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Abstract
The relationship between solar ultraviolet radiation and the risk of breast cancer is conflicting. The purpose of our study was to
quantitatively assess the relationship between solar ultraviolet radiation and breast cancer risk and to analyze related factors such as
age and sunscreen use.
Articles indexed in PubMed and Embase and published between January 2005 and March 2020 were searched for relevant

keywords. The relative risk was calculated using random-effect or fixed-effect models in the meta-analysis and dose-responsemeta-
analysis, which were conducted according to the Meta-Analyses of Observational Studies in Epidemiology reporting guidelines.
Sensitivity analyses for heterogeneity and publication bias were evaluated.
Six studies were eligible for inclusion in the meta-analysis, and three of these were included in the dose-response analysis. We

found a correlation between exposure to solar ultraviolet radiation and breast cancer risk (relative risk: 0.70, 95% confidence interval:
0.65, 0.75). We also found a linear dose-response relationship between the exposure and breast cancer risk (relative risk: 0.86, 95%
confidence interval: 0.81, 0.91) in women over 40. Not tanning and covering the limbs were associated with breast cancer risk, but
sunscreen use was not.
Exposure to solar ultraviolet radiation is negatively correlated with breast cancer risk, and the association is linear in women over

40. This is the first dose-response meta-analysis on the topic, and the influence of factors such as estrogen receptor status,
occupational exposure, and ethnicity requires in-depth study.

Abbreviations: CI = confidence interval, NOS = Newcastle–Ottawa scale.
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1. Introduction

Breast cancer is one of the most commonmalignancies in women,
accounting for approximately 30% of tumors in women in the
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United States in 2019.[1] Studies have shown that age, family
history, age at first menstruation and at menopause, use of
progesterone and related products, genemutations, smoking, and
other lifestyle factors affect the risk of developing breast cancer.[2]

Exposure to ultraviolet radiation is associated with the
development of a number of diseases, such as actinic keratosis
and skin cancer.[3,4] 50% to 70% of squamous cell carcinomas
and 50% to 90% of basal cell carcinomas in Caucasians are
associated with ultraviolet radiation,[5] but certain wavelengths
of sunlight (290–310nm) may reduce the risk of breast cancer
and some other tumors.[6] In a cohort study on the relationship
between solar ultraviolet radiation and breast cancer, exposure
was not associated with the overall risk of invasive breast cancer
or with estrogen receptor status.[7] Other ecological and cohort
studies have suggested that exposure to sunlight may actually
reduce the risk of breast cancer.[8–10]

A previous meta-analysis showed that exposure to ultraviolet
radiation may reduce the risk of breast cancer[11] but did not
assess the dose-response relationship and did not explicitly
describe the relationship between sunscreen use, limb coverage,
and breast cancer risk. In addition, the role of age in modifying
such as association is unknown. Therefore, we undertook to
quantitatively assess the association between exposure to solar
ultraviolet radiation and breast cancer risk.
The dose-response meta-analysis offers unique advantages

over the traditional meta-analysis, as it can assess a relationship
quantitatively and graphically. The purpose of this study was to
quantitatively analyze the relationship between exposure to solar
ultraviolet radiation and breast cancer risk. We extracted data
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from case-control studies, evaluated the quality of the studies,
and conducted a dose-response meta-analysis stratified by age.
Next, we analyzed risk factors for breast cancer that are related to
the exposure, such as sunscreen use and limb coverage. Finally,
we investigated whether estrogen receptor or progesterone
receptor status affected the relationship.
2. Methods

2.1. Search strategy

We searched the PubMed and Embase databases using the
following keywords in the search bar: “sunlight,” “ultraviolet,”
“breast cancer,” “sunscreen,” “sun protection,” and “risk.” We
limited the publication dates to January 2005 toMarch 2020.We
also collected articles from reference lists, observing the following
criteria: the study is a case-control study; the article must include
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Figure 1. Flow chart

2

the term “breast cancer”; exposure factors must include
ultraviolet light; the article must specify the relative risk,
advantage ratio, or risk ratio adjusted for confounders, and
the corresponding confidence interval (CI) can be obtained or
calculated from the article. We conducted the meta-analysis
following the Meta-Analyses of Observational Studies in
Epidemiology reporting guidelines.
2.2. Data extraction

We obtained the following information from the articles
included: first author’s last name, year of publication, geographi-
cal location, sample size, how ultraviolet exposure wasmeasured,
and confounding factors assessed in each study. The CIs and
effect quantities (relative risk and odds ratio) under various
exposure categories were extracted. An approximate relative risk
value can also be obtained from the odds ratio in case-control
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NOTE: Weights are from random effects analysis
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Figure 2. Multivariate-adjusted risk of breast cancer for the highest versus lowest categories of exposure to solar ultraviolet radiation.[20–25] CI= confidence interval,
TNBC = triple-negative breast cancer.

Table 1

Characteristics of eligible studies investigating the association between exposure to solar ultraviolet radiation and breast cancer risk.

Article Country Sample size (cases) Exposure Adjustments Study quality (star rating)

John 2007[20] USA 4183 (2054) Self-reported lifetime
outdoor activity

Age, race/ethnicity, education, family history of breast cancer,
personal history of benign breast disease, age at
menarche, number of full-term pregnancies, breastfeeding,
body mass index, height, physical activity, and alcohol
consumption

∗∗∗∗∗∗∗∗

Knight 2007[21] Canada 2107 (972) Time spent outdoors Reference age, ethnicity, family history in first-degree
relatives, ever breast-fed, education, age menarche, and
age at first birth

∗∗∗∗∗∗∗∗

Blackmore 2008[22] Canada 1894 (759) Outdoor activity Age, ethnicity, family history, ever breastfed, education, age
menarche, age at first birth

∗∗∗∗∗∗∗∗

Aderson 2011[23] Canada 6521 (3101) Time spent
in the sun

Age, marital status, education, ethnicity,body mass index,
smoking status and packyears, breastfeeding, lactation, age
at menarche, Oral Contraceptive use, Oral Contraceptive
duration,parity, age at first live birth, age at last
menstruation, duration of Hormone Replacement Therapy
use, history of benign breast disease, family history of
breast cancer,screening mammogram,alcohol intake, fat
intake,calorie intake, physical activity, phytoestrogen intake,
vitamin D and calcium intake

∗∗∗∗∗∗∗∗

Bidgoli 2014[24] Iran 176 (60) Daily sunlight
exposure

Not specified
∗∗∗∗∗∗∗

Qin 2019[25] USA 1402 (1015) Time spent outdoors Age, education, age at menarche, menopausal status, age at
first birth, ever breastfeeding, first-degree family history of
breast cancer, history of benign breast disease, body mass
index, vigorous physical activity, total energy intake, and
total vitamin D intake.

∗∗∗∗∗∗∗∗
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studies.[12] If a study reported multiple exposure periods (ages),
the information was recorded for each exposure period. All
information was stored in a structured table.
2.3. Statistical analysis

In the meta-analysis, we set the minimum exposure interval from
the articles as a reference, and compared the maximum exposure
intervals to assess the effect on breast cancer risk. Other factors,
such as sunscreen use and limb coverage, were also set as
references and used for comparisons. The heterogeneity of effects
between studies was evaluated by the I2 statistic, and I2<50 or a
Q test P-value< .1 indicated significant heterogeneity.[13] We
used both random-effect and fixed-effect models. A sensitivity
analysis was conducted by excluding 1 study at a time (“leave one
out” approach) to assess whether the effect values changed
significantly. Funnel plots, Begg test, and Egger test were used to
assess publication bias.
We performed a dose-response analysis of the relationship

between the exposure dose of solar ultraviolet radiation and
breast cancer, took the midpoint of the upper and lower limits of
the exposure dose for each interval as the average exposure dose,
and assumed that the threshold value of the open interval would
NOTE: Weights are from random effects analysis
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Figure 3. Multivariate-adjusted association of limb coverage and risk
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have the same range as the interval of the nearest category.
The general least-squares method proposed by Greenland and
Longnecker was used to perform the dose-response analy-
sis.[14,15] We investigated the association between the exposure
dose and breast cancer risk using a restricted cubic spline model
with 4 fixed percentiles (5%, 35%, 65%, and 95%) of exposure
distribution.[16] The between-study variance of the linear dose
response and the between-study covariance matrices of the non-
linear dose response were evaluated by the Greenland and
Longnecker method. The nonlinear P-value was calculated after
checking that the coefficient of the second spline was zero.[17] All
analyses were performed in Stata 14.0 (StataCorp, College
Station, TX), and the “glst” and “xblc” packages were used for
dose-response data analysis and graphing.
2.4. Assessment of study quality

We used the Newcastle–Ottawa Scale (NOS) for observational
studies to assess the quality of the studies and the risk of bias
(Supplemental files “NOS questions, http://links.lww.com/MD/
F163” and “NOS scoring, http://links.lww.com/MD/F164”).
NOS evaluates, http://links.lww.com/MD/F165 study quality
and the risk of bias from the selection of cases and controls, the
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of breast cancer.[21,22] CI = confidence interval, RR = relative risk.
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comparability of cases and controls, and the ascertainment of
exposure and non-response rates.[18] We modified the scoring
criteria to account for adjustments for age and other con-
founders. Studies that adjusted for age and 5 or more
confounders received 2 stars, studies that only adjusted for age
or had ambiguous confounders received 1 star, and studies that
did not adjust for confounders received no stars. Standards in
selection and ascertainment earned the studies more stars. We
used this format because a simple quality score based on the level
of evidence does not provide sufficient stratification. The
maximum NOS score is 9 stars. Studies with 5 or more stars
were considered to be of high quality.[19]

3. Results

3.1. Literature search and study selection

We searched PubMed and Embase using the designated
keywords and obtained articles from references. A total of 594
records were retrieved, 144 duplicate articles were excluded, and
436 articles were excluded after review of titles or abstracts
(Fig. 1). The full texts of 14 articles were read and 8 records were
excluded because they were not case-control studies. Six articles
were included in the analysis (Table 1).[20–25]
NOTE: Weights are from random effects analysis
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3.2. Summary relative risk for the highest versus lowest
category of exposure to solar ultraviolet radiation

Three of the articles[21–23] contained 16 sub-studies; we
integrated the sub-studies as separate research results (Fig. 2).
The overall relative risk of breast cancer in the highest and the
lowest exposure dose categories was 0.70 (95% CI: 0.65, 0.75),
and no significant heterogeneity was observed (I2=0%, P= .479).

3.3. Analysis of other factors

Because we included only a few articles, we only analyzed limb
coverage, tanning, sunscreen use, and traveling to sunny areas in
winter. We found correlations with limb coverage (relative risk:
1.32, 95% CI: 1.16, 1.50; Fig. 3) and not tanning (relative risk:
1.25, 95% CI: 1.09, 1.42; Fig. 4). The data did not support a
correlation between sunscreen use (relative risk: 0.95, 95% CI:
0.88, 1.04; Fig. 5) or winter travel to sunny areas (relative risk:
0.98, 95% CI: 0.91, 1.06; Fig. 6).
We also analyzed breast cancer incidence by type[22,25] and

found that sunlight exposure was negatively correlated with
estrogen receptor-positive and progesterone receptor-positive
breast cancer (relative risk: 0.72, 95% CI: 0.57, 0.92) and with
estrogen receptor-positive and progesterone receptor-negative
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f breast cancer.[21,22] CI = confidence interval, RR = relative risk.
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NOTE: Weights are from random effects analysis
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Figure 5. Multivariate-adjusted association of sunscreen use and risk of breast cancer.[21–23] CI = confidence interval, RR = relative risk.
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breast cancer (relative risk: 0.64, 95% CI: 0.44, 0.94; Fig. 7). No
correlation was found for estrogen receptor-negative and
progesterone receptor-negative breast cancer (relative risk:
0.87, 95% CI: 0.67, 1.11).

3.4. Dose-response analysis

We conducted a dose-response analysis of 3 case-control studies
that included 16 sub-studies[21–23] with a total of 4832 breast
cancer patients and stratified the findings by age. A non-linear
relationship was observed between the exposure dose and the
incidence of breast cancer (non-linear P= .02). In women aged 20
to 30 years, breast cancer risk declined as the radiation dose
increased (relative risk: 0.92, 95% CI: 0.90, 0.95; Figs. 8 and 9).
The articles included in the study did not provide data for women
aged 31–40 years. An insignificant linear relationship was seen
(non-linear P= .07; relative risk: 0.89, 95% CI: 0.85, 0.93; Figs.
10 and 11), and in women over 40, the exposure dose and breast
cancer risk had a linear dose-response relationship (nonlinear
P= .46, relative risk: 0.86, 95% CI: 0.81, 0.91; Figs. 12 and 13).
For each increase of 1000mW/m2 hours in the dose of sunlight,
breast cancer risk was reduced by 10%.
6

3.5. Evaluation of study quality and risk of bias

All articles scored more than 5 stars. Five articles scored 8
stars[20–23,25] and 1 article scored 7 stars,[24] indicating no
significant risk of bias (Table 1). A sensitivity analysis (Fig. 14)
showed that no study had a significant impact on the relationship
between exposure to solar ultraviolet radiation and breast cancer
risk, and no substantial publication bias was found (Fig. 15;
Egger test P= .22; Begg test P= .25).

3.6. Ethical approval

We did not collect original epidemiological or clinical data in this
study. This study analyzed anonymized published data from
other studies.
4. Discussion

We conducted a meta-analysis to study the relationship between
exposure to solar ultraviolet radiation and breast cancer risk, and
found that overall, exposure was negatively correlated with
breast cancer risk, consistent with the conclusion drawn by the
previous meta-analysis.[11] When stratifying by age, we found a
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Figure 6. Multivariate-adjusted association of traveling to sunny areas in winter and risk of breast cancer.[21,22] CI = confidence interval, RR = relative risk.
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negative and linear dose-response relationship in women over 40,
contrasting with the conclusions of previous meta-analyses. We
also analyzed other factors related to exposure to sunlight, and
found no significant correlation between sunscreen use and breast
cancer risk. Not tanning and limb coverage were positively
correlated with breast cancer risk.
Vitamin D has been shown to be protective against liver

cancer.[26] Vitamin D inhibits the release of tumor necrosis factor
a induced by pancreatic ductal adenocarcinoma and reactivates
the nuclear factor kappa B signaling pathway for an anti-tumor
effect.[27] In the present assessment, we found an overall negative
association between exposure to solar ultraviolet radiation and
breast cancer risk, perhaps because sunlight (at 280–315nm)
catalyzes the synthesis of vitamin D,[28] which can reduce breast
cancer risk.[23] Vitamin D can inhibit the proliferation of breast
cancer cells by inducing apoptosis and down-regulating the
expression of kv10.1 channels.[29–31] Vitamin D has been shown
to inhibit the transcription and expression of KCa1.1 channels in
mda-mb-453 breast cancer cells, inhibiting their proliferation.[32]

Ultraviolet radiation can increase the content of 25-hydroxy
vitamin D in the lobular epithelium of the terminal ducts of the
breast, reducing cancer risk.[33] In addition, vitamin D can
enhance the effect of certain anti-cancer drugs. For example,
7

astemizole and vitamin D can synergize to decrease the
expression of ki-67 (a cell proliferation marker) and kv10.1,
inhibiting the proliferation of human breast cancer cells.[34] The
combination of paclitaxel and vitamin D can enhance the efficacy
of taxanes and reduce the incidence of paclitaxel-induced
peripheral neuropathy.[35,36]

We found an association between not tanning and breast
cancer risk, suggesting a connection to melanin formation,
perhaps via melanin’s scavenging of free radicals.[37] Less skin
pigmentation has been correlated with higher levels of estrogen,
and estrogen stimulates the division of breast epithelial cells,
increasing breast cancer risk.[38]

In our meta-analysis, we also found a correlation between limb
coverage and breast cancer risk, perhaps via reduction of the area
exposed to sunlight, thereby inhibiting the synthesis of vitamin D
and melanin.[38,39]

As for the relationship between exposure and breast cancer
subtypes, we found that exposure was negatively correlated with
estrogen receptor-positive breast cancer, which was consistent
with the conclusion of the previous meta-analysis.[11] However,
because there are few related studies and the findings may be
modified by other factors, such as age and menstruation status,
the underlying reason is unclear.

http://www.md-journal.com
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Figure 7. Multivariate-adjusted risk of breast cancer for the highest vs. lowest categories of exposure to solar ultraviolet radiation stratified by estrogen receptor
(ER) and progesterone receptor (PR) status.[22,25] CI = confidence interval, RR = relative risk, TNBC = triple-negative breast cancer.
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Figure 9. Association between exposure to solar ultraviolet radiation and risk
of breast cancer among women aged 10 to 19 yr in a linear model.[21–23]
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Figure 12. Association between exposure to solar ultraviolet radiation and risk
of breast cancer among women aged over 40 in a nonlinear model.[21–23]
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Figure 13. Association between exposure to solar ultraviolet radiation and risk
of breast cancer among women aged over 40 in a linear model.[21–23]
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Figure 11. Association between exposure to solar ultraviolet radiation and risk
of breast cancer among women aged 20 to 30 yr in a linear model.[21–23]
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Figure 10. Association between exposure to solar ultraviolet radiation and risk
of breast cancer among women aged 20 to 30 yr in a nonlinear model.[21–23]
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Obesity and ethnicity can also affect breast cancer risk. Obesity
may affect the levels of circulating free estradiol, contributing to
the development of breast cancer.[40] Estrogen has been linked to
DNA damage and angiogenesis, promoting tumorigenesis and
tumor metastasis.[41,42] Elevated levels of reactive oxygen species
in obese individuals have been associated with DNA damage and
the incidence of breast cancer.[41,43] Genetic predisposition to
cancer may also be involved, and ethnic differences in the levels of
secreted protein acidic and rich in cysteine[44,45] may decrease
survival time in breast cancer patients and increase the recurrence
rate.[46] The impact of other gene expression differences on breast
cancer risk may perhaps be elucidated using comparative data
from tools such as next-generation sequencing.[47] Lifestyle
factors such as diet, chronic diseases, and smokingmay also affect
the development of breast cancer.[41,48] Occupational exposures,
such as to diesel exhaust,[49] may increase the risk of breast
cancer.
We performed—to our knowledge, for the first time—a meta-

analysis of case-control studies and a quantitative dose-response
analysis of the relationship between exposure to ultraviolet
radiation and breast cancer incidence and stratified the results by
age. Our findings can provide guidance for clinicians on advising
sun protection strategies.
Several limitations should be noted. Although no overt

heterogeneity was found, the number of case-control studies
included was small and the study populations were mainly North
American, limiting the generalizability of the findings. Evidence is
also lacking on the relationship between the exposure and breast
cancer subtypes. In addition, there was no information on
exposure and breast cancer risk in women aged 31 to 40 years.
Moreover, none of the studies accounted for occupational
exposures or ethnic factors, potentially biasing their results.
5. Conclusion

Our meta-analysis found that exposure to solar ultraviolet
radiation reduces the risk of breast cancer, especially in women
over 40. No significant association was found for sunscreen use.
This is the first quantitative dose-response meta-analysis on this
topic, and the findings may be useful for dermatologists and
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oncologists. Estrogen receptor status, tanning, and limb coverage
may affect the risk of developing breast cancer.
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