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Abstract

Purpose: In vivo and in vitro studies demonstrate a protective effect of caffeine on skin cancer.
However, epidemiologic data on both nonmelanoma skin cancer (NMSC) and melanoma are
conflicting. We aimed to clarify this association in addition to using these data to estimate the
number of skin cancers prevented and cost saved annually in the United States.

Methods: A literature review and meta-analysis of observational studies published until June
30th, 2019 that examined the association between coffee or tea intake and NMSC or melanoma
risk was performed. The DerSimonian and Laird method of the random effects model was used
to calculate summary relative risk (SRR) and 95% confidence intervals (95% Cl).

Results: We summarized 22 papers with 47,593 cases of NMSC and melanoma. An inverse
association was found between caffeinated beverage intake and skin cancer with an overall SRR
(95% Cl) of 0.82 (0.76-0.88). Caffeinated coffee had the largest effect with an SRR of 0.78 (0.68-
0.87), where decaffeinated coffee did not show an effect (0.98 (0.91-1.06)). Tea had less
pronounced effect (0.85 (0.77-0.93)). The skin cancer-type SRRs were 0.88 (0.81-0.95) for basal
cell carcinoma (BCC), 0.81 (0.69-0.93) for melanoma, 0.77(0.59-0.94) for squamous cell
carcinoma (SCC), and 0.77 (0.59-0.95) for NMSC. The SRR for all coffee was 0.79 (0.72-0.87)
which we used to calculate that 196,344 skin cancers are prevented annually, and 289 million
dollars are saved annually by consuming coffee.

Conclusions: This meta-analysis suggests that caffeine lessens the burden of skin cancer.
However, additional studies are needed to further clarify the dose needed for prevention and

to examine whether caffeine should be an ingredient in sunscreen.



Introduction

Skin cancer is the most common malignancy in the United States, and the number of
cases annually surpasses all other malignancies combined. The incidence of nonmelanoma skin
cancer (NMSC) was estimated to be 5.4 million cases in the U.S. population in 2012 and
doubled over ten years.! NMSC has two main types: basal cell carcinoma (BCC) and squamous
cell carcinoma (SCC). Melanoma incidence was 66,000 in 2011, and that rate doubled since
1982.2In addition to increasing incidence, the costs of treating skin cancer have also risen. The
average annual cost of treating skin cancer in 2011 was $8.1 billion and increased by $4.5 billion
over the course of nine years.? Average annual cost per person went from $1,044 to $1,643 in
the same time period. With projections of increasing cost and incidence, there is a need for
new prevention approaches and treatments for skin cancer.

A well-documented risk factor for NMSC and melanoma is exposure to ultraviolet
radiation (UVR), specifically UVB (280-315 nm). However, studies have recently discovered a
potential connection between caffeine and skin cancer. Early in vivo studies demonstrated
inhibition of UVB-induced carcinogenesis, including formation of thymine dimers, by pre-
treating mouse models with topical caffeine prior to irradiation with UVB.#° Oral administration
of green and black tea was also shown to inhibit UVB-induced carcinogenesis in SKH-1 hairless
mice, whereas the decaffeinated versions did not.® However, adding caffeine back into the
decaffeinated tea re-established its anti-carcinogenic effects. SKH-1 mice that were pretreated
with oral green tea or caffeine had increased p53-positive cells, p21-positive cells, and
apoptotic sunburn cells after UVB irradiation.” Mice administered coffee exhibited the same

effect, and these treatments had no effect without irradiation.?



Caffeine is known to target multiple enzymes including the ataxia-telangiectasia and
Rad3-related (ATR) kinase, a pivotal kinase that senses UV-induced DNA damage. Caffeine-
treated human keratinocytes have decreased ATR-mediated induction of phosphorylated Chk1
(Ser345) and increased apoptosis with UVB irradiation.? When inhibiting ATR with siRNA,
apoptosis was augmented, but not any further with addition of caffeine, indicating that the
primary mechanism in which caffeine amplifies UVB-induced apoptosis is through inhibition of
the ATR pathway. Transgenic mice with decreased ATR function had 69% fewer tumors with
chronic UVB treatment.1°

Several epidemiological studies have shown a decreased risk of melanoma and NMSC
with caffeinated beverage consumption."2> A large cross-sectional study with nearly 94,000
women found a 5% decreased risk of NMSC with each daily cup of caffeinated coffee, but no
significant change in risk with decaffeinated coffee or tea.!! Other studies on caffeinated coffee
replicated this result leading to the conclusion that the caffeine, but not alternative
components of coffee, exerts protective effects. Conversely, there have been epidemiologic
studies that demonstrate no effect of caffeine on skin cancer.?%32 Furthermore, it is unknown
whether caffeine in coffee and/or tea demonstrates a decreased risk in both types of NMSC as
well as melanoma. Thus, we summarized previous data and used these to estimate how many
skin cancers are prevented annually in the U.S., in addition to how much cost could be saved
annually by drinking coffee or tea. This information could potentially answer the previously
posed question: should caffeine be an ingredient in sunscreen?

Prior systematic reviews and meta-analyses show a decreased risk of skin cancer with

caffeine consumption: two reviews on NMSC and five on melanoma.33-3° Majority of these



summarized data from less than ten articles. To our knowledge, the present study is the first
meta-analysis that contains data about NMSC and melanoma, in addition to coffee and tea,

with 22 original articles.

Methods

Databases and Search Strategy

A comprehensive search of PubMed, Scopus, and EMBASE was performed. Search terms
contained: (1) caffeine OR coffee OR tea AND (2) intake OR consumption OR drinking AND (3)
melanoma OR non-melanoma skin cancer OR basal cell carcinoma OR squamous cell carcinoma
OR skin cancer AND (4) risk OR incidence OR prevalence (Table 1). Articles were included up to
the date June 30™, 2019 without a specified start date. Filters for English language and human
studies were applied. This strategy was discussed and reviewed with a health sciences librarian.
The search was extended to the references of selected articles. Results were uploaded to
Covidence to detect duplications and aid in the selection process.*° The PRISMA chart (Figure 1)

displays the search and elimination process.

Table 1: Search Strategy

PubMed | ((("caffeine"[MeSH Terms] OR ("coffee"[MeSH Terms]) OR ("tea"[MeSH Terms])
AND (intake[All Fields]) OR ("consumption"[All Fields]) OR ("drinking"[MeSH
Terms]) AND (("melanoma"[MeSH Terms]) OR ("skin neoplasms"[MeSH Terms])
OR ("skin cancer"[All Fields]) OR ("carcinoma, basal cell"[MeSH Terms]) OR
("carcinoma, squamous cell"[MeSH Terms]) OR (non-melanoma[All Fields] AND
("skin neoplasms"[MeSH Terms]) AND (("prevalence"[MeSH Terms]) OR
("incidence"[MeSH Terms]) OR ("risk"[MeSH Terms]) AND ("humans"[MeSH
Terms] AND English[lang])




Embase | ('caffeine'/exp OR 'caffeine' OR 'coffee'/exp OR 'coffee’ OR 'tea'/exp OR 'tea')
AND ('drinking'/exp OR 'drinking' OR 'consumption'/exp OR 'consumption' OR
'intake') AND ('melanoma'/exp OR 'melanoma' OR 'skin cancer'/exp OR 'skin
cancer' OR 'non melanoma skin cancer'/exp OR 'non melanoma skin cancer' OR
'basal cell carcinoma'/exp OR 'basal cell carcinoma' OR 'squamous cell
carcinoma'/exp OR 'squamous cell carcinoma') AND ('prevalence' OR 'risk' OR
'incidence') AND 'human'/de AND [embase]/lim NOT ([embase]/lim AND
[medline]/lim) AND [english]/lim

Scopus ( ( "caffeine" OR "coffee” OR "tea" ) AND ( "drinking" OR "consumption" OR
"intake" ) ) AND ( ( "melanoma" OR "non-melanoma skin cancer" OR "skin
cancer" OR "basal cell carcinoma" OR "squamous cell

carcinoma" ) AND ( "prevalence" OR "risk" OR "incidence" ) ) AND

NOT INDEX ( medline ) AND ( LIMIT

TO ( EXACTKEYWORD , "Human") ) AND ( LIMIT TO ( LANGUAGE , "English"))

Inclusion and Exclusion Criteria

Epidemiologic studies were included if the exposure was caffeine and the outcome was skin
cancer. They also needed to include a measure of relative risk (RR) (including odds ratio, risk
ratio, or hazard ratio) with 95% confidence intervals (Cls). Studies were excluded if they used
other forms of caffeine such as chocolate or soda under the assumption that the majority of

caffeine consumed comes from coffee or tea. Abstracts and review articles were also excluded.

Data Abstraction

Studies were initially selected according to their titles and abstracts, then assessed for
eligibility after a full text review. Due to the fact that studies differed in the amount of coffee or
tea they compared, the RR was extracted that compared the highest intake to the lowest intake
of caffeine including coffee, tea, and/or decaffeinated coffee, as well as the RR with the
greatest degree of adjustment. If studies had overlapping study populations, only the most

recent article was included. Other data extracted include: first author name, location of study,



years of study, and year of publication, study design, study size, comparison of beverage intake,

skin cancer type, and beverage type.

Assessment of Bias

Quality of the studies was measured using the Newcastle-Ottawa Scale (NOS).*! Age,
sex, and risk factors for skin cancer such as UV exposure or skin type were considered as
important confounders to be adjusted for. Articles that received a score less than 5 were
considered to have a high risk of bias and not included in the meta-analysis. The Egger test,

Begg test, and trim-and-fill method were used to assess for publication bias.*>4

Statistical Analysis

The odds ratios were approximated as relative risks due to the low incidence of skin
cancer. The summary relative risk (SRR) was calculated using the DerSimonian and Laird
random effects model. The SRR was also calculated for the subgroups of skin cancer type (BCC,
SCC, NMSC, and melanoma) as well as for beverage type (caffeinated coffee, decaffeinated
coffee, all coffee, and tea). Heterogeneity was assessed using the /? statistic. /?is in-between 0%
and 100%, and % values of 25, 50 and 75% represent low, moderate and high heterogeneity,

respectively.* All analyses were calculated using STATA software (StataCorp LLC).%®

Results
A comprehensive search of PubMed, Scopus, and EMBASE returned 1,219 results, of
which 458 were excluded as duplicates. 760 titles and abstracts were reviewed, and 704 were

deemed irrelevant. The full text of 56 papers was examined, and 28 were excluded for failing to



adhere to the inclusion criteria. Four studies had overlapping patient populations, thus the two

that were published most recently were included. After the quality assessment, six additional

studies were excluded due to a high risk of bias as assessed by the Newcastle-Ottawa Scale.

This resulted in 22 total studies to be analyzed.'"3? Figure 1 illustrates the literature review

strategy.

Figure 1: Flow diagram of the literature search (conducted on June 30th, 2019) and study

selection process.
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Table 1A: Characteristics of Studies Meeting Inclusion Criteria on Caffeinated Coffee

REFERENCES COUNTRY STUDY YEAR  STUDY TYPE SKIN COMPARISON RR 95% Cl ADJUSTED ADJUSTED NEWCASTLE-
AND CANCER FOR AGE FOR A SKIN OTTAWA
POPULATION TYPE AND SEX CANCERRISK  SCORE
FACTORA

CAFFEINATED COFFEE

Abel etal.'! USA 1993-1998 Cross-sectional NMSC >6 cups/day vs. 0.7 0.6-0.88 N v 6
2007 Cases: 7482 none
Caini etal.? Europe 1992-2000  Cohort Melanoma Highest quartilevs. 029 0.12-0.69 v 7
2017 Cases: 2712 non-drinkers
Men Cohort: 476160
Caini et al.}* Europe 1992-2000 Cohort Melanoma  Highest quartilevs.  0.93 0.60-1.43 V v 7
2017 Cases: 2712 non-drinkers
Women Cohort: 476160
Ferrucci et al.*> USA 2006-2010 Case control BCC >2 cups/day vs. 0.70 0.47-1.06 V N 7
2013 Cases: 377 none
Controls: 390
Loftfield et al. 1* USA 1995-1996 Cohort Melanoma 24 cups/day vs. 0.75 0.64-089 v 7
2015 Cases: 2904 none
Cohort: 447357
Miura et al. 2014%° Australia  1992-1996 Cohort BCC >2 cups/day vs. 092 0.67-1.28 v 6
Cases: 493 none
Cohort: 1325
Miura et al. 2014%° Australia  1992-1996 Cohort scC 2 cups/day vs. 117 0.71-191 V v 6
Cases: 493 none
Cohort: 1325
Naldi et al.?* Italy 1992-1994 Case control Melanoma 24 vs. <1 cup/day 115 0.68-1.92 v 7
2004 Cases: 542
Controls: 538
Song et al.'® USA 1984-2006 Cohort BCC >3 cups/day vs <1 090 0.80-1.01 v 5
2012 Cases: 25480 cup/month
Men Cohort: 112897
Song etal.!® USA 1986-2006 Cohort BCC >3 cups/day vs <1 0.79 0.74-0.85 v 5
2012 Cases: 25480 cup/month
Women Cohort: 112897

ARegion of residence, recreational physical activity, freckles on face, actinic keratoses, family history of skin cancer, skin phototype, indoor tanning, etc.



Table 1B: Characteristics of Studies Meeting Inclusion Criteria on All Coffee

REFERENCES COUNTRY STUDY STUDY TYPE SKIN COMPARISON RR 95% CI ADJUSTED ADJUSTED NEWCASTLE-
YEAR CANCER FOR AGE FOR A SKIN OTTAWA
TYPE AND SEX CANCER RISK SCORE
FACTORA
ALL COFFEE
Corona et al.?? Italy 1995- Case control BCC Drinker vs. non- 1.8 0.8-4.0 v 5
2001 1997 Cases: 166 drinker
Controls: 158
Fortes et al.'® Italy 2001- Case Control Melanoma >once daily vs. <7 0.46 0.31-0.68 v v 6
2013 2003 Cases: 304 times weekly
Controls: 305
Jacobsenetal.l/  Norway 1964- Cohort NMSC >7vs. <2 cups/day 0.56  0.36-0.87 v 5
1986 1969 Cases: 357
Cohort: 16555
Jacobsenetal.l/  Norway 1964- Cohort Melanoma 27 vs.<2cups/day 2.63  0.52-4.45 v 5
1986 1969 Cases: 357
Cohort: 16555
Lukic et al.'® Norway 1991- Cohort Melanoma  >5 cups vs. <1 0.88 0.67-1.14 v 5
2016 1992, Cases: 762 cup/day
1996- Cohort:
1997,and 104,080
2003-
2004
Nilsson et al.?® Sweden 1992- Cohort Melanoma >4 vs. <1 0.97  0.50-1.89 v 5
2010 2007 Cases: 108 occasions/day
Cohort: 64603
Ohetal.l® Singapore  1993- Cohort BCC >3 cups/day vs. 0.54 0.31-0.93 N 6
2019 1998 Cases: 609 <weekly
Cohort: 63257
Ohetal.l® Singapore  1993- Cohort Scc >3 cups/day vs. 0.33 0.13-0.85 v 6
2019 1998 Cases: 609 <weekly
Cohort: 63257
@sterlind etal.?’  Denmark 1985 Case control Melanoma High vs. low 0.7 0.5-1.0 v v 7
1998 1985 Cases: 474 consumption level
Controls: 926
Veirerpd etal.?t  Norway 1977- Cohort Melanoma >7vs. <2 cups/day 1.5 0.5-4.6 v 6
1997 1983 Cases: 108
Men Cohort: 50757
Veirerpd etal.?l  Norway 1977- Cohort Melanoma >7vs. <2 cups/day 0.4 0.2-0.9 v 6
1997 1983 Cases: 108

Women

Cohort: 50757

ARegion of residence, recreational physical activity, freckles on face, actinic keratoses, family history of skin cancer, skin phototype, indoor tanning, etc.



Table 1C: Characteristics of Studies Meeting Inclusion Criteria on Decaffeinated Coffee

REFERENCES COUNTRY STUDY STUDY TYPE SKIN COMPARISON RR 95% CI ADJUSTED ADJUSTED NEWCASTLE-
YEAR CANCER FOR AGE FOR A SKIN OTTAWA
TYPE AND SEX CANCER SCORE
RISK
FACTORA
DECAFFEINATED
COFFEE
Abel et al.** USA 1993-1998  Cross- NMSC >6 cups/day vs.  1.08 0.80-1.46 v 6
2007 sectional none
Cases: 7482
Caini etal.? Europe 1992-2000 Cohort Melanoma Highest quartile  0.84 0.35-2.05 7 7
2017 Cases: 2712 vs. non-drinkers
Men Cohort:
476160
Caini et al.'* Europe 1992-2000 Cohort Melanoma Highest quartile  1.05 063174 v 7
2017 Cases: 2712 vs. non-drinkers
Women Cohort:
476160
Loftfield et al.** USA 1995-1996  Cohort Melanoma >4 cups/dayvs.  0.95 0.76-1.18 v 7
2015 Cases: 2904 none
Cohort:
447357
Miura et al. 2014%2°  Australia 1992-1996  Cohort BCC >2 cups/dayvs.  1.05 0.73-1.52 v 6
Cases: 493 none
Cohort: 1325
Miura et al. 2014%°  Australia 1992-1996  Cohort scC >2 cups/dayvs.  1.15 0.69-1.92 J 6
Cases: 493 none
Cohort: 1325
Naldi et al.?* Italy 1992-1994  Case control Melanoma Drinker vs. non-  0.84 0.60-1.18 N v 7
2004 Cases: 542 drinker
Controls: 538
Songetal.!® USA 1984-2006  Cohort BCC >3 cups/dayvs. 1.0 0.87-1.15 J 5
2012 Cases: 25480 <1 cup/month
Men Cohort:
112897
Song etal.!® USA 1986-2006  Cohort BCC >3 cups/dayvs.  0.98 0.87-1.10 v 5
2012 Cases: 25480 <1 cup/month
Women Cohort:
112897

ARegion of residence, recreational physical activity, freckles on face, actinic keratoses, family history of skin cancer, skin phototype, indoor tanning, etc.
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Table 1D: Characteristics of Studies Meeting Inclusion Criteria on Tea

REFERENCES COUNTRY STUDY STUDY TYPE SKIN COMPARISON RR 95% ClI ADJUSTED ADJUSTED NEWCASTLE-
YEAR CANCER FOR AGE FOR A SKIN OTTAWA
TYPE AND SEX CANCER SCORE
RISK
FACTORA

TEA
Abel et al. ** USA 1993-  Cross- NMSC 26 cups/day vs.  0.84 0.61-1.17 v v 6
2007 1998 sectional none

Cases: 7482
Asgari et al. & USA 2004 Case Control SCC >1 cup/day vs. 0.98 0.55-1.73 v 5
2011 Cases: 415 none

Control: 415
Caini et al. 12 Europe 1992—-  Cohort Melanoma  Highest quartile  1.18 0.72-1.94 v v 7
2017 2000 Cases: 2712 vs. non-drinkers
Men Cohort:

476,160
Caini etal. 12 Europe 1992-  Cohort Melanoma Highest quartile  0.82 0.56-1.21 v J 7
2017 2000 Cases: 2712 vs. non-drinkers
Women Cohort:

476160
Corona et al.?? Italy 1995- Case control BCC Drinker vs. non- 0.7 0.3-1.4 v 5
2001 1997 Cases: 166 drinker

Controls: 158
de Vries et al.3" Europe Case control BCC >3 vs. <3 0.98 0.72-1.34 v v 5
2012 Cases: 1371 times/week

Controls:

1550
de Vries et al.>Y Europe Case control  SCC >3 vs. <3 0.95 0.63-1.43 v v 5
2012 Cases: 1371 times/week

Controls:

1550
de Vries et al.3" Europe Case control Melanoma >3 vs. <3 1.22 0.86-1.74 v v 5
2012 Cases: 1371 times/week

Controls:

1550
Ferrucci et al.*? USA 2006-  Casecontrol  BCC >0.43 versus 0.88 0.60-1.29 v v 7
2013 2010 Cases: 377 <0.43 cups/day

Controls: 390
Fortes et al.*® Italy 2001- Case Control Melanoma  >once daily vs. 0.63 0.34-1.19 v v 6
2013 2003 Cases: 304 <7 times

Controls: 305 weekly

12



Hakim et al.23
2001

Hughes et al. 31
2006

Miura et al. 32
2015

Miura et al. 32
2015

Naldi et al. 24
2004

Ohetal.l®
2019

Ohetal.l®
2019

@sterlind et al.?Y

1998

Rees et al. 2>
2007
Rees et al. 2>
2007

van der Pols et al. 2/

2011

ARegion of residence, recreational physical activity, freckles on face, actinic keratoses, family history of skin cancer, skin phototype, indoor tanning, etc.

USA

Australia

Australia

Australia

Italy

Singapore

Singapore

Denmark

USA

USA

Australia

1994—-
1996

1992-
2002

1992-
2007

1992-
2007

1992-
1994

1993-
1998

1993-
1998

1982-

2985

1993-
2000

1993-
2000

1992-
2002

Case Control
Cases: 234

Cohort
Cases: 235
Cohort: 1056
Cohort
Cases: 493
Cohort: 1325

Cohort
Cases: 493
Cohort: 1325

Case control
Cases: 542
Controls: 538
Cohort
Cases: 609
Cohort:
63,257
Cohort
Cases: 609
Cohort:
63,257

Case Control
Cases: 474
Controls: 926
Case control
Cases: 770
Controls: 715
Case control
Cases: 770
Controls: 715
Cohort
Cases: 501
Cohort: 1056

ScC

ScC

ScC

BCC

Melanoma

BCC

SCC

Melanoma

BCC

SCC

BCC

>1 cup/week
vs. hone

Highest versus
lowest quantity

>4 cups/day vs.
none

>4 cups/day vs.
none

Drinker vs. non-
drinker

Daily versus
<monthly

Daily versus
<monthly

High vs. low
consumption
level

>2 cups/day vs.
none

>2 cups/day vs.
none

Highest vs.
lowest quantity

0.60

0.82

1.25

1.03

0.79

0.74

0.62

15

0.98

0.65

0.9

0.30-1.23

0.45-1.51

0.71-2.19

0.70-1.53

0.61-1.03

0.52-1.04

0.36-1.08

1.1-2.2

0.74-1.31

0.44-0.96

0.6-1.41

v
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Table 2: Characteristics of 22 Studies

Characteristic Number (%)

Study Type

Cross-sectional 1(4)

Case Control 9 (41)

Cohort 12 (55)
Skin Cancer Type

Melanoma 8 (36)

BCC 3(14)

scc 3(14)

NMSC 5(22)

NMSC and melanoma 3(14)
Beverage Type

Caffeinated Coffee 7 (32)

Decaffeinated Coffee 6(27)

All Coffee 8 (36)

Tea 15 (68)

Study Characteristics

The 22 studies included 9
case control studies, 12 cohort
studies, and 1 cross-sectional study.
Study publication dates ranged
from 1986 to 2019. Among the
studies, 8 examined melanoma, 3
BCC, 3 SCC, 5 NMSC, and 3 on both
melanoma and NMSC. Studies were
divided reasonably even between
beverage types with 8 pertaining to
coffee and tea, 7 to coffee only,
and 7 to tea only. These studies
included 47,953 cases of NMSC and

melanoma. Some studies (8) did

not separate caffeinated coffee and decaffeinated coffee, thus these were placed in an “all

coffee” category. Due to UV light being a risk factor for both types of skin cancer, we recorded

whether studies had adjusted for a skin cancer risk factor such as UV exposure, as well as age

and sex. 15 of the 22 studies adjusted for all 3 of these factors, 5 adjusted for age and sex only,

and 2 adjusted for a measure of UV exposure or skin cancer risk factor only. Some of the

14



Figure 2: Forest plot for the studies on the association of caffeine with NMSC and melanoma.

Association Between Skin Cancer and Caffeine

Relative Risk Weight

Study Beverage Type with 95% CI (%)
BCC Reduced Risk i Increased Risk
Corona et al. All Coffee T 1.80[ 0.20, 3.40] 0.13
Corona et al. Tea = 0.70[ 0.15, 1.25] 0.92
de Vries et al. Tea —— 098] 067, 1.29] 213
Ferrucci et al. Caffeinated Coffee —'—J 0.70[ 0.41, 0.99] 225
Ferrucci et al. Tea —.J— 0.88[ 0.54, 1.22] 1.86
Miura et al. 2014 Caffeinated Coffee _.I— 092 0.62 1.22] 217
Miura et al. 2014 Decaffeinated Coffee —P—- 1.05[ 065 144] 154
Miura et al. 2015 Tea —F— 1.03[ 0.61, 1.44] 1.44
Ohetal. All Coffee — = | 0.54[ 0.23, 0.85] 2.13
Ohetal. Tea —m 0.74[ 0.48, 1.00] 2.59
Rees et al. Tea om 098[ 070, 1.26] 235
Song etal. M Caffeinated Coffee '.] 090[ 0.79, 1.00] 4.58
Song et al. M Decaffeinated Coffee -*— 1.00[ 0.86, 1.14] 4.1
Song et al. W Caffeinated Coffee . 0.79[ 0.74, 0.85] 5.14
Song et al. W Decaffeinated Coffee * 098 087, 1.10] 4.45
van der Pols etal. Tea —I-]— 0.90[ 050, 1.30] 1.49
Heterogeneity: I” = 40.88% ‘ | 0.88[ 0.81, 0.95]

|
Melanoma |
Cainietal. M Caffeinated Coffee —ii— | 0.29[ 0.00, 0.57] 235
Cainietal. M Tea —I—I— 118 057, 1.79] 0.78
Cainietal. M Decaffeinated Coffee - | 0.84[ -0.01, 1.69] 043
Caini etal. W Caffeinated Coffee —.:— 093 052, 1.34] 1.44
Caini etal. W Tea —l—,— 0.82[ 049, 1.15] 2.01
Cainietal. W Decaffeinated Coffee e i 1.05[ 049, 1.60] 0.91
de Vries et al. Tea —t— - 1.22[ 078, 1.66] 1.32
Fortes et al. All Coffee —— | 046 0.28, 0.65] 3.48
Fortes et al. Tea —I—L 0.63[ 0.20, 1.06] 1.39
Jacobsen et al. All Coffee I4> 2.63[ 0.67, 4.60] 0.09
Loftfield et al. Caffeinated Coffee -.— I 0.75[ 062, 0.88] 4.31
Lotfield et al. Decaffeinated Coffee ** 095[ 0.74, 1.16] 3.16
Lukic et al. All Coffee —— 0.88[ 065 1.11] 286
Naldi et al. Caffeinated Coffee —_—t 1.15[ 053, 1.77] 075
Naldi et al. Tea — 079[ 058, 1.00] 3.16
Naldi et al. Decaffeinated Coffee ﬂ—j* 0.84[ 0.55 1.13] 230
Nilsson et al. All Coffee —J— 097 0.28, 167] 0.62
Osterlind et al. All Coffee —l— : 0.70[ 045, 095] 270
Osterlind etal.  Tea T—'—.> 1.50[ 0.95 205 0.92
Veirerad et al. M All Coffee | 1.50[ -0.55, 3.55] 0.08
Veirerad etal. W All Coffee —— | 0.40[ 0.05 075] 1.82
Heterogeneity: I = 60.32% ’ | 0.81[ 0.69, 093]

|
NMSC |
Abel et al. Caffeinated Coffee ~.—- : 0.70[ 0.56, 0.84] 4.1
Abel et al. Tea —— 0.84[ 0.56, 1.12] 239
Abel et al. Decaffeinated Coffee —:I— 1.08[ 075 1.41] 197
Jacobsen etal. All Coffee —— | 056[ 0.31, 0.81] 264
Heterogeneity: I = 55.81% ‘ | 077 0.59, 0.95]

|
scc |
Asgari et al. Tea —— 098[ 0.39, 1.57] 0.82
de Vries et al. Tea + 0.95[ 0.55 1.35] 1.52
Hakim et al. Tea —.—L 0.60[ 0.14, 1.07] 1.21
Hughes et al. Tea —l:— 0.82[ 0.29, 1.35] 0.98
Miura et al. 2014 Caffeinated Coffee —II— 117[ 057, 1.77] 0.80
Miura et al. 2014 Decaffeinated Coffee '—]—.— 115[ 0.53, 1.76] 0.77
Miura et al. 2015 Tea 125 051, 1.99] 0.55
Ohetal. All Coffee <~ — | 0.33[ -0.03, 0.69] 1.76
Ohetal. Tea o 062 0.26, 098] 1.76
Rees et al. Tea —m— | 065[ 0.39, 091] 259
Heterogeneity: I* = 33.24% : 0.77[ 0.59, 0.94]
Summary Relative Risk (SRR) : 0.82[ 0.76, 0.88]
Heterogeneity: I* = 53.13% |

0 5 1 15 2
Relative Risk

Random-effects DerSimonian-Laird model

adjustments included: region of
residence, recreational physical
activity, freckles on face or back,
solar lentigines on arm, actinic
keratoses, family history of skin
cancer, skin phototype, skin reaction
after prolonged exposure to sunlight,
indoor tanning, elastosis of neck,
number of sunburns per year,
number of moles greater than 5 mm,
and original hair color. The majority
of the studies (21) comprised of
populations from Europe or the
United States. The additional study
examined NMSC in 63,257 men and
women from Singapore.*® In terms of
comparison of caffeine intake,
studies compared lower limits
anywhere from less than 1 cup daily
to less than 3 cups weekly, and

higher limits anywhere from greater
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than 1 cup daily to greater than 7 cups daily. One study measured in occasions per day instead
of cups per day.?8 Several studies divided their participants into quartiles of intake or compared

drinkers versus non-drinkers.122022243127

Study Quality

The Newcastle-Ottawa scale for non-randomized studies was used to assess the quality
of the papers. The case control, cohort, and cross-sectional versions were utilized, and the
comparability section was adapted to this study by using age, sex, and risk factors for skin
cancer as the adjustment criteria. More than half of the studies received two stars in this
category for all 3 adjustments, the remaining studies only received 1 star for adjusting for either
age and sex, or a skin cancer risk factor. Scores ranged from 5 to 7 with a mean of 6. Several

studies (6) had a score of 4 and were excluded due to a high risk of bias.

Figure 3: Forest plot for the studies on the association of caffeinated coffee with NMSC and
melanoma.

Association Between Caffeinated Coffee and Skin Cancer

Relative Risk Weight
Study Skin Cancer Type with 95% Cl (%)

Reduced Risk

The squares and horizontal
lines correspond to the
study-specific relative risks
Abel et al. NMSC 0.70[ 0.56, 0.84] 15.19 (RRs) and 95% Cls,
Cainietal. M Melanoma —— 0.29[ 0.00, 0.57] 7.23 respectively. The diamond
Caini etal. W Melanoma ——— 0.93[ 0.52, 1.34] 4.07 represents the summary
Ferrucci et al. BCC — 070[ 041, 0.99] 6.89  relative risk (SRR) and 95%
Loftfield et al. Melanoma 0.75[ 0.62, 0.88] 16.36  Clofthe overall population.
Miura et al. BCC — e 0.92[ 062, 1.22] 657 1he vertical dashed line

Increased Risk

hd

| - :
Miura et al. scc | @ 117[ 057, 1.77] 214 indicates the line of no
Naldi et al. Melanoma - 115[ 053, 1777 202  effect at 1. NMSC
Song etal. M BCC ..1' 0.90[ 0.79, 1.00] 17.95 nonmelanoma skin Fancer;
Song et al. W BCC N 0.79[ 074, 0.85] 21.60 BCC, basal cell carcinoma;
. - | SCC, squamous cell

Summary Relative Risk (SRR) < 0.78[ 0.68, 0.87] carcinoma.
Heterogeneity: I12=59.73% :

T T T T 1

0 5 1 1.5 2

Relative Risk

Random-effects DerSimonian-Laird model
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Publication Bias

The Begg and Egger tests were both statistically significant, suggesting that publication

bias is present (P = 0.0266 and P = 0.0112, respectively). However, when the trim-and-fill
method was applied (3 datasets were filled in), the corrected SRR was similar to the original
(0.817 vs. 0.814), indicating that the publication bias impact is minor. Figure 4 illustrates the

funnel plot in addition to the analysis results.

Meta-Analysis

In the pooled analysis, caffeine intake and skin cancer exhibited an inverse association
with an overall SRR of 0.82 (95% CI 0.76-0.88, 1> = 53.13%). In the sub-group analysis of skin
cancer type BCC had an SRR of 0.88 (95% Cl 0.81-0.95, /> = 40.88%), the melanoma SRR was
0.81 (95% Cl 0.69-0.93, >= 60.32%), the NMSC SRR was 0.77 (95% Cl 0.59-0.95, /> = 55.81%),
and the SCC SRR was 0.77 (95% Cl 0.59-0.94, I>=33.24%). These data are shown in Figure 2 in

addition to the overall SRR. The caffeinated coffee subgroup had an SRR of 0.78 (95% CI 0.68-

0.87, I’=59.73%) (Figure 3), whereas the decaffeinated coffee SRR was 0.98 (95% Cl 0.91-1.06,

I>=0%). Tea also showed an inverse association with an SRR of 0.85 (95% Cl 0.77-0.93, /=
1.76%). Finally, an analysis was run on caffeinated coffee, decaffeinated coffee, and the all

coffee categories, resulting in an SRR of 0.79 (95% CI 0.72-0.87, I>= 65.99%).
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Figure 4: Funnel plot for studies on the association between skin cancer and caffeine.
Funnel Plot of 22 Studies Using this SRR, we calculated the
Begg test: P= 0.0266; Egger test: P= 0.0112; Trim & Fill: No. Missing= 3
number of skin cancers prevented

annually in the U.S. Since this SRR

compares the highest intake to the

Standard error

lowest intake, we input data on the

percentage of Americans who drink

T T T T
- 0 0817 2 3

Relative Risk

more than 3 cups per day, which is

Pseudo 95% Cl @ Studies
Estimated SRR

17%.%’ Based on these data and the
estimated annual incidence of 5,434,193 NMSC! and 65,647 melanoma?, we calculated that
196,344 skin cancers are prevented annually. We also calculated annual savings of 289 million

dollars, using the 8.1 billion dollar estimate of skin cancer treatment.3

Discussion

To our knowledge, this is the first systematic review and meta-analysis to summarize
data about the association between the three most common types of skin cancer (BCC, SCC,
and melanoma) and caffeinated beverage (coffee or tea). This meta-analysis comprised the
largest number of studies compared to prior meta-analyses. The main finding was a 22%
decreased risk of all three types of skin cancer with caffeinated coffee intake. This association
was not present with decaffeinated coffee. Other meta-analyses have found no significant
association between tea and skin cancer, but according to our results, tea had a 15% decreased

risk of skin cancer. This result is plausible due to the relative caffeine content of tea being
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approximately half that of coffee. The reduced risks of BCC, SCC, NMSC, and melanoma with
total caffeine intake were 12%, 23%, 23%, and 19%, respectively. Using these data, we also
found the number of skin cancers prevented and the cost savings annually to be significant. A
moderate amount of heterogeneity is present among the studies (/2= 53.13%), which
contributes some imprecision to the results.

Maijority of the epidemiological studies examining caffeine and skin cancer found an
inverse association; some found this effect in a dose-dependent manner.* There are also
convincing data on the pro-apoptotic effect of caffeine in keratinocytes after UVB irradiation in
in vivo and in vitro studies.**° Evidence from biological and epidemiological studies, including
the present study, combines to suggest that the apparent beneficial effect of caffeine on skin
cancer prevention is likely due to the biologic effect of caffeine, possibly through inhibition of
the ATR pathway. Caffeine has also shown a protective effect with several other cancer types
including hepatocellular, endometrial, and colorectal cancer.*® Contrarily, a positive association
with caffeine has been demonstrated in lung, gastric, and bladder cancer.°->!

The main strength of this study is that it parallels the previous research completed on
this subject and adds evidence to the hypothesis of the inverse association between skin cancer
and caffeine. In addition to this, the present meta-analysis had a greater amount of studies and
datasets compared to earlier analyses. This study has several limitations. First, each included
study measured the amount of caffeine intake differently, which contributes to the overall
heterogeneity. There were a variety of countries included, and participants could brew coffee
or tea differently or use a variety of coffee beans, resulting in different caffeine contents. This

study did not take into account the various individual types of teas and incorporated studies
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that assessed more than one type of tea. A majority of the papers used questionnaires to
obtain caffeine intake information which is subject to recall bias. The potential confounders
that were adjusted for were different in each study. Due to some studies not adjusting for UV
light exposure, the present study may have residual confounding from UV exposure, which is
the greatest risk factor for developing skin cancer. Because the majority of studies assessed
predominantly Caucasian populations, it is unknown whether our findings apply to non-
Caucasian populations.

In conclusion, we found a beneficial effect of caffeinated coffee and tea on skin cancer
but did not find cancer-preventive effect with decaffeinated coffee. This study does not directly
answer the question of whether we need to add caffeine to sunscreen; however, the growing
evidence of the inverse relationship between skin cancer and caffeine indicates a need for
randomized controlled trials. Additional prospective cohort studies are also vital to examine a
more accurate amount of caffeine that is considered protective. Although UV exposure
continues to be the main risk factor and avoiding the sun is crucial to skin cancer prevention,
these findings suggest that caffeine intake can lessen the skin cancer disease burden as well as

the increasing costs of skin cancer treatment.
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