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A

Use of sunscreen and risk of melanoma
and non-melanoma skin cancer:
a systematic review and meta-analysis

Background: The use of sunscreen is a key component of public health
campaigns for skin cancer prevention, but epidemiological studies have
raised doubts on its effectiveness in the general population. Objectives:
This systematic review and meta-analysis aimed to assess the association
between risk of skin cancer and sunscreen use. Materials & methods:
We searched PubMed, BIREME and Google Scholar from inception
to May 17, 2017, to identify observational studies and controlled tri-
als. We used a random-effects model for conventional and cumulative
meta-analyses. Results: We included 29 studies (25 case-control, two
cohort, one cross-sectional, and one controlled trial) involving 313,717
participants (10,670 cases). The overall meta-analysis did not show a sig-
nificant association between skin cancer and sunscreen use (odds ratio
(OR) = 1.08; 95% CI: 0.91-1.28, I2 = 89.4%). Neither melanoma (25
studies; 9,813 cases) nor non-melanoma skin cancer (five studies; 857
cases) were associated with sunscreen use, with a pooled OR (95% CI)
of 1.10 (0.92-1.33) and 0.99 (0.62-1.57), respectively. The cumulative
evidence before the 1980s showed a relatively strong positive association
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between melanoma and sunscreen use (cumulative OR: 2.35; 95% CI:
1.66-3.33). The strength of the association between risk of skin can-
cer and sunscreen use has constantly decreased since the early 1980s,

and the association was no longer statistically significant from the early
1990s. Conclusions: While the current evidence suggests no increased
risk of skin cancer related to sunscreen use, this systematic review does
not confirm the expected protective benefits of sunscreen against skin
cancer in the general population.
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kin cancer is one of the most common malignan-
cies in the world and is an important public health
concern. The incidence of both melanoma and non-

elanoma skin cancer has increased over the past decades
1, 2]. Globally, around 350,000 melanomas and 13 mil-
ion non-melanoma skin cancers occur each year leading
o approximately 81,000 deaths [3,4]. In the Unites States,
he average annual number of adults treated for skin cancer
ncreased from 3.4 million in 2002-2006 to 4.9 million in
007-2011 [5]. During the same period, the average annual
otal cost for skin cancer increased from $3.6 billion to $8.1
illion.
xposure to ultraviolet (UV) radiation from sunlight is
86
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onsidered a major modifiable environmental risk factor
or skin cancer [6]. Therefore, primary prevention of skin
ancer focuses on reducing UV exposure through sun pro-
ection behaviours. The use of sunscreen is thought to be an
mportant adjunct to other types of protection against UV
adiation from sunlight, and is a key component of pub-
ic health campaigns for skin cancer prevention. However,
creen, skin cancer, melanoma, systematic review,

epidemiological studies have yielded conflicting informa-
tion about the relationship between risk of skin cancer
and use of sunscreen. Some studies [7-11] show that reg-
ular sunscreen use could significantly reduce the risk of
skin cancer while other studies [12-20] report an increased
risk of skin cancer related to sunscreen application. Four
previous systematic reviews have assessed the associa-
tion between risk of melanoma and sunscreen use [21-24].
Despite the differences in the number of included studies
and some inconsistencies in data extraction, all four reviews
show no significant overall association between risk of
melanoma and use of sunscreen. However, non-melanoma
skin cancer, which represents more than 90% of all cases
doi:10.1684/ejd.2018.3251
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nd risk of melanoma and non-melanoma skin cancer: a systematic review and

of skin cancer [4, 25], has not been addressed in previous
reviews.
We conducted this systematic review and meta-analysis
of observational and experimental epidemiological stud-
ies to assess the relationship between risk of skin cancer
(melanoma and non-melanoma) and sunscreen use in adults
and children. Besides the conventional meta-analysis, we
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erformed cumulative meta-analysis to track how the body
f evidence has shifted over time. We also explored the
ossible reasons for conflicting results across studies. We
ypothesized that the strength and direction of the associ-
tion between risk of skin cancer and sunscreen use may
ave changed significantly over the last three decades.

ethods

e followed the PRISMA (Preferred Reporting Items for
ystematic Reviews and Meta-Analyses) guidelines [26]

o conduct and report this review. The review protocol was
ompleted in 2015 and approved by a panel of experts,
onsisting of two epidemiologists and one dermatologist.

atabases and search strategy
e searched PubMed, Google Scholar, and the Virtual
ealth Library of the Latin American and Caribbean Center
n Health Sciences Information (BIREME), which con-
ains Medline, LILACS, and more than 20 other databases
http://bvsalud.org). All databases were initially searched
rom inception until November 30, 2015, with no language
estrictions. We updated the literature search on May 17,
017. We used the following search terms for PubMed:
sunscreen OR sunblock OR “suntan lotion” OR “sunburn
ream” OR “sun cream” OR “block out” OR “solar pro-
ector”) AND (“skin cancer” OR “skin tumor” OR “skin
eoplasm” OR melanoma OR “basal cell carcinoma” OR
squamous cell carcinoma”). We used “human species” as a
earch limit. For Google Scholar and BIREME, we used the
ollowing search strategy: sunscreen AND (“skin cancer”
R melanoma OR “basal cell carcinoma” OR “squamous

ell carcinoma”). Different types of articles (case-control,
ross-sectional, cohort and controlled trial) were used as
earch limits on BIREME. Given the excessive number of
ecords on Google Scholar, we searched only the titles of
rticles. We examined the reference lists of retrieved pri-
ary studies and systematic reviews to identify additional

elevant studies.

election of studies
o be included in this review, studies had to meet all of the
ollowing criteria: (1) Study design: observational studies
case-control, cross-sectional or cohort) or controlled tri-
ls; (2) Participants: adults, children or both; (3) Exposure
f interest: use of sunscreen classified into two or more
ategories according to frequency of use; (4) Outcomes:
ny type of skin cancer (melanoma, basal cell carcinoma or
quamous cell carcinoma).
hree review authors independently assessed the titles and
bstracts of all citations identified by the searches. The
efinitive inclusion of studies was made after reviewing
JD, vol. 28, n◦ 2, March-April 2018

he full-text articles.

ata extraction
wo review authors independently extracted the data from
ach study using a standardized data extraction form. We
xtracted the following data: (1) Study characteristics: name
Time: 3:15 pm

of the first author, year of publication, country and set-
ting of study and study sponsor; (2) Participants: age,
gender, inclusion and exclusion criteria, type of sampling
and sample size; (3) Methods: study design, classifica-
tion of exposure (sunscreen use), definition of outcomes
(melanoma, basal cell carcinoma, and squamous cell car-
cinoma), instruments for data collection or data source,
potential confounders, and statistical analysis methods; and
(4) Results: for case-control studies: the number of cases,
number of controls, number of exposed and non-exposed in
each group, crude and/or adjusted odds ratio (OR), and 95%
confidence intervals (95% CI); for cross-sectional studies
and cohort studies: the total number of participants, number
of participants in exposed and non-exposed groups, num-
ber of persons with skin cancer in each group, crude and/or
adjusted relative risk (RR) and 95% CI; for randomized
controlled trials: the number of participants in the interven-
tion and control groups, number of persons with skin cancer
in each group, RR, and 95% CI.
We obtained the altitude (meters from sea level) and lati-
tude (degrees from the equator) of the study setting from
MyGeoPosition.com (http://mygeoposition.com). For mul-
ticentre studies, we used only geographical data from the
coordinating centre.

Study quality assessment
Two review authors independently assessed the quality of
each study according to the criteria of the National Institutes
of Health (NIH) [27, 28]. The study quality was rated good,
fair or poor, mainly based on the potential risk of selection
bias, information bias, measurement bias, and confounding
factors.

Statistical analysis
We used the random-effects model for conventional and
cumulative meta-analysis. The association between risk of
skin cancer and sunscreen use was assessed by pooled OR
and 95% CI. When RR and 95% CI were used as the mea-
sures of association in the primary studies, we estimated
the OR and 95% CI by reconstructing a 2 × 2 contingency
table. If there were no available data for reconstruction, we
used the RR and 95% CI for the meta-analysis given that
the RR is close to the OR when the outcome is a relatively
uncommon event such as skin cancer. For the overall meta-
analysis, we combined two or more categories of sunscreen
use as a single category “sunscreen use”, compared to the
reference category “no or rare use.
We assessed the heterogeneity of results between studies
using I2 statistic that ranges from 0% to 100%, with values
of 25%, 50%, and 75% corresponding to low, moderate,
and high heterogeneity, respectively [29].
To investigate the possible sources of heterogeneity, we
187

conducted a prior subgroup analyses based on type of skin
cancer, study design, sampling method, control for con-
founding factors, age group, date of data collection, latitude
of study location, and comparison of the frequency of sun-
screen use. We also conducted a post-hoc subgroup analysis
according to study quality. We conducted meta-regression
to assess the influence of geographical factors (altitude and
latitude) of study location on the sunscreen effects.
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Full-text articles assessed
for eligibility ( n = 117)  

Records identified through 
databases and screened 
PubMed (n =  1509)
BIREME (n = 66) 

30 papers reporting 29 studies 
review

Excluded on basis of 
titles and abstracts 
(n = 1619) 

Additional studies 
identified from the 
reference lists of 
retrieved studies and 
systematic reviews
(n = 1) 

Articles excluded (n = 88)
- Other outcomes (n = 70)
- Other types of articles (n = 5)
- Insufficient data (n = 5)
  Duplicates (n = 8)
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igure 1. PRISMA flow diagram of study selection showing
nd inclusion of studies.

e assessed publication bias using a funnel plot and
gger’s test. All meta-analyses were performed using Stata
ersion 11.0 (Stata-Corp, College Station, TX, USA).

esults

he search strategy identified 1,736 records from PubMed,
IREME and Google Scholar, and 29 articles met the

nclusion criteria. One additional paper was found through
eviewing the reference lists of systematic reviews. Thus, a
otal of 30 papers [7-20, 30-45] reporting 29 studies were
ncluded in the review (figure 1). Table 1 summarizes the
haracteristics of the 29 included studies, of which 28 were
bservational studies (25 case-control, two cohort, and one
ross-sectional) and one was a randomized controlled trial.
total of 313,717 participants (10,670 cases of skin cancer)
ere recruited from 13 countries across three continents

11 studies from America, 12 studies from Europe, and six
tudies from Asia-Pacific).
he overall meta-analysis including all 29 studies showed
o significant association between the risk of skin can-
er and sunscreen use (OR = 1.08; 95% CI: 0.91-1.28;
2 = 89.4%). The pooled OR was 1.11 (95% CI: 0.93-1.33;
2 = 90.2%) for 28 observational studies.
able 2 shows the results of subgroup analyses. The
ubgroup “melanoma” included 25 studies [7-10, 12-
88

0, 31, 33-36, 38, 39, 41-45] involving a total of 203,948
articipants (9,813 cases). Ten studies showed an increased
isk of melanoma related to sunscreen use while five stud-
es reported a protective effect of sunscreen use against

elanoma. The pooled results of 25 studies revealed that
he risk of melanoma was not significantly associated with
unscreen use (OR = 1.10; 95% CI: 0.92-1.33; I2 = 89.4%).
 

rocess of identification, screening, assessment for eligibility,

The subgroup “non-melanoma skin cancer” included five
studies [11, 30, 32, 37, 40] involving 110,914 participants
(857 cases). Four studies showed no significant associa-
tion, but one study revealed a protective effect of sunscreen
against squamous cell carcinoma. The pooled results of
five studies showed no significant association between
the risk of non-melanoma skin cancer and sunscreen use
(OR = 0.99; 95% CI: 0.62-1.57; I2 = 87.3%). In the sub-
group analysis according to latitude of study location, the
pooled OR was 1.54 (95% CI: 1.23-1.92, I2 = 90%) for
10 studies [13, 14, 16, 18-20, 30, 36, 39, 43] (3,933 cases)
conducted at latitude ≥450 from the equator, whereas it
was 0.89 (95% CI: 0.71-1.10, I2 = 79%) for 19 studies
[7-12, 15, 17, 31-35, 37, 38, 40-42, 44, 45] (6,737 cases)
conducted at latitude <450 (p = 0.001 for subgroup differ-
ence). There were no significant differences in the effect
size of sunscreen between other subgroups. The substantial
heterogeneity remained in all subgroups.
Figure 2 shows the results of cumulative meta-analysis.
A relatively strong positive association between risk of
melanoma and sunscreen use (cumulative OR = 2.35;
95% CI: 1.66-3.33) was observed when the analysis
included only three studies [12,15,16] conducted before the
1980s, involving a total of 1,364 participants (619 cases of
melanoma). The strength of the association between risk
of skin cancer and sunscreen use has constantly reduced
since the early 1980s, but the association remained sta-
tistically significant until the analysis included 13 studies
EJD, vol. 28, n◦ 2, March-April 2018

[8, 10, 12-16, 18, 19, 30-33] with data collection com-
pleted until the early 1990s (119,756 participants, 4,841
cases of skin cancer; cumulative OR = 1.25; 95% CI: 1.0-
1.56; p = 0.05). From then on, the association was no longer
statistically significant, and the cumulative point estimate
of OR has continued to move towards the null hypothe-
sis value (OR = 1). The cumulative OR and 95% CI have
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E

Table 2. Subgroup analyses of the association between risk of skin cancer and sunscreen use.

Subgroups Number
of studies

Number
of cases

OR (95% CI) I2 (%) for
heterogeneity

Type of skin cancer
Melanoma 25 9813 1.11 (0.93-1.33) 89.3
Non-melanoma 5 857 0.99 (0.62-1.57) 87.3

Study design
Retrospective (case-control,
cross-sectional)

26 9722 1.08 (0.90-1.30) 89.8

Prospective (cohort and
randomized trial)

3 948 1.09 (0.67-1.76) 86.1

Study quality
Good 3 1.08 (0.67-1.75) 86.1
Fair 23 1.06 (0.89-1.27) 88.3
Poor 3 1.25 (0.36-4.45) 95.2

Sampling method
Population-based 16 7586 1.17 (0.97-1.42) 87.5
Hospital- or clinic-based 13 3084 0.96 (0.69-1.35) 87.5

Control for confounding factors
At least one factor 18 6585 0.99 (0.78-1.27) 87.1
Factors including skin
colour/type and/or hair
colour

12 3983 1.00 (0.76-1.34) 86.1

No 11 4807 1.25 (0.99-1.57) 89.9

Date of data collection
Before 1990 9 3109 1.30 (0.95-1.78) 90.1
1990-1999 13 3823 0.98 (0.79-1.21) 77.0
2000 and thereafter 7 3738 1.06 (0.68-1.65) 94.4

Latitude of study location
< 450 from the equator
≥ 450 from the equator

19
10

6737
3933

0.89 (0.72-1.11)
1.54 (1.23-1.92)

90.2
79.0

Frequency of sunscreen use
Maximum frequency
(always/almost always vs.
never/rarely)

10 2995 1.14 (0.78-1.68) 83.1

1

1
2

r
t
o
a
T
s
s
r
c
a
s
p
e
t
h
T
f
c
c
p

Occasional vs. never/rarely 29

Age groups
Adults and adolescents 27
Children and adolescents 2

emained almost unchanged since the early 2000s, even
hough seven studies [11, 17, 40-43, 45] involving a total
f 187,747 participants (3,738 cases of skin cancer) were
dded to the analysis.
he meta-regression analysis showed an inverse relation-
hip between the OR (log scale) and the altitude of study
etting (coefficient of -0.0004; p = 0.02). However, the
esults were not statistically significant after adjusting for
ovariates (p = 0.69). The meta-regression analysis revealed

significant positive association between the OR (log
cale) and the latitude of study setting (coefficient of 0.02;
= 0.003), i.e. the higher the absolute latitude from the
JD, vol. 28, n◦ 2, March-April 2018

quator, the greater the odds ratio, and the less the pro-
ective effect of sunscreen against skin cancer, or even the
igher the risk of skin cancer associated with sunscreen use.
he results remained statistically significant after adjusting

or altitude, type of cancer, study design, sampling method,
ontrol of confounding factors (skin type/colour and/or hair
olour), and date of data collection (coefficient of 0.023;
= 0.01).
0670 1.08 (0.92-1.29) 89.3

0417 1.08 (0.90-1.29) 90.0
53 1.02 (0.78-1.35) 0

The funnel plot and Egger’s test did not reveal a significant
publication bias (figure 3).

Discussion

This systematic review and meta-analysis of 28 obser-
vational studies and one community-based randomized
trial, with a total of 313,717 participants (10,670 cases),
showed no significant overall association between the risk
of melanoma and non-melanoma skin cancers and use of
197

sunscreen. The geographical latitude seemed to influence
the effects of sunscreen, that is, the higher the latitude
where people live, the less the protective effect of sunscreen
against skin cancer.
The cumulative evidence before the 1980s revealed a rel-
atively strong positive association between the risk of
melanoma and sunscreen use. However, the strength of the
association between risk of skin cancer and sunscreen use
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Study

Klepp 1979 Melanoma 1974-1975 77 206 2.26 (1.25, 4.09)
2.42 (1.58, 3.70)
2.35 (1.66, 3.33)
1.85 (1.14, 3.01)
1.72 (1.24, 2.39)
1.56 (1.21, 2.00)
1.43 (1.08, 1.90)
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1.08 (0.91, 1.29)

1.07 (0.91, 1.25)
1.09 (0.93, 1.28)

945
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7406
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116198
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igure 2. Cumulative meta-analysis of the association betwee
stimates of cumulative odds ratio and the horizontal lines rep

as constantly reduced since the early 1980s, and the asso-
iation was no longer statistically significant from the early
990s. Several hypotheses have been proposed to explain
he positive association between risk of skin cancer, espe-
ially melanoma, and use of sunscreen, as shown by earlier
bservational studies, including compensation hypothesis,
nconsistent use, vitamin D deficiency, and lack of control
or confounding factors [46-49]. The median Sun Protection
actor (SPF) of commonly used sunscreens in the 1970s and
980s was 4-10 [48], and these sunscreens incorporated
ctive UV filters, limited largely to the UVB waveband.
eople who use low SPF/UVB sunscreens may stay longer

n the sun because of reduced risk of sunburn, and thus
98

ncrease their exposure to UVA radiation which may lead
o an increased risk of carcinogenesis.
he constant shift of the cumulative point estimate of the
ssociation between skin cancer and sunscreen use towards
he null hypothesis value through the 1990s may be partly
xplained by the improved efficacy of sunscreens in protect-
ng against solar UV radiation, particularly UVA rays, and
1 5.1
Favours sunscreen use Favours no sunscreen use

in cancer and sunscreen use. The solid squares represent point
nt 95% CIs.

the growing public awareness of the risk of excessive sun
exposure. These results may alleviate public concern about
the increased risk of skin cancer related to sunscreen use, as
reported by earlier epidemiological studies. However, the
expected protective benefits of sunscreen against skin can-
cer were not revealed by the cumulative meta-analysis, even
though seven new studies conducted in the 2000s, involv-
ing a large number of participants and cases of skin cancer,
were added to the analysis. This may raise the question as
to whether the use of sunscreens really protects against skin
cancer.
A 4.5-year community-based randomized controlled trial
conducted at Nambour, Australia, has been widely cited
EJD, vol. 28, n◦ 2, March-April 2018

to show the efficacy of daily use of a broad-spectrum
SPF15+ sunscreen in protecting against skin cancers in
adults [37, 38, 50]. However, caution should be taken when
extrapolating the results of this trial to the general popula-
tion. This trial was conducted in the low-latitude township
of Nambour, situated at 26◦ south latitude, where cumula-
tive sun exposure may affect the risk of skin cancer. The
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racticality and the cost of daily application of sunscreen
hould also be considered.

hile randomized trials assess the efficacy of an interven-
ion under “ideal” circumstances, epidemiological studies
an provide valid insights into the effectiveness of the inter-
ention in the “real” world. Why have most epidemiological
tudies, even recently conducted ones, not demonstrated
he expected effects of sunscreens in protecting against
kin cancer in the general population? The inappropriate
pplication of sunscreen has been postulated as the major
ause for the lack of protective benefits of sunscreen, even
road-spectrum ones [48, 51, 52]. People usually do not
pply enough sunscreen to achieve the claimed SPF, and
he actual SPF received may be only 20% to 50% of the
abelled SPF marked on the bottle. Additionally, reappli-
ation is generally considered a key element for obtaining
he most effective protection from sunscreen [52, 53], but

any people do not regularly reapply sunscreen [54]. Vita-
in D deficiency and confounding factors may also have

ontributed to the lack of protective effects of sunscreen
se, as shown by epidemiological studies.
he meta-regression analysis revealed an inverse relation-
hip between protective effect of sunscreen against skin
ancer and latitude of study location. Additionally, the
ubgroup analysis showed that use of sunscreens was asso-
iated with a non-significant decreased risk of skin cancer at
atitude <45◦ from the equator, whereas use of sunscreens
ould significantly increase the risk of skin cancer at latitude

◦

JD, vol. 28, n◦ 2, March-April 2018

45 . The influence of latitude on the association between
he risk of melanoma and sunscreen use has previously been
eported by Gorham et al. [23]. The authors hypothesized
hat the influence of latitude on the effect of sunscreen could
e explained by differences in skin type, rather than geo-
hysical effects of ultraviolet radiation at higher latitudes.
owever, the findings of the present systematic review do
ot totally support this hypothesis given that the latitudinal
atio (OR)

odds ratio (OR) against its standard error. The circles represent
effect estimate expressed as a log OR. Dashed lines represent
no small-study effects.

dependence of the effect of sunscreen on the risk of skin can-
cer remains after adjusting for several covariates, including
skin type and hair colour. We believe that the influence of
the latitude on the effect of sunscreen could be mediated
by UV radiation levels. It has been reported that, within
some countries, the incidence rates of melanoma and non-
melanoma skin cancers increase with decreasing latitude,
i.e. higher UV radiation levels [55-58]. It seems reasonable
that regular sunscreen use would have a greater protective
effect for persons at higher risk of skin cancer because they
live at lower latitudes and are exposed to higher levels of
UV radiation. In contrast, for people who live at higher
latitudes where UV radiation is weaker and less constant,
regular sunscreen use may provide less protection against
skin cancer, or even increase the risk of carcinogenesis.
While the current evidence suggests no increased risk of
skin cancer related to sunscreen, this systematic review and
meta-analysis does not confirm the expected protective ben-
efits of sunscreen use against skin cancer in the general
population. These results support a wide range of strategies
besides sunscreen use for primary prevention of skin can-
cer. These strategies include wearing hats and protective
clothing, seeking shade, limiting exposure during peak sun
hours, and avoiding tanning beds and other artificial UV
radiation sources [59-61].
Meta-analyses of observational studies are generally prone
to heterogeneity and bias [62, 63]. In this study, there
was substantial heterogeneity with regards to the over-
199

all meta-analysis and the heterogeneity remained high in
subgroup analyses according to study design, study qual-
ity, sampling method, control for confounding factors, age
group, frequency of sunscreen use, and date of data col-
lection. As many of these factors could simultaneously
affect the study results, it is difficult to identify the inde-
pendent contribution of each factor to the heterogeneity.
Moreover, other covariates may also influence the effects
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f sunscreens and contribute to the heterogeneity. These
ay include genetic predisposition, behaviour and lifestyle

abits, socioeconomic status, sun exposure habits, use of
ther sun protection methods, components of sunscreens,
nd techniques of sunscreen application. Unfortunately,
hese covariates have rarely been taken into account in
rimary studies.
he quality of evidence provided by this review could only
e graded as low, mainly due to inconsistency of the results
etween studies, retrospective design, and potential risk
f bias (selection bias, information bias, and confound-
ng factors) in most of the primary studies. Given that the
uality of current evidence is low and new sunscreen prod-
cts that efficiently block both UVA and UVB have been
vailable on the market for more than two decades, it is
ime to investigate the effects of new broad-spectrum sun-
creens on protecting against skin cancer in the general
opulation. Randomized controlled trials are considered
he “gold standard” for assessing the efficacy of an inter-
ention. However, such design requires large sample size
nd long trial duration. Moreover, the applicability of the
rial results to the general population is limited. Prospective,
eal-world, population-based observational studies would
e good options. Future studies should involve collection of
ata on both sunscreen use and appropriateness of applica-
ion (amount of sunscreen applied and reapplication). The
ata on confounding factors, such as genetic predisposi-
ion, behaviour and lifestyle habits, socioeconomic status,
un sensitivity, sun exposure, and use of other sun protec-
ion methods, should be collected and taken into account in
he analysis. The potential impact of latitude on the effects
f sunscreen on skin cancer risk should also be assessed in
urther studies. �
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