
(Fig. A7.8, page 180); most of the studies with low RoB also
had a low RoSB according to our criteria. A stratification of
the studies from WHO/ILO working group’s meta-analysis
on BCC (Fig. A6.4, page 170) would result in a pooled risk
estimate of 0.98 (95% CI 0.76—1.26) for studies with low
RoB (acc. to Fig. 5, page 56) and, in addition, low RoSB
according to our criteria [37, 42, 43, 45] (Online Resource
11). The studies with high RoB in any of the nine domains
(acc. to Fig. 5, page 56) would yield a pooled risk estimate
of 1.67 (95% CI 1.12-2.49). Despite the divergent results
of their stratified analysis on NMSC risk, WHO/ILO work-
ing group [4] concluded a moderate quality of evidence for
a positive association between occupational solar exposure
and NMSC. In our view, this conclusion is not justified.

Further aspects

We did not formally investigate BCC risk related to occu-
pational solar exposure separately for BCC at different
anatomic locations, for different histologic BCC subtypes
or for subjects with different skin sensitivity (skin type or
tanning ability). Only few studies provided information on
these questions, specifically few studies with adjustment for

@ Springer

age and sex and with low RoSB [20, 28, 34, 36, 43, 45].
One study showed increased risks of BCC at the head/neck
and of nodular BCC, especially in relation to shorter occu-
pational solar exposure, but not of BCC at the trunk and of
superficial BCC [20]. On the contrary, another study showed
a positive association between occupational solar exposure
and BCC at the trunk but not BCC at other locations [45].
Future studies should investigate these issues further.
Protection measures and work conditions might affect
BCC risk in outdoor workers, e.g. clothes, headgear, sun-
screen, sunglasses, working in shade/shading of workplaces,
work breaks when UV index is highest, etc. We did not evalu-
ate the influence of such measures on risk estimates. Indeed,
this was usually not focused in the included original studies.
In some studies, the exposure variables were weighted or
the analyses were adjusted for some protection measures,
usually clothes worn. Yet, no study stratified the analysis by
protection measures/work conditions or conducted analyses
using variables such as “work in intense sun” or “work in
sun without protection”. Thus, present study results must be
interpreted against the background of habitual work condi-
tions and protection measures in the study populations.

Conclusion

We reason that the current epidemiologic evidence base
does not permit the conclusion that regular outdoor workers
have an increased risk of BCC. Studies with low risk of bias,
particularly with low risk of selection bias, do not show a
positive association between occupational solar exposure
and BCC. Many of the available studies on natural UV radi-
ation and BCC rather suggest that intensive UV exposure
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periods during spare time and sunburns (frequently defined
as “intermittent” exposure) increase risk. Future studies
should investigate if the frequent observation of a higher
BCC risk in subjects with a comparably high SES can be
explained by intermittent intense UV radiation exposure
periods that lead to erythema and sunburns. Additionally,
the influence of diagnostic/detection bias on risk estimates
should be quantified.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s10654-
023-01061-w.
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