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Background: Although epidemiologic studies in populations of European descent suggest a possible
chemoprotective effect of caffeine against nonmelanoma skin cancer (NMSC), data in Asian populations are
lacking.

Objectives: We examined the relationship of coffee, tea, and caffeine consumption with NMSC risk among
Chinese in Singapore.

Metbods: We used data from the Singapore Chinese Health Study, a prospective cohort of 63,257 men and
women who were 45 to 74 years old at recruitment from 1993 to 1998. Hazard ratios (HRs) and 95%
confidence intervals (CIs) were estimated by using multivariable Cox proportional hazard models.

Results: Coffee drinking was associated with reduced NMSC risk in a dose-dependent manner (P
trend < .0001). Compared with those who drank coffee less than weekly, those who drank 3 or more cups
per day had a lower risk of basal cell carcinoma (HR, 0.54; 95% CI, 0.31-0.93) and a lower risk of squamous
cell carcinoma (HR, 0.33; 95% CI, 0.13-0.84). Compared with nondrinkers of black tea, daily drinkers of
black tea also had a reduced risk of NMSC (HR, 0.70; 95% CI, 0.52-0.94). Caffeine intake reduced NMSC risk
in a stepwise manner (P trend = .0025); subjects with a caffeine intake of 400 mg/d or more had the lowest
risk (HR, 0.59; 95% CI, 0.34-1.04).

Conclusion: Consumption of caffeinated drinks such as coffee and black tea may reduce the risk of NMSC

among Chinese. (J Am Acad Dermatol 2019;81:395-402.)

Key words: caffeine; Chinese; coffee; nonmelanoma skin cancer; tea.

onmelanoma skin cancer (NMSC) is 1 of
the most common cancers that inflict
millions, and its incidence is on the rise
worldwide.' Although the prognosis of NMSC is
generally favorable compared with that of mela-
noma,” the public health burden of NMSC can be

substantial owing to its high incidence, as well as to
the cost of treatment.” In addition, up to 50% of
patients with a primary basal cell carcinoma (BCC)
or squamous cell carcinoma (SCC) may develop 1
or more additional carcinomas within the next
5 years.'
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The incidence of NMSC increases with age, and it
is the highest among people with Fitzpatrick skin
types I and I1.* Although the main environmental risk
factor is ultraviolet (UV) radiation from the sun,’
there has been great interest in identifying other
modifiable risk factors for skin cancer and new
approaches for skin cancer prevention.

Coffee and tea are 2 of the
most widely consumed bev-
erages in the world.”’
Because of high global con-
sumption of both of these
caffeinated drinks, there is
much interest in their effects
on human health® and dis-
eases, including skin dis-
eases with a generally poor
prognosis such as mela-

Y Experimental evi-

lacking.

noma.
dence suggests that caffeine
may have an antiproliferative
effect on keratinocytes via
induction of apoptosis in UV-damaged cells through
multiple pathways.'”'" A number of animal studies
have consistently reported that caffeine intake or
topical administration of caffeine on the skin inhibits
UV-induced skin cancer and tumors.'” Recent meta-
analyses of studies involving populations of
European descent have also provided evidence to
support a possible protective role of caffeine against
NMSC. P

Skin cancer is the sixth most common cancer
among men and the seventh most common cancer
among women in Singapore.ls The most common
skin cancer is BCC, followed by SCC, with the highest
incidence rates among the Chinese,'® who have
Fitzpatrick skin types III and IV, compared with
among their Malay and Indian counterparts, who
have darker skin tones. To explore the association
between caffeine consumption and the incidence of
NMSC in the Chinese population, we conducted
prospective analyses using data from the Singapore
Chinese Health Study.

METHODS
Study population

The current study was conducted on the partici-
pants in the Singapore Chinese Health Study, who
comprise a population-based prospective cohort of
63,257 men (n = 27,959) and women (n = 35,298)
aged 45—74 years at recruitment between April 1993
and December 1998. This study was approved by the
institutional review board at the National University
of Singapore, and all enrolled participants gave
written informed consent.

CAPSULE SUMMARY

« Although studies in whites suggest that
caffeine may reduce the risk of
nonmelanoma skin cancer, studies
among darker-skinned populations are

+ We showed that intake of coffee or
caffeine may reduce the risk of
squamous cell and basal cell carcinomas
among Chinese in Singapore.
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Baseline and dietary assessment

At baseline, an in-person interview was adminis-
tered to all participants by using a structured
questionnaire. We used a 165-item validated semi-
quantitative food frequency questionnaire (FFQ) to
record participants’ habitual dietary intake during
the past year at enrollment. The details regarding the
development and validation
of the FFQ were reported
previously.'” For intake of
coffee and tea, participants
were asked in 4 separate
questions how often on
average they consumed (1)
1 cup of coffee (instant or
freshly brewed); (2) 1 cup of
3-in-1 coffee; (3) 1 cup of
Chinese red tea or Ceylon tea
(ie, black tea); and (4) 1 cup
of green tea, such as jasmine
tea. Participants were asked
to pick their response from 1
of the 9 predetermined categories: never or hardly
ever, 1to 3 cups a month, 1 cup a week, 2 or 3 cups a
week, 4 to 6 cups a week, 1 cup a day, 2 or 3 cups a
day, 4 or 5 cups a day, and 6 or more cups a day. The
serving size of one cup of coffee or tea was assigned
as 237 mL.

Dietary intake of caffeine and other nutrients was
estimated from the Singapore Food Composition
Database, which listed 96 nutritional and non-
nutritional values per 100 g of the edible foods and
beverages specific for this cohort. The foundation of
this database relied heavily on the data published by
the US Department of Agriculture; it was supple-
mented with information from multiple resources for
other foods and components and referenced from
published food composition tables from China,
Malaysia, and Taiwan.'’ Coffee and tea accounted
for 84% and 12% of total dietary caffeine intake in this
cohort, respectively. The remaining minor contribu-
tion (4%) came from other caffeinated food sources
such as soda (0.7%), cocoa drinks, and chocolate-
related food items.

Identification of cancer cases

Cancer diagnoses and deaths in this cohort were
identified via linkage with the Singapore Cancer
Registry and the Singapore Registry of Births and
Deaths. As of December 31, 2016, only 56 cohort
participants (<0.1%) were known to be lost to
follow-up on account of migration out of
Singapore or for other reasons. The nationwide
cancer registry has been in place since 1968 and
has been shown to be comprehensive in its
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Table 1. Baseline characteristics of cohort participants by amount of caffeine consumed

Amount of daily intake

Characteristic <50 mg 50 to <250 mg 250 to <400 mg =400 mg
Participants, n 10,330 42,361 6634 1996
Skin cancer cases, n 124 421 50 14
Mean age at recruitment = SD, y 56.9 + 84 56.4 = 8.0 557 76 555 75
Men, n (%) 3378 (32.7) 18,518 (43.7) 4037 (60.8) 1360 (68.1)
Dialect, n (%)

Cantonese 4749 (46.0) 19631 (46.3) 3142 (47.4) 803 (40.3)

Hokkein 5581 (54.0) 22,730 (53.7) 3492 (52.6) 1193 (59.7)
Secondary school or higher, n (%) 2977 (28.8) 11,818 (27.9) 2037 (30.7) 604 (30.3)
Ever-smoker, n (%) 1844 (17.9) 12,729 (30.0) 2969 (44.7) 1196 (60.0)
Mean BMI, kg/m? 23.0 = 33 232 = 3.2 232 = 34 23.1 + 34
Mean time sitting at work = SD, h/d 0.83 = 1.3 092 =13 1.02 = 14 103 = 14
Mean time watching television = SD, h/d 225 £ 0.9 2.26 £ 0.9 221 £ 0.9 2.18 £ 0.9
Mean time engaging in moderate activity = SD, h/wk 099 £ 2.7 0.82 = 2.5 099 * 2.8 0.83 + 2.7
Mean time engaging in vigorous activity = SD, h/wk 031 = 23 0.50 = 3.1 0.98 *= 4.3 1.06 = 44
Mean time engaging in strenuous sports * SD, h/wk 0.18 = 1.0 0.17 £ 1.0 0.24 = 1.2 0.21 = 1.1
Diabetes, n (%) 1158 (11.2) 3689 (8.7) 492 (7.4) 130 (6.5)
Alcohol intake, n (%)

Nondrinker 9690 (93.8) 37,346 (88.2) 5464 (82.4) 1644 (82.4)

Weekly drinker 466 (4.5) 3451 (8.1) 851 (12.8) 250 (12.5)

Daily drinker 174 (1.7) 1564 (3.7) 319 (4.8) 102 (5.1)
Mean coffee intake *= SD, cups/wk 05 + 09 95 *+ 59 187 =75 31,5 £ 95
Mean green tea = SD, cups/wk 04 = 0.8 1.7 = 4.2 6.6 = 10.2 6.9 = 125
Mean black tea intake = SD, cups/wk 04 =10 1.5 * 35 34 +59 28 =70
Mean soda intake * SD, glasses/wk 03 *+1.0 05+ 19 1.2 + 34 14 + 3.8

P values are based on chi-square test for categoric variables and 1-way analysis of variance for continuous variables; all P values <.0001.

BMI, Body mass index; SD, standard deviation.

recording of cancer cases.'” Because this was a study
on the risk of cancer, we excluded 1936 participants
with a history of invasive cancer at recruitment (these
individuals were identified via self-report [n = 822] or
linkage with the nationwide cancer registry in
Singapore [n = 1114], including 3 individuals with
melanoma and 15 with NMSC). As of December 31,
2016, among the 61,321 participants who did not
have a history of cancer diagnosis at baseline, there
were 632 incident cases of skin cancer diagnosed on
the basis of histopathologic confirmation. These
included 427 cases of BCC and 182 cases of SCC, as
well as 23 cases of melanoma, 24 cases of lym-
phomas, 7 cases of sarcomas, 5 cases of sebaceous
adenocarcinoma, 4 cases of extramammary Paget
disease, and 13 cases of rare cancers involving other
cell types.

Statistical analysis

Person-years of follow-up were computed from
the recruitment date to the date of BCC or SCC
diagnosis, death, migration, or December 31, 2016,
whichever occurred first. A series of Cox propor-
tional hazards regression analyses were performed
to examine the associations of exposures of interest

to us, namely, coffee, black tea, green tea, sodas, and
caffeine with skin cancer incidence. As coffee was
the main contributor of caffeine intake in this pop-
ulation and a cup of coffee (237 mL) contained
approximately 100 mg of caffeine, we created
ordinal categories of caffeine intake to correspond
to the categories of coffee consumption. We used
hours sitting at work and watching television as
surrogates of duration for indoor activities and also
hours spent on moderate activities, strenuous sports,
and vigorous work as surrogates of duration for
outdoor activities in our analysis.

To control for confounding, the following were
included as covariates in incremental models. Model
1 included sex, dialect group (Cantonese, Hokkien),
age (years), interview year (1993-1995 or 1996-1998),
and education level (no formal education/primary
eduction, secondary education, or higher). Model 2
further included lifestyle factors such as cigarette
smoking status (never, former, or current), alcohol
consumption (none/monthly, weekly, or daily),
body mass index (<20, 20 to <24, 24 to <28, or
=28 kg/m?), time sitting at work (h/d), time watch-
ing television (h/d), time engaging in moderate
activity (h/wk), time engaging in strenuous activity
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Table II. Association between the different types of caffeinated beverages and the risk of NMSC in the

Singapore Chinese Health Study (N = 61,321)

Model 2" HR (95% CI)

Model 3 HR (95% CI)

Beverage Cases Person-years Model 1* HR (95% CD
Coffee
None to <weekly 154 226,010 1.00
Weekly to <daily 59 102,896 0.85 (0.63-1.14)
1-2 cups/d 376 729,636 0.76 (0.63-0.91)
=3 cups/d 20 64,043 0.48 (0.30-0.77)
P for trend .0003
Black tea
None to <monthly 419 713,857 1.00
Monthly to <weekly 47 87,532 1.00 (0.74-1.35)
Weekly to <daily 20 193,858 0.87 (0.69-1.09)
Daily 53 127,338 0.75 (0.56-1.01)
P for trend .039
Green tea
None to <monthly 364 660,272 1.00
Monthly to <weekly 72 130,987 1.01 (0.79-1.31)
Weekly to <daily 926 193,903 0.92 (0.74-1.16)
Daily 77 137,423 0.94 (0.74-1.21)
P for trend .50
Soda, times per week
<1 537 952,586 1.00
1 21 57,479 0.81 (0.52-1.25)
2-3 32 62,519 1.14 (0.80-1.64)
=3 19 50,002 0.88 (0.55-1.39)
P for trend .82

1.00
0.85 (0.63-1.15)
0.76 (0.63-0.92)
0.49 (0.30-0.78)
.0004

1.00
0.99 (0.73-1.34)
0.87 (0.69-1.10)
0.76 (0.57-1.01)
.04

1.00
1.01 (0.78-1.30)
0.92 (0.73-1.15)
0.93 (0.73-1.20)
45

1.00
0.82 (0.53-1.27)
1.16 (0.81-1.67)
0.89 (0.56-1.41)
91

1.00
0.86 (0.64-1.16)
0.74 (0.61-0.89)
0.47 (0.29-0.75)
.0001

1.00
1.00 (0.74-1.35)
0.87 (0.69-1.09)
0.70 (0.52-0.94)
015

1.00
1.02 (0.79-1.32)
0.94 (0.75-1.18)
0.91 (0.71-1.17)
42

1.00
0.85 (0.55-1.32)
1.22 (0.85-1.75)
0.92 (0.58-1.46)
.89

Cl, Confidence interval; HR, hazard ratio; NMSC, nonmelanoma skin cancer.
*Model 1 is adjusted for age at recruitment, sex, dialect group, year of recruitment, education.
TModel 2 is adjusted for the variables in model 1 plus body mass index; smoking; alcohol consumption; history of diabetes; and time spent
sitting at work, watching television, engaging in moderate activity, engaging in strenuous sports, and engaging in vigorous activity.

*Model 3 is adjusted for all variables in model 2, plus intake of black tea, green tea, coffee, and soda.

(h/wk), time engaging in vigorous activity (h/wk),
and history of physician-diagnosed diabetes (yes or
no). Model 3 further included all caffeinated drinks
(coffee, black tea, green tea, and soda) to examine
the independent association of each caffeinated
beverage with cancer risk.

RESULTS

After a mean follow-up of 18.3 years (standard
deviation [SD], 5.7 years) among a total of 61,321
participants (27,293 men and 34,028 women), 427
incident cases of BCC and 182 incident cases of SCC
were identified via linkage with the nationwide
cancer registry. The mean age at skin cancer diag-
nosis was 74.3 years (SD, 8.9 years). Men accounted
for 48.3% of all skin cancers.

The study participants had a mean age of
56.4 years (SD, 8.0 years) at baseline, and 55.5 %
were women. About 70.4% of our cohort participants
reported drinking coffee daily, whereas 11.2% re-
ported drinking black tea daily and 12.4% reported
drinking green tea daily. Comparatively, soda was

less frequently consumed; only 4.3% reported drink-
ing soda 3 or more times per week.

Table I shows the distribution of demographic
characteristics of cohort members by the amount of
daily caffeine consumption. Compared with those in
the lowest quartile of intake, those in the highest
quartile of caffeine intake (=400 mg/d) were more
likely to be men, be ever-smokers, engage in more
hours of vigorous activities or strenuous sports per
week, consume more alcohol, and have a lower
prevalence of diabetes mellitus.

Table II shows the association between skin
cancer incidence and the different types of caffein-
ated beverages in our study. Coffee drinking was
associated with reduced NMSC risk in a dose-
dependent manner (P trend = .0001); compared
with the risk of NMSC faced by those who drank
coffee less than once a week, the risk was signifi-
cantly reduced in daily drinkers and with increasing
number of cups per day. In the highest intake
category of 3 or more cups/day, the hazard risk
(HR) was 0.47 (95% confidence interval [CI],
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Table III. Association between coffee and black tea
intake and BCC or SCC in the Singapore Chinese
Health Study (N = 61,321)

Person-
Carcinoma type Cases  years HR (95% CD
BCC
Coffee
None to <weekly 106 225,000 1.00
Weekly to <daily 34 102,516 0.73 (0.49-1.07)
1-2 cups/d 272 727,192 0.78 (0.62-0.98)
=3 cups/d 15 63,939 0.54 (0.31-0.93)
P for trend .017
Black tea
None to <monthly 304 711,265 1.00
Monthly to <weekly 34 87,241 0.99 (0.70-1.42)
Weekly to <daily 51 193,172 0.69 (0.51-0.93)
Daily 38 126,969 0.74 (0.52-1.04)
P for trend .01
SCC
Coffee
None to <weekly 48 224,351 1.00
Weekly to <daily 25 102,334 1.15(0.71-1.87)
1-2 cups/d 104 725,077 0.64 (0.45-0.91)
=3 cups/d 5 63,752 0.33 (0.13-0.85)
P for trend .001
Black tea
None to <monthly 115 708,806 1.00
Monthly to <weekly 13 86,954 1.01 (0.57-1.80)
Weekly to <daily 39 193,056 1.30 (0.90-1.89)
Daily 15 126,697 0.62 (0.36-1.08)
P for trend .57

Adjusted for age at recruitment; sex; dialect group; year of
recruitment; education; body mass index; smoking; alcohol
consumption; history of diabetes; time spent sitting at work,
watching television, engaging in moderate activity, engaging in
strenuous sports, and engaging in vigorous activity; and intake of
black tea, green tea, coffee. and soda.

BCC, Basal cell carcinoma; Cl, confidence interval; HR, hazard ratio;
SCC, squamous cell carcinoma.

0.29-0.75). Compared with nondrinkers (defined as
drinking less than once a month), daily drinkers of
black tea also had a statistically significantly reduced
NMSC risk (HR, 0.70; 95% CI, 0.52-0.94). We noted
that the risk estimates for drinkers of 1 or 2 cups of
coffee daily (HR, 0.74; 95% CI, 0.61-0.89) and daily
drinkers of black tea (HR, 0.70; 95% CI, 0.52-0.94)
were comparable. However, because of the small
number of daily black tea drinkers and because most
of them drank only 1 cup per day, we were not able
to perform an analysis by the number of cups among
daily drinkers of black tea. Intake of green tea and
intake of soda were not significantly associated with
NMSC risk.

Table III shows that an inverse association be-
tween coffee and cancer risk was present for both
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BCC and SCC. For black tea, although the association
was statistically significant for BCC, it was not statis-
tically significant for SCC, possibly owing to the small
number of cases (Table II1). Caffeine intake reduced
overall risk of NMSC in a stepwise manner (P
trend = .0025); subjects in the highest caffeine intake
category of 400 mg/d or more had a 41% reduced risk
(HR. 0.59; 95% ClI, 0.34-1.04) compared with those
with an intake of less than 50 mg/d. This reduction in
risk was observed for both BCC and SCC (Table V).
Finally, we did stratified a analysis by sex to look for
an interaction between sex and coffee, black tea, and
caffeine in association with risk of NMSC. There was
no heterogeneity in the results between men and
women; all P values for interactions were 0.10 or
higher.

DISCUSSION

In this large prospective cohort of middle-aged
and elderly Chinese, we found that those who
consumed coffee or black tea daily had a reduced
risk of developing NMSC. Specifically, coffee drink-
ing was associated with reduced risk of both BCC
and SCC, whereas daily tea drinking reduced the risk
of BCC. Overall, caffeine intake reduced the risk of
both types of NMSC in a dose-dependent manner.

Experimental studies have provided evidence of
an in vitro proapoptotic effect of caffeine on kerati-
nocytes.'”'" Previous experimental studies have
reported that caffeine has the ability to induce
apoptosis in UV-damaged keratinocytes and prevent
UV-induced carcinogenesis in animals.'” This photo-
protective effect of caffeine has also been seen in
cultured human keratinocytes.'” Caffeine inhibits the
UV B—induced formation of thymidine dimers and
may enhance apoptosis of precancerous cells
through p53-dependent and p53-independent bio-
logic pathways.”” One of these proapoptotic path-
ways mediated by caffeine includes the inhibition of
the protein ATR serine/threonine kinase (previously
known as ataxia telangiectasia and Rad3 related),”’
which has preferential binding to UV-damaged DNA
to obstruct premature chromatin condensation.””
Our finding of a protective association of coffee
and caffeine intake with BCC is consistent with all
previous prospective studies in Australia,” United
States,”* and Europe”” that have examined the asso-
ciation between caffeinated coffee and risk of BCC.
Conversely, decaffeinated coffee has not found to be
associated with ris of BCC.*>*

To our best knowledge, this is the first prospective
study to show an inverse association between coffee
or caffeine and risk of SCC, which contradicts the
largely null associations from previous studies. The
earliest cohort study looking at coffee and NMSC was
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Table IV. Association between caffeine intake and the risk of NMSC in the Singapore Chinese Health Study

Model 1* HR (95% CI)

Model 2" HR (95% CI)

(N =61,321)
Cancer Cases Person-years
All skin cancers
Caffeine intake, mg/d
0 to <50 124 185,966
50 to <250 421 778,614
250 to <400 50 121,741
=400 14 36,264
P for trend
Basal cell carcinoma
Caffeine intake, mg/d
0 to <50 87 185,224
50 to <250 299 775,848
250 to <400 30 121,359
=400 11 36,217
P for trend
Squamous cell carcinoma
Caffeine intake, mg/d
0 to <50 37 184,620
50 to <250 122 773,586
250 to <400 20 121,234
=400 3 36,072
P for trend

1.00
0.80 (0.66-0.98)
0.62 (0.45-0.87)
0.58 (0.33-1.01)
.0017

1.00
0.84 (0.66-1.06)
0.57 (0.38-0.87)
0.70 (0.37-1.32)
.01

1.00
0.73 (0.50-1.06)
0.71 (0.41-1.23)
0.35 (0.11-1.15)
.0498

1.00
0.81 (0.66-0.99)
0.63 (0.45-0.88)
0.59 (0.34-1.04)
.0025

1.00
0.85 (0.67-1.08)
0.59 (0.39-0.90)
0.76 (0.40-1.42)
.03

1.00
0.71 (0.49-1.03)
0.67 (0.38-1.17)
0.33 (0.10-1.07)
.03

Cl, Confidence interval; HR, hazard ratio; NMSC, nonmelanoma skin cancer.

*Model 1 is adjusted for age at recruitment, sex, dialect group, year of recruitment, and education.

TModel 2 is adjusted for the variables in model 1 and body mass index; smoking; alcohol consumption; history of diabetes; and time spent
sitting at work, watching television, engaging in moderate activity, engaging in strenuous sports, and engaging in vigorous activity.

conducted in a Norwegian population, and it
showed that coffee was associated with reduced
risk of BCC but not with risk of SCC.”” In another
study from Australia, with 323 cases of BCC and 196
cases of SCC, the authors reported that among those
with previous skin cancer, those in the highest tertile
intake of caffeine had reduced risk of BCC but not
with risk of SCC.*” The Nurses Health Study and the
Health Professionals Follow-up Study in the United
States also showed that with use of a reference group
consisting of those who drank less than 1 cup a
month, drinking 2 or more cups a day was associated
with significantly reduced risk of BCC but not with
risk of SCC, and correspondingly, caffeine was
inversely associated with risk of BCC but not with
risk of SCC in these 2 cohorts.”* A hypothesis raised
by these authors to explain the conflicting results
with BCC and SCC is that SCC could have a lower
tolerance of DNA damage and lower apoptotic
threshold than BCC,*® which thus could render SCC
to be less susceptible to the apoptosis-inducing
effect of caffeine. It has been observed that SCC in
Asians has a greater tendency to occur in non—sun-
exposed sites and a higher potential for metastasis
than in whites; a possible explanation for this is that
whereas SCC is related to sun exposure among the

fairer whites, the development of SCC in darker-
skinned Asians is more likely to be related to chronic
scarring and areas of chronic inflammation.”’

Population-based case-control studies in US pop-
ulations have shown a protective effect of black tea
drinking on the risk of SCC* or on the risk of both
SCC and BCC.?”” However, a recent Australian cohort
study of 1325 participants showed no association
between intake of black tea and incidence of BCC or
SCC.” Interestingly, a case-control study of SCC
showed that the potential protective effect of black
tea on risk of cancer was related to multiple
definitions or markers of strong tea such as reported
strength of tea and brewing time and temperature.”’
Consistent with our hypothesis that the inverse
association between black tea and risk of NMSC
could be mediated by caffeine, given that the con-
centration of caffeine in green tea is generally lower
than in black tea,” the lack of association between
green tea and NMSC risk in our study is not
unexpected.

The strengths of this study include the design of a
population-based prospective cohort with a long
follow-up time and a large number of incident NMSC
cases, particularly BCC and SCC cases. This is also
one of the few populations that allowed us to
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examine the intake of black tea and green tea
separately. Inevitably, our study has limitations.
One limitation is a possible misclassification of
intake of caffeine, coffee, or tea with use of the
FFQ and measurement of this intake only at baseline.
Another limitation is a lack of information on
decaffeinated coffee or tea. Data on other potential
confounders that are risk factors for NMSC, such as
family history, history of radiation or chemical
exposure, outdoor sun exposure, Fitzpatrick skin
type, and use of sunscreen and/or protective outer-
wear were also not available. We have attempted to
adjust for UV exposure by including durations of
both indoor and outdoor activities as surrogate
markers and covariates in the model. Although we
did not ask about the use of sunscreen or other sun-
protective practices during the recruitment, we do
not suspect that such practices would be different
between the participants.

In conclusion, our findings support experimental

evidence that a high intake of caffeine could reduce
the risk of NMSC. Specifically, the drinking of coffee
was associated with reduced risk of SCC and BCC,
and the drinking of black tea was associated with
reduced risk of SCC. We hope that our study can
provide the impetus for further research to deter-
mine which component(s) of coffee and tea are
responsible for the chemoprotective effect and
whether caffeine is indeed the agent responsible
for this effect.
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