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Abstract

Background: Prolonged sun exposure is a major risk factor for basal cell carcinoma (BCC) due to cumulative
UV-induced DNA damage. Studies have shown that outdoor workers face a significantly higher likelihood of
developing BCC, with the risk further amplified by inadequate protective measures.

Objective: This study investigates the impact of sun exposure duration and occupational risk on BCC at Dr.
Moewardi General Hospital.

Methods: A cross-sectional study was conducted from September to December 2024 involving 78 subjects
meeting the inclusion criteria. They were allocated study into two groups, BCC and non-BCC groups.
Occupational risk was assessed by type of work, length of work, use of protective equipment, and duration of
sun exposure. Sun exposure was expressed in hours/day, p value <0.05 was statistically significant.

Results: There were 32 subjects with BCC and 46 subjects non-BCC. Our analysis obtained that occupational
risk in the form of outdoor work type (p = 0.001; OR = 4.85), length of work > 20 years (p = 0.005; OR = 3.81),
and use of protective equipment (p = 0.032; OR = 2.74) were associated with the incidence of BCC. The duration
of sunlight exposure in the BCC group was found to be longer, at 5.31 hours/day than the non-BCC group,
2.78 hours/day (p <0.001). The ROC curve obtained the cutoff point of sun exposure duration of 3.5 hours /
day (p <0.001; OR =10.12).

Conclusion: Daily sun exposure of 3.5 hours or more, outdoor work, and length of work >20 years, and not
using protective equipment during work effect on the development of BCC.
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Introduction 2021, with a prevalence of 0.0091%.5 Chronic sun

Basal cell carcinoma (BCC) is the most common
skin malignancy, typically occurring in sun-expo-
sed areas.! It represents 75% of all skin cancers?
and arises from basal cells in the hair follicle and
dermis, leading to local invasion.? The global inci-
dence ranges from 4-8%, with higher rates in men
and regions with intense sun exposure. In Indo-
nesia, BCC is the most common skin cancer, with
a prevalence of 3.8-5.2%.4 At Dr. Moewardi Gen-
eral Hospital, 182 cases were recorded from 2016-

exposure, with a latency of 15-20 years, is a key
risk factor.6 Other factors include genetic predis-
position and occupational exposure.” Indonesia’s
high Ultraviolet Index (UVI) increases the risk for
outdoor workers.8 The pathogenesis of BCC is
multifactorial, with the Hedgehog signaling path-
way playing a central role.* Clinically, BCC pre-
sents in various forms, such as nodular, super-
ficial, and infiltrative, and is diagnosed via dermo-
scopy and histopathology.® Histopathology is ess-
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ential for subtype classification. Surgical excision
is the first-line treatment.” Due to the significant
role of sun exposure, protective measures for out-
door workers are vital. This study explores the
impact of occupational risks and sun exposure
duration on BCC incidence at Dr. Moewardi Gen-
eral Hospital, offering insights for prevention.

Methods

This study is a retrospective cross-sectional study
conducted on patients with BCC at the visiting
dermatology outpatient clinic of Dr. Moewardi
Hospital, Surakarta, Indonesia between Septe-
mber and December 2024. The inclusion criteria
were patients aged >18 years and diagnosed with
BCC based on clinical and histopathological exa-
minations. Exclusion criteria included patients
with incomplete medical records or a history of
other skin malignancies.

Demographic data and medical history were obta-
ined from medical records, while information on
occupation, protective equipment use, work dura-
tion, and sun exposure duration was collected thr-
ough direct interviews. Data analysis was perfor-
med using IBM SPSS version 20, with bivariate
analysis conducted using the Chi-square and Fish-
er's exact tests to assess the significance of risk
factors for BCC, along with odds ratio (OR) calcu-
lations. The study also employed a Receiver Ope-
rating Characteristic (ROC) curve analysis to dete-
rmine the cut-off value for sun exposure duration
based on the highest sensitivity and specificity. A
p-value < 0.05 was considered statistically signi-
ficant.

Results

This study included 32 BCC and 46 non-BCC sub-
jects. Females were more prevalent in both groups,
with a male-to-female ratio of 1:1.67 in the BCC
group and 1:1.19 in the non-BCC group. The ave-
rage age was higher in the BCC group (64.03 years)
compared to the non-BCC group (46.47 years).
Education levels differed, with most BCC patients
having only primary school education (43.8%) and
the non-BCC group mainly high school graduates
(43.5%). Outdoor workers accounted for 65.6% of
the BCC group and 28.3% of the non-BCC group.

Table 1: Characteristics of Study Subjects: This table
summarizes the demographic and clinical characteristics of
the study participants.

L. BCC Non BCC

Characteristic
(n=32) (n =46)

Gender
Male 13  40.6% 20 435%
Female 19 594% 26 56.5%
Age (years) 64.03 +12.57 46.47 +15.86
Education
No schooling 5 156% 3 6.5%
Primary school 14 438% 8 174%
Junior high school 6 188% 5 10.9%
Senior high school 5 15.6% 20 43.5%
Tertiary education 2 6.3% 10 21.7%
Occupation
Outdoor work 21  65.6% 13 28.3%
Laborer 10 47.6% 7 53.8%
Farmer 10 47.6% 3 231%
Professional worker 1 4.8% 0 0.0%
Employee 0.0% 1 7.7%
Motorcycle taxi driver 0 0.0% 1 7.7%
Student 0 0.0% 1 7.7%
Indoor work 11 344% 33 71.7%
Merchant 5 455% 3 9.1%
Housewife 3 27.3% 7 21.2%
Employee 2 182% 14 424%
Retired 1 91% 2 6.1%
Healthcare worker 0 0.0% 1 3.0%
Teacher 0 0.0% 3 9.1%
Student 0 0.0% 1 3.0%
Unemployed 0 0.0% 2 6.1%

Employment duration

>20 years 20 625% 14 30.4%
<20 years 12 375% 32 69.6%
Protective gear use

Yes 13  40.6% 30 652%
No 19 594% 16 34.8%
Sunscreen use

Yes 4 125% 18 39.13%
No 28 875% 28 60.86%

Among outdoor workers, laborers and farmers
represented 47.6% and 47.6%, respectively, in the
BCC group, while in the non-BCC group, they
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were 53.8% and 23.1%. Indoor workers made up
34.4% of the BCC group and 71.7% of the non-BCC
group, with merchants (45.5%) and housewives
(27.3%) being the most common in the BCC group.

Table 2: Skin Type and Location of BCC Lesion: This
table presents the skin types and anatomical locations
where Basal Cell Carcinoma (BCC) lesions were observed
among study participants.

Longer employment duration (>20 years) was - BCC
. Characteristic
more common in the BCC group (62.5%) compa- (n=32)
red to the non-BCC group (30.4%). Protective gear Skin Type
usage (e.g. hats, sleeves) was reported in 40.6% of I 2 6.25%
the BCC group and 65.2% of the non-BCC group. v 20 62.5%
Sunscreen use was notably lower in the BCC gro- v ' 0 255
up (12.5%) compared to the non-BCC group  BCC lesion location .
(39.13%) (Table 1). Nasal 10 o1.25%
Frontal 6 18.75%
The majority of BCC patients had skin type 4 Orbital 7 21.87%
(62.5%) followed by skin type V (31.25%) and 1 Buccal 2 6.25%
patient with type III (6.25). The most common BCC Zygomaticus 2 6.25%
lesion locations being nasal (31.25%) and orbital Infraorbital 5 6.25%
(21.87%) (Table 2). Outdoor occupations increased Temporal 1 312%
the risk of BCC by 4.85 times (p = 0.001; OR = 4.85), Oral 1 312%
while not using protective gear raised the risk by Mental 1 3.12%
, ROC Curve - Table 3: Occupation-Related Risk for the Occurrence of BCC: This
Py table outlines the occupational factors contributing to the risk of
— developing BCC, including job type, exposure levels, and related risk
0 —'_./_ - factors.
/ BCC Non BCC _
o Characteristic OR Ii
;‘5 ' (n=32) (n = 46) value
% Occupation 485  0.001*
@ o4
/ Outdoor work 21 656% 13 283%
| Indoor work 11 344% 33 717%
02—
l‘l Protective gear use 274  0.032*
|
1o No 19 594% 16 34.8%
0o 02 04 08 08 10
1 -Speciicity Yes 13 40.6% 30 652%
Sunscreen use 45 0.0206*
Flgl'lre 1: RQC Curve T.estb Results: The No 28 875% 28 60.86%
receiver operating characteristic (ROC) curve
illustrates the diagnostic performance of the Yes 4 125% 18 39.13%
model used in the study, showing sensitivity, Uy exposure duration ~ 5314217 2.78+2.13 <0.001*

specificity, and accuracy at different thresholds.

2.74 times (p = 0.032; OR = 2.74), and not using
sunscreen increased the risk of developing BCC by
4.89 times (p = 0.0206; OR = 4.89). The average sun
exposure was 5.31 hours/day for the BCC group
and 2.78 hours/day for the non-BCC group, with
a significant difference (p < 0.001), highlighting

the strong link between sun exposure and BCC
(Table 3). Additionally, working in outdoor jobs
for 20 years or more increased the risk of BCC by
5.63 times (p = 0.020; OR = 5.63) (Table 4).

A receiver operating characteristics (ROC) curve
test was then conducted to determine the cutoff
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point for sun exposure duration
that could lead to BCC. The ROC
curve analysis revealed a cutoff
point of 3.5 hours/day with a
sensitivity of 78.1% and specifi-
city of 73.9% (Figure 1).

The cutoff point of 3.5 hours/
day was then analyzed to ass-
ess its impact on the risk of
BCC occurrence (Figure 2).

Table 4: Risk of Prolonged Work Duration and Outdoor Work in the
Development of BCC: This table examines the relationship between extended
work duration, outdoor occupations, and the incidence of BCC among the
study population.

Outdoor
Characteristic BCC Non BCC OR p-
value
(n=21) (n=13)

Employment duration 5.63 0.020*
>20 years 15 714% 4 30.8%

<20 years 6 28.6% 9  692%

1.000

0.900

0.800

0.700

ROC CURVE COORDINATES

0.600

0.500

0.400

0.300

0.200

0.100

0.000 0.00 1.50

— Sensitivity ~ 1.000 0.938
Specificity ~ 0.000 0.326

2.50 3.50 4.50 5.50 6.50 7.50 9.00 11.00
0.875 0.781 0.656 0.531 0.281 0.250 0.000 0.000
0.652 0.739 0.783 0.848 0.957 0.957 0.978 1.000

Cutoff curve

Figure 2: Cutoff Point Curve Results: This figure presents the cutoff points derived from the data, indicating the optimal
thresholds for predicting the occurrence of BCC.

The data analysis revealed
that a duration of sun exp-
osure of 3.5 hours/day or
more significantly affects
the occurrence of BCC, inc-
reasing the risk of BCC by
up to 10 times (p = <0.001;
OR =10.12) (Table 5).

Table 5: Sunlight Exposure Duration and BCC Occurrence: This table details the
correlation between the duration of sunlight exposure and the occurrence of BCC in
the study subjects.

Parameter Bec Non BCC OR p-
(n=32) (n = 46) value

Sunlight exposure duration 10.12 <0.001*

<3,5 hours/day 7 21.9% 34 73.9%

3,5 hours/day or more 25 78.1% 12 26.1%
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Figure 3: Ultraviolet Radiation (UVR) Carcinogenesis:
This figure depicts the pathway of UV radiation-induced car-
cinogenesis, illustrating the biological mechanisms leading to
BCC development.19

Discussion

Basal cell carcinoma (BCC), the most common skin
malignancy and a non-melanoma skin cancer ori-
ginating from the epidermal basal layer, typically
occurs in sun-exposed areas and was first iden-
tified in the 1820s.110 In 2019, there were 4 million
BCC cases globally, with a 10% annual increase.!
BCC incidence varies, with rates of 224 per 100,000
in Europe and 16 per 100,000 in Asia.12 In Jakarta,
BCC accounted for 66% of skin cancers in 2019,

while a study in Surakarta found 19 cases, predo-
minantly in females.1013 In this study, the average
age of BCC patients was 64.03 years, with females
(59.4%) outnumbering males. Aging reduces DNA
repair,!* but susceptibility to ultraviolet (UV) dam-
age also depends on skin type. While the Fitzpat-
rick scale suggests that darker skin types (IV-VI)
are less prone to skin cancer, it can still occur in
these skin types.15 In this study, most BCC patients
had skin type IV (62.5%), followed by type V
(31.25%), with one patient having type III.

Ultraviolet B (UVB) radiation from sunlight is the
primary cause of BCC by directly damaging DNA
in keratinocytes, leading to gene expression altera-
tions that promote cancer. Ultraviolet A (UVA)
radiation also produces reactive oxygen species
(ROS), which can damage DNA.16 Sun exposure-
induced genetic mutations disrupt the Hedgehog
signaling pathway, vital for stem cell maintenance
and tissue repair. In BCC, this pathway is aberr-
antly activated, contributing to tumor formation.”
UV exposure also likely inactivates the TP53 tum-
or suppressor gene and activates the RAS proto-
oncogene, further promoting carcinogenesis.’® The
pathogenesis of UV radiation carcinogenesis is
illustrated in (Figure 3).

Indonesia’s National Report (April 2024) high-
lights UV measurements in Bandung and Watu-
kosek, with UV-B irradiance at 280-315 nm. Data
from the Automatic Weather Station and Ozone
Monitoring Instrument on Aura show UVI ranges
from 9 to 13.8 The Standard Erythemal Dose (SED),
measuring erythemally-weighted UV exposure,
equals 100 J/m? and is independent of skin type.
Minimal Erythema Dose (MED) represents the thr-
eshold for skin damage. People with skin types IV
or V, common in Indonesia, have a higher MED,
tolerating more UV exposure before erythema occ-
urs.20 However, the high UVI in Java Island, rang-
ing from 7.8 to 13.6 (peaking in October), may
exceed the average Indonesian MED.2! According
to the WHO UVl scale, levels 1-2 require minimal
protection, while levels 3-7 necessitate shade, pro-
tective clothing, and SPF 15+ sunscreen. At levels
8+, extra precautions are needed.?2 Sunscreens inc-
lude either chemical or physical ingredients that
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shield the skin from UV radiation, including UVA,
UVB, and UVC rays.? Consistent with earlier stu-
dies, this study found that not using sunscreen rai-
sed the likelihood of developing BCC by 4.89 times
(p = 0.0206; OR = 4.89).

A 2023 study by Yu et al, in the U.S. and a 2020
study by Cai et al, in Japan both found that out-
door workers have an increased risk of developing
BCC, with the latter reporting a 2.18 times higher
likelihood.?? Outdoor jobs involve greater expo-
sure to sunlight compared to indoor jobs, which,
combined with lifestyle and genetic factors, incre-
ases the risk of BCC.1624 This study found that out-
door work increases BCC risk by 4.85 times, and
lack of protective measures raises the risk by 2.74
times.

Chronic sun exposure can lead to BCC lesions after
years or decades of cumulative cell degeneration.?>
A 2023 study by Lashway et al, found sun expo-
sure increases BCC risk by 1.4 times, while Bauer
et al, (2020) reported moderate to high exposure
doubles the risk, with chronic exposure over 15
years potentially causing epidermal damage and
triggering BCC lesions.2 This study found that
sun exposure of 3.5 hours per day or more incre-
ases the risk of BCC by up to 10 times. Addition-
ally, working for more than 20 years was associ-
ated with a 5.63 times higher risk of developing
BCC. These findings underscore the critical role of
prolonged, unprotected sun exposure in the deve-
lopment of BCC, emphasizing the importance of
protective measures, particularly for outdoor wor-
kers with long-term exposure.

Conclusion

Daily sun exposure of 3.5 hours or more signifi-
cantly increases the risk of developing basal cell
carcinoma (BCC). Engaging in outdoor work, par-
ticularly for extended periods exceeding 20 years,
further elevates this risk due to prolonged expo-
sure to harmful UV radiation. Not using protective
equipment during work hours exacerbates the sit-
uation, as it leaves the skin more vulnerable to the
damaging effects of sunlight, thereby contributing
to the development of BCC.
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