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ABSTRACT
Objectives Previous epidemiological studies have
indicated that solar ultraviolet B radiation (UVR) may
have a protective effect on breast cancer. However,
the evidence remains inconclusive. Despite the fact
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Results We observed no overall association between
occupational UVR exposure and breast cancer. After
the age of 50 years, longer duration of UVR exposure
(≥20 years: OR=0.83, 95% CI 0.75 to 0.92) and highest
cumulative exposure (OR=0.89, 95% CI 0.83 to 0.95)
were inversely associated with risk. Our results did not
reflect any notable risk difference by oestrogen receptor
status.
Conclusions This study indicates an inverse association
between long-term occupational UVR exposure and late-
onset breast cancer. This finding needs further attention
in future occupational studies.
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Breast cancer is the most common cancer in women
and the incidence has been rising over the last half of
the 20th century. Acknowledged risk factors mainly
include reproductive, lifestyle, medical and genetic
factors,1 although these cannot explain all breast
cancer cases or the increase in incidence rates.2
Vitamin D is essential for optimal health3 and
it may have anticarcinogenic properties. These
are likely mediated by the vitamin D receptor that
controls the transcription of genes involved in cell
proliferation, angiogenesis, cell differentiation and
apoptosis, which are important biological processes

Key messages
What is already known about this subject?

►► Solar ultraviolet B radiation (UVR) may have

a protective effect on breast cancer; however,
the evidence remains inconclusive due to
methodological limitations in previous studies.

What are the new findings?

►► This is the first study exploring the association

between occupational UVR exposure and breast
cancer using objective lifetime employment
history.
►► The findings indicate that long-term UVR may
decrease the risk of late-onset breast cancer.
How might this impact on policy or clinical
practice in the foreseeable future?
►► Advice about regularly spending a short period
of time outside in the sun could be considered
especially for female indoor workers.

that are changed during carcinogenesis.4 Vitamin D
is produced endogenously when solar ultraviolet B
radiation (UVR) interacts with 7-dehydrocholesterol
in the skin. Other sources include dietary intake and
supplementation, although UVR accounts for the
majority of total vitamin D in healthy individuals.3
Despite the fact that sunlight is important for
maintaining adequate vitamin D levels, there has
been progress in the promotion of sun avoidance,
which is mainly due to greater public awareness of
UVR’s harmful effects, for example, skin cancer,
in more recent decades.5 In addition, the increase
in the use of computers for both work and leisure
time activities has resulted in people spending a
higher proportion of their time in indoor rather
than outdoor settings.6 Hence, it has been hypothesised that relatively recent modern behavioural
patterns of sun avoidance, contributing to vitamin
D deficiency worldwide,3 may be associated with
the increase in breast cancer incidence rates.
A substantial body of literature has explored the
association between circulating levels of vitamin D
and breast cancer, and a recent meta-analysis7 has
reported an inverse association with increasing
levels. However, most of these studies are generally
limited by postdiagnostic and few measurements of
vitamin D, which may not reflect usual long-term
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METHODS
All residents in Denmark are given a 10-digit personal identification number (PIN) from the Danish Civil Registration System
(DCRS), which has systematically attained demographic information on all residents of Denmark since 1968.26 The PIN is
used as a unique key to all public administration, including
individual-level register-based data on health and demography,
and in the present study it was used to link information from
relevant registries.

Group database28 was used to retrieve additional information
on oestrogen receptor (ER) status during the period 1978–2015.
For each case, we used the incidence density sampling procedure to randomly select five female controls from the DCRS
matched on the year of birth. They were also required to be
born in Denmark and have employment history, and further to
be alive and free of breast cancer at the time of diagnosis of the
index case. After this process, a total of 191 875 controls were
included for analyses.

Exposure assessment

We retrieved full employment history from the Danish Supplementary Pension Fund Register (ATP), and registration in this
registry was a prerequisite for eligibility in the study. ATP holds
employment history on a company level, including information
on start and end of each employment lasting at least 9 hours/
week, company name and a unique eight-digit company number
for tax purposes backdating to 1964 for all wage earners in
Denmark. All information is kept even if a company closes, or
employees emigrate or die.29 Statistics Denmark has classified
companies into a five-
digit branch/industry code (in Danish:
‘Danmarks Statistiks Erhvervsgrupperingskode, DSE’)30 corresponding to an extended version of the four-digit International
Standard Industrial Classification of all Economic Activities.29 31
The Nordic Occupational Cancer Study Job Exposure Matrix
(NOCCA-JEM)32 entails converted UVR measurements reflecting
exposure levels in Danish occupational settings, and this JEM
was partly used to translate each employment held by the Danish
women into occupational UVR exposure. However, as the original employment coding in the NOCCA-JEM is based on the
Nordic Classification of Occupations (NYK), a Danish version
of the JEM was constructed, and this was based on a crosswalk
translating exposed NYK codes into Danish DSE codes. This
translation was undertaken by a Danish occupational expert and
coauthor of this article (JH), and it also involved a further expert
evaluation of each of the more detailed DSE codes. Thus, each
industry representing various jobs was categorised according to
presumed average occupational UVR exposure level (none, low,
medium, high). To improve specificity, women with minimal
occupational UVR exposure, that is, <1 year, were categorised
as unexposed (see online supplemental table 1 for an overview
of exposed industries).

Case and control selection
Since 1943 all cancers diagnosed in Denmark have systematically been registered in the national Danish Cancer Registry27
according to various classifications: before 1978, an extended
Danish version of the International Classification of Diseases
Revision 7 (ICD-7) was used; between 1978 and 2003 ICD-O
was used; and afterwards Revision 10 (ICD-10) was used.
Primary breast cancer cases were identified in the study period
ending in 2016 using converted codes according to ICD-10
(C50).
Work history was available from 1964 (see next section), and
in order to ensure complete information on this from the age of
18, enabling an assessment of lifetime occupational UVR exposure, we restricted cases to women born in Denmark >1946.
Consequently, the age at diagnosis for included cases was
≤70 years. A total of 45 787 cases who were born ≥1946 were
identified; however, we excluded 4065 cases as they were not
born in Denmark and 3347 cases since registration on employment during the study period was lacking. After this process,
a total of 38 375 confirmed cases were included in the study.
In addition, the clinical Danish Breast Cancer Cooperative

Covariates

The presumed causal interplay of known or suspected risk
factors for breast cancer is visualised in a directed acyclic graph
(DAG) (online supplemental figure 1). Partly based on this DAG
and availability of information, socioeconomic status (SES) and
reproductive factors, that is, parity and age at first live birth,
were included from the DCRS, which updates the demographic
information of all residents on a daily basis. SES was based on
self-reported information on job title, which initially originated
from annual tax returns or official change of address forms. This
information was categorised according to SES using the Danish
Institute of Social Sciences’ definition: academics (≥5 years),
middle education (3–4.5 years), shorter education (2–3 years)
following high school, skilled workers and unskilled workers.33
Further, an additional group consisted of women with missing
information on job title, which included approximately 22% of
our study population. Full information on reproductive factors
relating to childbirth was available, including parity (0, 1–2,
≥3) and the exact age at first live birth (<25, 25–29, 30–34
and ≥35). In addition, possible confounding by work-related
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levels. In other explorations, different measures of UVR exposure have been used as surrogates for long-term vitamin D,8–21
and a recent meta-
analysis of these epidemiological studies
reported that ambient UVR, primarily based on residential latitude, was not associated with the risk of breast cancer, whereas
self-reported time outdoors was inversely associated with risk.22
However, ambient measures may not reflect actual individual-
level UVR exposure, while self-
reported measures may be
susceptible to recall bias, which altogether limits the evidence.
A limited number of studies have included information on
occupational UVR exposure,11 14 15 21 which may be considered
critical as employment history may be especially useful in ranking
individuals according to lifetime UVR exposure.23 Workers in
outdoor settings are exposed to considerably higher levels of
UVR exposure compared with indoor workers, especially during
the summer, as vitamin D synthesis mainly occurs between 10:00
and 15:00, that is, during normal working hours, in northern
and southern latitudes.24 A recent systematic review supports
this, as indoor workers were shown to have significantly lower
levels of serum vitamin D compared with their outdoor counterparts, and this was attributed to less exposure to UVR.25 Hence,
objective work history data reflecting outdoor activities may be a
more reliable measure of long-term UVR exposure than ambient
and self-reported measures.
To add to the sparse epidemiological evidence in this overall
scale, registry-
based data
research area, we obtained large-
on lifetime employment history to investigate the association between occupational UVR exposure and breast cancer,
including subtypes, in a case–control study using a Danish job
exposure matrix.

Workplace
Table 1 Characteristics of breast cancer cases and their matched
controls in the study population of Danish women
 

Cases (n=38 375) (%)

Controls
(n=191 875) (%)

Socioeconomic status

Statistical analysis

 Academics

1870 (4.9)

To evaluate the association between occupational UVR exposure
and breast cancer, including subtypes by ER status, conditional
logistic regression for matched data sets was used to calculate the
OR with corresponding 95% CI. In the fully adjusted models,
age at first live birth, parity and work-related physical activity
were included, and succeeding multivariable analyses restricted
to women with no missing information on SES were conducted
as well, which virtually yielded similar results (data not shown).
Further analyses were undertaken stratifying according to
women’s age at the index date (<50, ≥50 years old), which was
used as a proxy for menopausal status.
In the overall analyses, we explored ever versus never being
exposed to UVR in an occupational setting as well as the duration of exposure and cumulative exposure. We calculated duration of exposure by summing the years of employment in all
exposed jobs (1–9 years, 10–20 years, >20 years). Further,
cumulative exposure was defined as the product of duration and
level of exposure in each exposed job, which was summed over
the woman’s employment history, and the categorisation was
based on the percentiles among the exposed controls (>0–25,
>25–50, >50–75, >75). To explore potential duration and
dose–response relationships, we conducted trend tests using
ordinal scores.
As the time before first pregnancy is considered a window of
susceptibility for breast cancer34 and self-reported UVR exposure
in younger ages has been indicated to have a protective effect on
breast cancer,22 it was hypothesised a priori that UVR exposure
in this period could particularly have a beneficial effect on the
risk. Moreover, vitamin D status near the time of diagnosis has
been inversely associated with risk of breast cancer, indicating
that vitamin D may also affect late stages of tumour development.35 Thus, analyses exploring the impact of UVR exposure
according to first live birth (before vs after) and in the last held
job before index date (yes vs no) were conducted as well.
All analyses were performed with Stata V.14.2 statistical
software.

 Middle education

4141 (10.8)

18 244 (9.5)

 Shorter education

6709 (17.5)

32 651 (17.1)

 Skilled

9165 (23.9)

46 539 (24.2)

 Unskilled

7977 (20.8)

42 324 (22.1)

 Unknown

8513 (22.1)

42 875 (22.3)

RESULTS
The distribution of acknowledged risk factors was largely consistent with current knowledge, that is, cases generally had higher
SES, lower parity and older age at first liveborn child, although
they were marginally more likely to have been employed in
work with physical activity. The distribution of hormonal cancer
subtypes also followed an expected pattern as a relatively larger
proportion of cases were diagnosed with ER+ tumours (table 1).
The adjusted results showed no notable effect of occupational
UVR exposure on the overall risk of breast cancer, although
the risk tended to decrease with longer duration of exposure
(≥20 years: OR=0.85, 95% CI 0.78 to 0.93) (table 2).
Results for early-onset breast cancer (before age 50 years) did
not indicate any important duration and dose–response relationships for UVR exposure and risk of breast cancer. For late-
onset cancer (after age 50 years), the risk slightly decreased with
longer duration of exposure (≥20 years: OR=0.83, 95% CI 0.75
to 0.92) and higher cumulative exposure (>75%: OR=0.89,
95% CI 0.83 to 0.95) (table 3).
288

9142 (4.8)

Reproductive factors
Number of children
 0

4572 (11.9)

20 865 (10.9)

 1–2

32 136 (83.8)

160 509 (83.7)

 ≥3

1667 (4.3)

10 501 (5.4)

1.8 (1.0)

1.9 (1.0)

Mean number (±SD)
Age at first live birth*
 <25

17 441 (51.6)

93 141 (54.4)

 25–29

10 549 (31.2)

52 367 (30.6)

 30–34

4368 (12.9)

18 913 (11.1)

 ≥35

1445 (4.3)

6589 (3.9)

Mean age (±SD)

27.2 (5.7)

26.9 (5.7)

Work-related physical activity
 Ever

19 483 (50.7)

96 184 (50.1)

 Never

18 892 (49.3)

95 691 (49.9)

Subtypes of breast cancer
ER status
 Negative

7063 (18.5)

 Positive

26 085 (67.9)

 Missing

5227 (13.6)

*Among parous women.
ER, oestrogen receptor.

The results did not reflect a noteworthy risk difference by ER
status as both subtypes tended to decrease with longer duration
of exposure (table 4).
However, more convincing inverse risk patterns were indicated for late onset of both hormonal subtypes (table 5).
When examining the risk by timing of exposure according to
first live birth and last held job, no striking risk differences were
generally observed (tables 2–4). Adjustment for the selected
potential confounders generally did not impact risk estimates in
any analysis (data with unadjusted results not shown).

DISCUSSION

The present study indicates that long-term occupational UVR
exposure is associated with a modestly reduced risk of breast
cancer, and our further analyses indicated duration and dose–
response relationships for UVR exposure and risk of late-onset
breast cancer. No notable difference in risk of breast cancer was
observed by ER status.
Incidence studies on UVR exposure and risk of breast cancer
overall demonstrate inconsistent findings, supporting either an
inverse association8–15 21 or no association.16–20 The inconsistency in existing studies may partly be due to the use of different
measures for UVR exposure, including ambient UVR, mostly
based on latitude of residence, as well as self-reported time spent
outdoors. Thus, a recent meta-analysis by Hiller et al22 reported
that ambient UVR was not associated with breast cancer, whereas
women reporting spending ≥1 hour per day outdoors during the
summer months in adulthood had a decreased relative risk of
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physical activity was assessed by also using a Danish version
JEM, and this information was categorised
of the NOCCA-
according to ever versus never working in a job with ‘heavy or
rather heavy physical activity’.

Workplace

Overall

Cases

Controls

OR*

95% CI

7825

38 933

0.99

0.97 to 1.02

Duration of exposure (years)
 1–9

6109

29 860

1.01

0.98 to 1.04

 10–20

1113

5603

0.98

0.92 to 1.05

603

3470

0.85

0.78 to 0.93

 >20
 Trend test (p value)

0.10

Cumulative exposure†
 >0%–25%

1956

9712

0.99

0.95 to 1.05

 >25%–50%

2040

9720

1.04

0.99 to 1.09

 >50%–75%

1975

9766

1.00

0.95 to 1.05

 >75%

1854

9735

0.94

(0.89 to 1.00)

 Trend test (p value)

0.40

Timing of first exposure‡
 Prior to first live birth

4299

20 872

1.02

0.98 to 1.05

 After first live birth

2627

13 783

0.98

0.93 to 1.02

Exposure in last held job§
 No

5971

29 820

0.99

0.96 to 1.02

 Yes

1854

9113

1.01

0.96 to 1.06

*Adjusted for parity, age at first live birth and work-related physical activity.
†Exposure level*years summed over employment history and categorised according
to percentiles among the controls.
‡Among parous women.
§Among women with lifetime occupational UVR exposure.
UVR, ultraviolet B radiation.

breast cancer compared with those spending less time, that is,
<1 hour per day (RR=0.84, 95% CI 0.77 to 0.91). Our results
are thereby supported by studies mostly using self-
reported
time spent outdoors as proxy for UVR exposure, which may be

considered a more reliable measure of true UVR exposure than
ambient measures.
Only a few of these epidemiological studies have incorporated occupation as a source of UVR exposure, including the
prospective cohort study among 5009 women by John et al,11
reporting that self-reported frequent occupational sun exposure
reduced the overall risk of breast cancer (RR=0.64, 95% CI 0.41
to 0.98). In an agricultural health study by Engel et al14 including
293 cases and 586 controls, wives of farmers reporting usual
sun exposure of ≥1 hour per day 10 years prior to follow-up
were also observed to have a reduced overall risk of breast
cancer (HR=0.8, 95% CI 0.6 to 1.0). Knight et al15 including
972 cases and 1135 controls observed an inverse association
between self-
reported number of years of working outdoors
and breast cancer, but only at ages 10–19 (≥1 year of employment: OR=0.61, 95% CI 0.46 to 0.80). In a subsequent study
based on the same study population including 759 cases and
1135 controls, Blackmore et al21 examined the risk of hormonal
subtypes of breast cancer and detected an increased risk of all
subtypes among women with occupational UVR exposure.
Although Hiller et al22 reported that only self-reported exposure in younger ages, that is, <40 years of age, was indicated to
have a protective effect, our results indicated no reduced risk
with exposure before first live birth. Previous studies based on
both ambient and self-reported measures examining timing of
UVR exposure and breast cancer are few and generally show
inconsistent results,8 12 15 16 19 20 and exposure time windows
therefore need to be studied further. In addition, we did not
detect a reduced risk in women with UVR exposure in their last
held job, and our results are therefore conflicting with a recent
review supporting an inverse association between serum vitamin
D status close to index date and risk of breast cancer.35 However,
important limitations exist in some studies detecting this association, including postdiagnostic measurements.

Table 3 Observed number of exposed cases and controls and OR with 95% CI for breast cancer before and after the age of 50 years in Danish
women by proxies for occupational UVR exposure
<50 years

≥50 years

Cases

Controls

OR*

95% CI

Cases

Controls

OR*

95% CI

3319

16 125

1.02

0.98 to 1.07

4506

22 808

0.97

0.94 to 1.01

 1–9

2674

13 071

1.02

0.97 to 1.07

3435

16 789

1.01

0.97 to 1.05

10–20

484

2218

1.08

0.97 to 1.19

629

3385

0.92

0.84 to 1.00

>20

161

836

0.94

0.80 to 1.12

442

2634

0.83

0.75 to 0.92

Overall
Duration of exposure (years)

Trend test (p value)

0.25

0.00

Cumulative exposure†
 >0%–25%

780

4016

0.96

0.89 to 1.04

1169

5674

1.01

0.95 to 1.08

 >25%–50%

848

4046

1.05

0.97 to 1.13

1178

5722

1.01

0.95 to 1.08

 >50%–75%

842

4031

1.04

0.96 to 1.12

1129

5707

0.97

0.91 to 1.04

 >75%

849

4032

1.04

0.97 to 1.13

1030

5705

0.89

0.83 to 0.95

Trend test (p value)

0.08

0.01

Timing of first exposure‡
Prior to first live birth

2042

9748

1.05

1.00 to 1.11

2257

11 124

0.99

0.94 to 1.04

847

4456

1.01

0.94 to 1.10

1780

9327

0.96

0.91 to 1.01

No

2440

11 922

1.01

0.97 to 1.06

3531

17 898

0.97

0.93 to 1.01

Yes

879

4203

1.04

0.97 to 1.13

975

4910

0.98

0.91 to 1.05

After first live birth
Exposure in last held job§

*Adjusted for parity, age at first live birth and work-related physical activity.
†Exposure level*years summed over employment history and categorised according to percentiles among the controls.
‡Among parous women.
§Among women with lifetime occupational UVR exposure.
UVR, ultraviolet B radiation.
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Table 2 Observed number of exposed cases and controls and
OR with 95% CI for breast cancer in Danish women by proxies for
occupational UVR exposure

Workplace

ER−

ER+

Cases

Controls

OR*

95% CI

Cases

Controls

OR*

95% CI

1387

6935

1.00

0.93 to 1.06

5462

26 858

1.01

0.97 to 104

 1–9

1090

5437

1.00

0.93 to 1.07

4231

20 384

1.03

0.99 to 1.07

10–20

201

939

1.06

0.91 to 1.24

783

3954

0.98

0.91 to 1.06

96

559

0.85

0.68 to 1.06

448

2520

0.88

0.79 to 0.97

Ever
Duration of exposure (years)

>20
Trend test (p value)

0.75

0.46

Cumulative exposure†
 >0%–25%

325

1726

0.94

0.83 to 1.06

1380

6701

1.02

0.96 to 1.08

 >25%–50%

358

1735

1.03

0.91 to 1.16

1421

6720

1.05

0.99 to 1.11

 >50%–75%

357

1740

1.02

0.91 to 1.15

1383

6720

1.02

0.96 to 1.08

 >75%

347

1734

0.99

0.88 to 1.12

1278

6717

0.94

0.89 to 1.00

Trend test (p value)

0.73

0.84

Timing of first exposure‡
Prior to first live birth

758

3797

1.01

0.93 to 1.10

3006

14 220

1.04

1.00 to 1.09

After first live birth

457

2357

0.97

0.88 to 1.01

1860

9694

0.99

0.94 to 1.04

No

1035

5251

0.98

0.91 to 1.06

4208

20 661

1.01

0.97 to 1.05

Yes

352

1684

1.04

0.93 to 1.17

1254

6197

1.01

0.95 to 1.07

Exposure in last held job§

*Adjusted for parity, age at first live birth and work-related physical activity.
†Exposure level*years summed over employment history and categorised according to percentiles among the controls.
‡Among parous women.
§Among women with lifetime occupational UVR exposure.
ER, oestrogen receptor; UVR, ultraviolet B radiation.

Skin adaptation from regular exposure to solar UVR at work
may also explain why women in their last held job were not
observed to have a reduced breast cancer risk. In particular,
thickening of the stratum corneum part of the skin, induced by
regular exposure to solar UVR, may lead to increased protection
against UVR by a factor of five or even higher and may thereby
also lead to a reduced production of vitamin D.
We only observed a reduced risk of breast tumours after the
age of 50 years, approximating postmenopausal status, following
long-term UVR exposure. Relatively few studies in this research
area have explored the risk by menopausal status,8 9 14 15 and
no evidence of difference in associations has generally been

reported, although one study observed a more pronounced
reduced risk of postmenopausal breast cancer in women living
in regions with higher UVR exposure,9 which in part confirms
our observation.
No noteworthy difference in the reduction of risk of hormonal
cancers after the age of 50 years was indicated by our results. A
limited number of epidemiological studies have examined the
risk by ER status as well and the evidence is inconsistent.13 14 20 21
Therefore, subtypes of breast cancer should be addressed further
in future studies as well.
Our results showing an inverse association between long-term
occupational UVR exposure level and late-onset breast cancer

Table 5 Observed number of exposed cases (obs) and OR with 95% CI for subtypes of breast cancer, that is, by ER status, before and after the age
of 50 years in Danish women by proxies for occupational UVR exposure
<50 years

≥50 years

ER−

Ever

ER+

ER−

ER+

Obs

OR*

95% CI

Obs

OR*

95% CI

Obs

OR*

95% CI

Obs

OR*

95% CI

746

1.02

0.93 to 1.11

2112

1.06

0.99 to 1.11

641

0.97

0.88 to 1.06

3350

0.98

0.94 to 1.02

Duration of exposure (years)
 1–9

596

1.00

0.90 to 1.10

1688

1.05

0.99 to 1.11

494

1.00

0.90 to 1.11

2543

1.01

0.97 to 1.06

10–20

114

1.14

0.93 to 1.41

311

1.11

0.98 to 1.26

87

0.97

0.77 to 1.23

472

0.91

0.82 to 1.00

>20

36

1.11

0.77 to 1.60

113

0.99

0.80 to 1.21

60

0.75

0.57 to 0.98

335

0.85

0.75 to 0.95

Trend test (p value)

0.31

0.04

0.17

0.02

Cumulative exposure†
 >0%–25%

159

0.87

0.73 to 1.04

502

1.00

0.90 to 1.10

166

1.00

0.83 to 1.17

872

1.02

0.94 to 1.10

 >25%–50%

187

1.03

0.87 to 1.21

531

1.08

0.98 to 1.19

178

1.07

0.88 to 1.24

879

1.03

0.95 to 1.11

 >50%–75%

200

1.10

0.93 to 1.28

544

1.08

0.98 to 1.19

154

0.92

0.74 to 1.07

841

0.98

0.91 to 1.06

 >75%

200

1.09

0.93 to 1.28

535

1.07

0.97 to 1.18

143

0.86

0.69 to 1.00

758

0.89

0.82 to 0.96

Trend test (p value)

0.17

0.01

0.24

0.05

*Adjusted for parity, age at first live birth and work-related physical activity.
†Exposure level*years summed over employment history and categorised according to percentiles among the controls.
ER, oestrogen receptor; UVR, ultraviolet B radiation.
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Table 4 Observed number of exposed cases and controls and OR with 95% CI for subtypes of breast cancer, that is, by ER status, by proxies for
occupational UVR exposure

Workplace
may not increase the levels further.39 Consequently, an exact
estimation of cumulative UVR exposure may not be imperative
when exploring the association with breast cancer, but rather an
evaluation of the likelihood of regular UVR exposure on a long-
term basis. Thus, our somewhat crude UVR exposure assessment
based on objective employment history may still be considered
useful.
We did not have information on other sources of UVR exposure, that is, leisure time spent outdoors and sunbathing vacations. UVR exposure levels at leisure and after working hours
have not been reported to differ between indoor and outdoor
workers24; thus, occupational UVR may conceivably explain
the lower serum vitamin D levels observed in indoor workers
compared with outdoor workers.25 Moreover, previous studies
have not detected any association between breast cancer and lifetime sunbathing vacations17 20 as well as sunburns,10 12 15 17 19 20
indicating that more intermittent sun exposure may have limited
effect on risk of breast cancer. Hence, employment history may
be more important in predicting high versus low long-term UVR
exposure and contentious vitamin D status than leisure time
spent outdoors and sunbathing vacations, and lack of information on these other sources of UVR exposure may therefore not
have been a key restriction in our study.
Information on lifestyle factors, including use of oral contraceptives, hormone replacement therapy, obesity, alcohol
consumption and physical inactivity, was not available and may
thus have confounded our results. However, previous studies
adjusting for leisure time physical activity8 14 15 and other lifestyle variables8 9 11 13 15 17 18 have reported no or minimal alteration in risk estimates, and lack of this information in our
study is therefore not presumed to have been critical as well.
Our inverse associations may also be due to chance as we did
not account for multiple comparisons. Instead we focused on
discussing our findings according to biological plausibility and
existing evidence, which, it has been argued, will lead to fewer
errors of interpretation.40
To the authors’ knowledge, this is the first study exploring
the association between occupational UVR exposure and breast
cancer using objective lifetime employment history, which is
likely a more accurate indicator of actual exposure than cross-
sectional ambient measures, and a more reliable measure of
long-term exposure than self-reports. Moreover, we used a JEM
particularly developed to assess occupational UVR exposure in
Danish women, and we were able to explore duration and dose–
response relationships as well as time windows of exposure. A
strength was also the large-scale, case–control design with a high
number of incident breast cancer cases, including information on
hormonal subtypes, which were retrieved from reliable nationwide cancer registries.

CONCLUSION

This large-scale, population-based, case–control study indicates
that occupational UVR exposure may have a slightly protective
effect on the risk of breast cancer after the age of 50, independent of hormonal receptor status. This association needs to be
confirmed in future studies with more refined analyses including
important confounders.
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are believed to be largely mediated by contentious sufficient
vitamin D levels. Vitamin D has been shown to have anticarcinogenic properties by affecting important biological processes,
including cell proliferation, angiogenesis, cell differentiation
and apoptosis.4 Some alternative mechanisms have also been
suggested, including the effect of sunlight on circadian rhythm.
Sun exposure during the day can increase melatonin peak levels
at night, which may have anti-cell proliferative effects.36 Nevertheless, the present study cannot confirm any of these hypotheses. However, the potential pathway involving vitamin D is
supported by evidence from a recent meta-analysis7 suggesting
an inverse association between circulating levels of vitamin D
and breast cancer, although several of the included studies may
have been limited by few as well as postdiagnostic measurements, which do not reflect usual long-term vitamin D levels.
Despite the fact that solar UVR in countries at higher latitudes, including Denmark, is only intense enough during the
summer months to have a significant effect on skin synthesis of
vitamin D, vitamin D can be stored in adipose tissue for release
during periods of vitamin D deficiency.37 This mechanism may
in part explain the results from a recent study among UK population groups showing that regular UVR exposure during the
summer prevented vitamin D deficiency through the winter.38
Thus, occupational UVR exposure during the summer in Danish
women may secure sufficient vitamin D levels in the winter as
well.
There are some limitations to our study that need to be
addressed. Despite the fact that sun exposure is considered the
most important source of vitamin D for most people, dietary
intake and supplementation are also sources of vitamin D,3 which
may be especially important among groups with low exposure
to sunlight. However, lack of information on other sources of
vitamin D may not have been critical in our study when ranking
women according to long-term vitamin D levels using occupational UVR exposure as proxy, since indoor workers have been
shown to have significantly lower levels of serum vitamin D
compared with their outdoor counterparts, which was attributed
to less exposure to UVR.25
There are some restrictions to the use of employment data
from the ATP registry, which include that information on
periods with self-
employment is not available, for example,
self-employed farmers, who earlier constituted relatively large
groups.29 Hence, UVR exposure in women self-employed in this
profession may have been underestimated in our study. Moreover, each woman working in the same industry was assigned the
same exposure, although there may be exposure variance due to
different factors, including different held jobs and work tasks.
Hence, we lacked information on several work characteristics
and environmental factors (eg, job title, work tasks, hours of
daily work and sun protection behaviours), which all influence
individual-level UVR exposure. Therefore, our exposure assessment was relatively crude and may have involved unavoidable
non-differential misclassification.
On the other hand, Hiller et al22 observed that ≥2 hours per
day in the sun did not afford any additional benefit regarding risk
of breast cancer compared with 1–2 hours per day. Moreover, no
pattern of association with risk of breast cancer has generally
been reported in studies accounting for factors potentially modifying individual-level vitamin D production, for example, use of
sunscreen8 14 20 as well as sun-sensitive factors (eg, hair/eye colour
and skin pigmentation/ethnicity).8–10 12–15 17 19 20 These observations may be partly explained by the fact that relatively short
time in the sun, that is, less than half an hour per day, is enough
to secure maximal levels of vitamin D, and that additional time

Workplace
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