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Abstract

Background: Coffee consumption has been associated with a reduced risk of some
cancers, but the evidence for renal cell carcinoma (RCC) is inconclusive. We investigated
the relationship between coffee and RCC within a large cohort.

Methods: Coffee intake was assessed at baseline in the National Institutes of
Health—-American Association of Retired Persons Diet and Health Study. Among 420118
participants eligible for analysis, 2674 incident cases were identified. We fitted Cox-
regression models to estimate hazard ratios (HRs) and 95% confidence intervals (Cls) for
coffee consumption vs non-drinkers.

Results: We observed HRs of 0.94 (95% CI 0.81, 1.09), 0.94 (0.81, 1.09), 0.80 (0.70, 0.92)
and 0.77 (0.66, 0.90) for usual coffee intake of <1, 1, 2-3 and >4 cups/day, respectively
(Pireng=0.00003). This relationship was observed among never-smokers (>4 cups/day:
HR 0.62, 95% CI 0.46, 0.83; P;reng=0.000003) but not ever-smokers (HR 0.85, 95% CI 0.70,
1.05; Pirena=0.35; Pinteraction=0.0009) and remained in analyses restricted to cases diag-
nosed >10years after baseline (HR 0.65, 95% Cl 0.51, 0.82; Py.,q=0.0005). Associations
were similar between subgroups who drank predominately caffeinated or decaffeinated
coffee (Pinteraction=0.74).

Conclusion: In this investigation of coffee and RCC, to our knowledge the largest to date,
we observed a 20% reduced risk for intake of >2 cups/day vs not drinking. Our findings
add RCC to the growing list of cancers for which coffee consumption may be protective.

Key words: Coffee, caffeinated coffee, decaffeinated coffee, renal cell carcinoma, cancer, clear cell tumour,
smoking, cohort
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Key Messages

inconclusive.

* The epidemiologic evidence to date relating coffee consumption to risk of renal cell carcinoma (RCC) has been

* In this prospective analysis of coffee intake and RCC, the largest of its kind to date, we observed a 20% reduced risk
for intake of >2 cups/day vs not drinking. The relationship was observed among never-smokers only and did not
differ between caffeinated- and decaffeinated-coffee drinkers.

* Our findings add RCC to the growing list of cancers for which coffee consumption may be protective.

Introduction

The health effects of coffee, one of the most popular
beverages in the world, has been the subject of great
debate. Although earlier studies led to concern over
cardiovascular-disease risks,"* recent findings suggest that
coffee consumption may be associated with reductions in
cardiovascular disease, type 2 diabetes and overall mortal-
ity.>™® In the case of cancer, the evidence has been similarly
controversial. In 1991, the International Agency for
Research on Cancer (IARC) classified coffee as a possible
human carcinogen (Group 2B).” However, following a
2016 re-evaluation of the scientific literature, IARC down-
graded its classification of coffee, concluding that there is
inadequate evidence of carcinogenicity (Group 3).* The
IARC panel also noted evidence of inverse associations
with risk of cancers of the endometrium and liver.® Since
that time, additional findings suggesting reduced risks of
these and possibly other cancers have been reported.”!?

In the case of renal cell carcinoma (RCC), the epidemio-
logic evidence to date relating coffee consumption to risk
has been inconclusive. A recent meta-analysis'* was null,
although, in an analysis restricted to cohort studies, a
weak inverse relationship was observed. To clarify this re-
lationship, we investigated the association between coffee
consumption and RCC risk in the National Institutes of
Health—-American Association of Retired Persons (NIH-
AARP) Diet and Health Study—a large prospective cohort.

Methods

Study population

The NIH-AARP Diet and Health Study has been de-
scribed.'® Between 1995 and 1996, a comprehensive ques-
tionnaire assessing diet and lifestyle was mailed to 3.5
million AARP members who were aged 50-71years and
resided in one of six US states (California, Florida,
Louisiana, New Jersey, North Carolina and Pennsylvania)
or two US metropolitan areas (Atlanta, Georgia and
Detroit, Michigan). Of the 566 398 participants who com-
pleted the questionnaire and provided informed consent,

we excluded individuals with questionnaire data that origi-
nated from a spouse or other surrogate correspondent
(n=15760), with any self-reported cancer or diagnosed
with cancer (except non-melanoma skin cancer) prior to
baseline (7= 51346), with only a death record for cancer
(n=4268), with no follow-up time (n=21), with self-
reported end-stage renal disease (7 =970), with missing in-
formation on coffee intake (7=2247) and who resided
outside the eligible states and metropolitan areas (7=9).
We also excluded persons with self-reported history of
heart disease (2=67901) and poor health at baseline
(n=3758) to avoid potential bias from changes in coffee-
drinking habits arising due to illness.® The resulting ana-
lytic cohort included 420118 participants (240095 men
and 180023 women). The NIH-AARP Diet and Health
Study was approved by the Special Studies Institutional
Review Board of the National Cancer Institute.

Cohort follow-up and case ascertainment

Incident cases of RCC were identified through probabilis-
tic record linkage to the eight original state cancer regis-
tries and those of three additional states (Arizona, Texas
and Nevada) subsequently added to capture participants
who moved to those states during follow-up. Participants
were followed from baseline (1995-1996) until the date of
first RCC, the date of death, the end of study follow-up
(31 December 2011) or the date the participant moved out
of the registry area (7.6% of subjects moved out), which-
ever came first. We defined RCC as a first primary malig-
nancy with the International Classification of Disease for
Oncology (ICD-O, 3rd edition) topography code C649
and histology code 8140-8575.

Assessment of coffee intake and other covariates

Participants completed a self-administered 124-item food-
frequency questionnaire (FFQ), as previously described.'®
In an earlier validation of the FFQ, coffee consumption
was highly correlated with intake assessed using two non-
consecutive  24-hour

dietary-recall  questionnaires
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(Spearman coefficient = 0.80).'® Usual coffee intake over
the last 12 months was assessed using 10 frequency catego-
ries, ranging from none to >6 cups/day. Those who
reported consuming coffee also provided information on
whether they drank caffeinated or decaffeinated coffee
more than half the time. We used this information to di-
vide participants into coffee-drinking categories ranging
from none to >4 cups/day and further categorized coffee
drinkers as predominately caffeinated- or decaffeinated-
coffee drinkers. Information on the use of sweetener or
milk/creamer when drinking coffee or tea was also
obtained. We also extracted information on demographic,
health and lifestyle characteristics from the baseline
questionnaire such as age, sex, body mass index (BMI),
marriage status, education, smoking, self-reported history
of diabetes, total energy intake, alcohol consumed in the
past 12 months, self-reported health, healthy eating index

)Y and state of residence.

(HEI; a measure of diet quality
Self-reported history of hypertension was extracted from
a subsequent questionnaire mailed in 1996-1997 and
completed by a subset of subjects in our analytic cohort

(n=259 847).

Statistical analysis

We summarized demographic and lifestyle characteristics
associated with RCC by coffee intake. We fit Cox
proportional-hazards models stratifying by age category at
baseline (<55, 55-59, 60-64, 65-69 and >70 years) to es-
timate hazard ratios (HRs) and 95% confidence intervals
(CIs) for coffee intake with RCC using attained age as the
underlying time metric.

To account for missing data among covariates (0.5%
for alcohol consumption, 0.8% for marital status, 1.3%
for race/ethnicity, 1.5% for self-reported health, 2.4% for
BMI, 2.8% for education, 3.8% for smoking), we con-
ducted multiple imputation using fully conditional specifi-
cation implemented by the multivariate imputation by
chained equations algorithm using R package ‘mice’.'® We
obtained 10 imputations from the models including coffee
consumption, kidney cancer and aforementioned covari-
ates. HRs were obtained for each of the 10 imputed data
sets [function ‘with()’] and were averaged over the 10 data
sets with the overall variance estimated using the function
‘pool()’.

For our analysis, we fit models adjusting only for sex as
a covariate as well as full multivariable models addition-
ally adjusting for race/ethnicity (non-Hispanic White, non-
Hispanic Black, Hispanic and Asian, Pacific Islander or
American Indian/Alaskan Native), BMI (<25, >25 and
<30, and >30 kg/m?), marriage status (married or living as
married, widowed/divorced/separated, never married),

education (less or completed high school, post-high school
or some college, college and postgraduate), smoking (never
smoked, quit <20 cigarettes/day, quit >20 cigarettes/day,
currently smoking <20 cigarettes/day, currently smoking
>20 cigarettes/day), self-reported history of diabetes (yes/
no), total energy intake (calories), alcohol consumption
during the prior 12 months (yes/no) and state of residence.
We also ran multivariable models additionally adjusting
for self-reported history of hypertension within the subset
of participants who completed the follow-up questionnaire
capturing this condition. We estimated HRs for RCC with
categories of coffee intake (<1, 1, 2-3, >4 cups/day) using
no coffee intake as the reference group. We also modelled
coffee intake as a continuous variable based on the mid-
point of coffee-intake categories (including values of 0.21
and 5 for participants in the categories of <1 and >4 cups/
day, respectively) and calculated a Wald statistic as a test
for trend. We tested the proportional-hazards assumption
using statistical tests based on the scaled Schoenfeld resid-
uals and observed no indication of a violation after strati-
fying the baseline hazard by age category.

We conducted stratified analyses and tests of interaction
to explore possible modification of the association between
coffee intake and RCC by sex and race/ethnicity (e.g. from
possible differences in pro- or anti-neoplastic hormonal
and biologic pathways affected by coffee, or in behaviours
correlated with coffee intake) as well as other risk factors
(e.g. by affecting pro- or anti-neoplastic biologic pathways
that are also affected by coffee). We tested for interaction
by inserting model parameters specifying interaction be-
tween coffee intake (modelled as for the trend test) and
other variables, including sex, race/ethnicity (non-Hispanic
White, other), smoking status (never- or ever-smokers),
BMI (<25 and >25kg/m?), self-reported history of diabe-
tes, self-reported history of hypertension and alcohol con-
sumption in the multivariable-adjusted model. We further
conducted stratified analyses across levels of the aforemen-
tioned factors. In addition, we performed subgroup analy-
ses by consumption of predominately caffeinated vs
decaffeinated coffee to assess the impact of caffeine on our
findings and by RCC subtype (clear cell vs non-clear cell
histology) to explore possible effects specific to pathways
dysregulated in clear cell RCC. To test for relative-risk het-
erogeneity across tumour subtypes, we performed a case-
only analysis (clear cell vs non-clear cell) using logistic re-
gression.'” Lastly, we conducted sensitivity analyses by re-
peating analyses for different follow-up periods (<5, >3
and <10, and >10years after baseline), restricting to cof-
fee drinkers (i.e. using <1 cup/day as the referent category),
with additional adjustment for HEI and self-reported
health, and stratifying on whether coffee drinkers reported
adding any sweetener or milk/creamer. We used RStudio
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Version 1.3.1093 (http://www.rstudio.com/) for all statisti-
cal analyses. All statistical tests were two-sided.

Results

Among 420 118 participants who were cancer-free at base-
line, 2674 incident cases of RCC (1981 men and 693
women) were identified. The median age at baseline was
62 years and the majority were male (57%), non-Hispanic
White (91%), married (68%) and had attained more than
post-high school or some college education (72%)
(Table 1). Nearly 90% reported drinking coffee and, of
those, 57% reported drinking >2 cups/day. At baseline,
persons with higher coffee intake were more likely to be
male, non-Hispanic White, current or former smokers and
alcohol drinkers, and they were less likely to have a college
education.

We summarized in Table 2 our findings relating coffee
intake to RCC risk, both overall and by usual caffeine con-
tent. In Cox-regression models, stratifying the baseline
hazard by age category and adjusting for sex only, we ob-
served a weak inverse relationship with increasing coffee
consumption (HR 0.85, 95% CI 0.73, 0.99 for >4 cups/
day of intake vs non-drinkers; P;,.,s = 0.002). When we fit
the multivariable model, the inverse relationship became
stronger (HR 0.77, 95% CI 0.66, 0.90; P,,.,s=0.00003),
mainly due to adjustment for smoking (9% change in HR).
Additional adjustment for history of hypertension in the
subset with information on this condition led to virtually
identical findings (HR 0.75, 95% CI 0.61, 0.91 for
>4 cups/day of intake vs non-drinkers; P,.,,q=0.0002).
We observed a slightly stronger association with intake for
people reporting consumption of caffeinated coffee more
than half the time (HR 0.73, 95% CI 0.62, 0.86;
Pirena=10.00003) compared with usual consumption of de-
(HR 0.85, 95% CI 0.66, 1.09;
Pirena=0.21), although a test of interaction did not sup-

caffeinated coffee

port  effect  modification by caffeine  content
(Pinteraction = 0-74)-

We also investigated associations across strata of study
characteristics. When we stratified analysis by smoking
status, we observed an inverse association among never-
smokers but  not  ever-smokers (Figure 1;
Pipteraction=0.0009). The association with coffee was ap-
parent among men but not among women, although a test
of interaction did not support effect modification by sex
(Supplementary Table 1, available as Supplementary data
at IJE online). The association with coffee also did not dif-
fer across categories of race/ethnicity, BMIL, histories of
self-reported diabetes or hypertension, or alcohol con-
available as

sumption  (Supplementary Table 1,

Supplementary data at IJE online). When we repeated our

analysis using <1 cup/day of intake as the reference cate-

gory, our findings did not materially change
(Supplementary Table 2, available as Supplementary data
at IJE online). The inverse association was present across
different periods of follow-up and was particularly strong
for cases diagnosed >10vyears after baseline (HR 0.685,
95% CI 0.51, 0.82 for >4cups/day of intake vs non-
drinkers; P,,.,q=0.0005; Supplementary Table 3, avail-
able as Supplementary data at IJE online). When we con-
ducted separate analyses by tumour subtype, we observed
a stronger inverse association for clear cell RCC (n=926
cases; HR 0.64, 95% CI 0.49, 0.82 for >4 cups/day;
Pirena=0.0002) compared with non-clear cell RCC
(n=1748 HR 0.87, 95% CI 0.71, 1.06;

Prena=10.002), although, in a test of heterogeneity across

cases;

subtypes, the P-value was 0.13 (Supplementary Table 4,
available as Supplementary data at IJE online). Additional
adjustment for HEI or self-reported health did not change
our findings (Supplementary Table 5, available as
Supplementary data at IJE online). When we conducted a
sensitivity analysis by stratifying on use of sweetener or
milk/creamer, we  observed the same results
(Supplementary Table 6, available as Supplementary data

at IJE online).

Discussion

In this large prospective US cohort, we observed an inverse
relationship between coffee intake and RCC after adjust-
ment for important risk factors, with consumption of
>2 cups/day associated with an ~20% lower risk over
16 years of follow-up. This association was observed
among non-smokers but not ever-smokers and remained
apparent in sensitivity analyses excluding the first 10 years
of follow-up and assessing high vs low intake among coffee
drinkers. The association did not materially differ between
subgroups who reported drinking caffeinated coffee more
than half of the time and those who reported predomi-
nantly drinking decaffeinated coffee.

Our findings provide the strongest epidemiologic evi-
dence to date supporting an inverse relationship between
coffee consumption and RCC. Past studies of this relation-
ship have been inconsistent; a meta-analysis including 16
case—control and 6 cohort studies did not observe a rela-
tionship between coffee consumption and RCC risk.'*
Case—control studies of dietary factors such as coffee are
subject to recall bias, since exposures are assessed retro-
spectively, and to selection bias, if controls are unrepresen-
tative of the source population for cases, the effects of
which may substantially and unpredictably bias risk esti-
mates. When the meta-analysis was restricted to cohort
studies, a 12% lower relative risk per cup of coffee was
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Table 1 Summary of selected characteristics of study participants by coffee consumption (cups/day) in the NIH-AARP Diet and Health Study, 1995

2011 (n=420118)

Coffee intake (cups/day) P for
difference
Characteristic None <1 1 2-3 >4
(n=43652) (n=67810) (n=68220) (n=172520) (n=67916)
Age at baseline, mean (SD) 61.0 (5.5) 61.6 (5.4) 62.5(5.3) 61.9 (5.3) 61.0 (5.4) <0.0001
Total energy intake (calories), mean (SD) 1825.4 (968.0) 1774.0 (951.2) 1795.3 (956.8) 1859.6 (894.0) 2093.6 (1226.1) <0.0001
Sex, 7 (%) <0.0001
Male 21966 (50.3%) 36415 (53.7%) 35571 (52.1%) 101 696 (58.9%) 44 447 (65.4%)
Female 21686 (49.7%) 31395 (46.3%) 32 649 (49.7%) 70 824 (41.1%) 23469 (34.6%)
Race, n (%) <0.0001
Non-Hispanic White 38736 (88.7%) 57679 (85.1%) 59754 (87.6%) 161138 (93.4%) 64 964 (95.7%)
Non-Hispanic Black 2942 (6.7%) 5664 (8.4%) 3802 (5.6%) 3922 (2.3%) 692 (1.0%)
Hispanic 662 (1.5%) 1548 (2.3%) 2067 (3.0%) 3232 (1.9%) 830 (1.2%)
Asian, Pacific Islander or American 704 (1.6%) 1826 (2.7%) 1608 (2.4%) 2269 (1.3%) 646 (1.0%)
Indian/Alaskan Native
Missing 608 (1.4%) 1093 (1.6%) 989 (1.4%) 1959 (1.1%) 784 (1.2%)
BMI at current age (kg/mz), n (%) <0.0001
<25 16 118 (36.9%) 24 464 (36.1%) 24 885 (36.5%) 60447 (35.0%) 23718 (34.9%)
>25 and <30 16 478 (37.7%) 26 444 (39.0%) 27 514 (40.3%) 73 924 (42.8%) 29015 (42.7%)
>30 9918 (22.7%) 15015 (22.1%) 14 021 (20.6%) 34 469 (20.0%) 13722 (20.2%)
Missing 1138 (2.6%) 1887 (2.8%) 1800 (2.6%) 3680 (2.1%) 1461 (2.2%)
Marital status, 7 (%) <0.0001
Married or living as married 27961 (64.1%) 43097 (63.6%) 45 491 (66.7%) 120 424 (69.8%) 47 482 (69.9%)
Widowed, divorced or separated 12 589 (28.8%) 20 189 (29.8%) 18 637 (27.3%) 43237 (25.1%) 17217 (25.3%)
Never married 2782 (6.4%) 3917 (5.8%) 3501 (5.1%) 7645 (4.4%) 2754 (4.1%)
Missing 323 (0.7%) 610 (0.9%) 593 (0.9%) 1222 (0.7%) 468 (0.7%)
Education, n (%) <0.0001
Less or completed high school 10 360 (23.7%) 16 135 (23.8%) 18 320 (26.9%) 42973 (24.9%) 17 804 (26.2%)
Post-high school or some college 13716 (31.4%) 21418 (31.6%) 21949 (32.2%) 57693 (33.4%) 23 489 (34.6%)
College and postgraduate 18 407 (42.2%) 28 247 (41.7%) 25896 (38.0%) 66 998 (38.8%) 24 764 (36.5%)
Missing 1169 (2.7%) 2010 (3.0%) 2055 (3.0%) 4856 (2.8%) 1859 (2.7%)
Current (last 12 months) use of alcohol <0.0001
on baseline (not including
food sources), 7 (%)
Yes 24 869 (57.0%) 50202 (74.0%) 52544 (77.0%) 141 146 (81.8%) 52656 (77.5%)
Missing 170 (0.4%) 297 (0.4%) 299 (0.4%) 816 (0.5%) 323 (0.5%)
Smoking, 7 (%) <0.0001
Never smoked 25394 (58.2%) 31160 (46.0%) 28 895 (42.4%) 54820 (31.8%) 13 872 (20.4%)
Quit, < 20 cigarettes/day 8844 (20.3%) 19283 (28.4%) 20733 (30.4%) 51942 (30.1%) 15288 (22.5%)
Quit, >20 cigarettes/day 5261 (12.1%) 10132 (14.9%) 10 928 (16.0%) 37712 (21.9%) 18 162 (26.7%)
Currently smoking, < 20 cigarettes/day 1788 (4.1%) 3270 (4.8%) 3810 (5.6%) 14 756 (8.6%) 9897 (14.6%)
Currently smoking, >20 cigarettes/day 914 (2.1%) 1146 (1.7%) 1166 (1.7%) 6727 (3.9%) 8090 (11.9%)
Missing 1451 (3.3%) 2819 (4.2%) 2688 (3.9%) 6563 (3.8%) 2607 (3.8%)
Self-reported history of diabetes, 7 (%) 3422 (7.8%) 5361 (7.9%) 5296 (7.8%) 11 747 (6.8%) 4585 (6.8%) <0.0001
Self-reported history of 9486 (34.2%) 15 874 (38.0%) 16 516 (39.4%) 38078 (35.6%) 12 607 (30.3%) <0.0001
hypertension?, 7 (%)
Self-reported health, 7 (%) <0.0001

Excellent
Very good
Good

Fair

Missing

8810 (20.2%)

15 965 (36.6%)
14161 (32.4%)
3985 (9.1%)
731 (1.7%)

12 415 (18.3%)
24 982 (36.8%)
22903 (33.8%)
6414 (9.5%)
1096 (1.6%)

12 436 (18.2%)
25732 (37.7%)
23 344 (34.2%)
5585 (8.2%)
(1

1123 (1.6%)

34 657 (20.1%)

67 844 (39.3%)

55863 (32.4%)

11795 (6.8%)
(1

2361 (1.4%)

13 858 (20.4%)
25 828 (38.0%)
22215 (32.7%)
5068 (7.5%)
947 (1.4%)

NIH-AARP, National Institutes of Health—-American Association of Retired Persons; BMI, body mass index; SD, standard deviation.
*Information on self-reported history of hypertension was extracted from a subsequent questionnaire mailed in 1996-1997 (N =259 847; non-drinkers:
27764, <1cup/day: 41 803, 1 cup/day: 41 871, 2-3 cups/day: 106 868, 4+ cups/day: 41 541).
We conducted analysis of variance tests for continuous variables and chi-squared tests for categorical variables to generate P for difference between groups.
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Table 2 HRs and 95% Cls of renal cell carcinoma for daily coffee consumption in the NIH-AARP Diet and Health Study, overall
and stratified by usual coffee content

Coffee intake (cups/day)

Coffee content None <1 1 2-3 >4 Pirend Pinteraction
All coffee (n=420118)
No. of cases 289 453 467 1050 415
Age and sex-adjusted 1 0.96 (0.83,1.12) 0.97(0.84,1.13) 0.84 (0.74,0.96) 0.85(0.73,0.99)  0.002
HR (95% CI)
Multivariable-adjusted 1 0.94(0.81,1.09) 0.94(0.81,1.09) 0.80(0.70,0.92)  0.77 (0.66,0.90)  0.00003
HR (95% CI)*
Caffeinated coffee
(n=287735)
No. of cases 289 199 273 707 315
Age and sex-adjusted 1 0.97(0.81,1.16)  0.94 (0.80,1.11)  0.80(0.70,0.92)  0.84 (0.71,0.98)  0.005
HR (95% CI)
Multivariable-adjusted 1 0.93 (0.78,1.12) 0.91(0.76,1.07)  0.75(0.65,0.87) 0.73(0.62,0.86) 0.00003
HR (95% CI)?
Decaffeinated coffee
(n=160615)
No. of cases 289 216 180 313 84
Age and sex-adjusted 1 0.95 (0.80, 1.13) 1.04 (0.86,1.25) 0.95(0.81,1.11) 0.86(0.67,1.10) 0.23
HR (95% CI)
Multivariable-adjusted 1 0.96(0.80,1.15) 1.03(0.85,1.24)  0.95(0.80,1.12)  0.85(0.66,1.09) 0.21 0.74

HR (95% CI)®

HR, hazard ratio; CI, confidence interval; NIH-AARP, National Institutes of Health-American Association of Retired Persons; HR, hazard ratio; CI, confi-
dence interval.

?Adjusted for sex, race (non-Hispanic White, non-Hispanic Black, Hispanic and Asian, Pacific Islander or American Indian/Alaskan Native), BMI (<25, >25
and <30, and >30kg/m?), marriage status (married or living as married, widowed/divorced/separated, never married), education (less or completed high school,
post-high school or some college, college and postgraduate), smoking (never smoked, quit <20 cigarettes/day, quit >20 cigarettes/day, currently smoking <20 cig-
arettes/day, currently smoking >20 cigarettes/day), history of diabetes (yes/no), total energy intake (calories, continuous), alcohol consumption in the past
12 months (yes/no), state of residence (CA, FL, GA, LA, MI, NC, NJ, PA).

Smoking status No. cases P-trend P-interaction
Never smoked None (reference) 155
<1 cup/day 213 —
1 cup/da 174 P
2-3 cups/day 279 ——
4+ cups/day 59 —— <0.00001
Ever smoked None (reference) 121
<1 cup/day 219 A
1 cup/da; 274 e
2-3 cupsiday 735 v
4+ cupsiday 343 " : '—I'—I* : Y 0.35 <0.001
04 06 08 1 12 14
HR (95% CI)

Figure 1 Association of daily coffee consumption with renal cell carcinoma stratified by smoking status in the NIH-AARP Diet and Health Study. NIH-
AARP, National Institutes of Health-American Association of Retired Persons; HR, hazard ratio; Cl, confidence interval. Adjusted for sex, race (non-
Hispanic White, non-Hispanic Black, Hispanic and Asian, Pacific Islander or American Indian/Alaskan Native), BMI (<25, >25 and <30, >30 kg/mz),
marriage status (married or living as married, widowed/divorced/separated, never married), education (less or completed high school, post-high
school or some college, college and postgraduate), self-reported history of diabetes (yes/no), total energy intake (calories, continuous), alcohol con-
sumption in the past 12 months (yes/no), state of residence (CA, FL, GA, LA, MI, NC, NJ, PA).

observed, which is similar in magnitude to the effects that
we observed herein. Since the publication of that meta-
analysis,'* three recent cohort investigations have been
reported.?’? Weak inverse associations between coffee
intake and renal cancer were observed within the Cancer
Prevention Study-II (1922 renal-cancer deaths; >6 cups/
day: HR 0.93, 95% CI 0.77, 1.11) and the Multiethnic

Cohort Study (838 incident cases; >4 cups/day: HR 0.89,
95% CI 0.64, 1.23).2%?! An analysis of coffee intake and
cancer incidence in the UK Biobank did not observe an as-
sociation between reported coffee intake and 337 incident
renal cancers; however, in a Mendelian-randomization
analysis of a genetic instrument for coffee consumption
and 1012 renal cancers, a 10% lower risk per predicted
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cup of coffee was observed (odds ratio 0.90, 95% CI 0.67,
1.20).>> In summary, the totality of the published cohort
evidence is suggestive of an inverse association between cof-
fee intake and RCC, similar to that observed in our study.
In analyses stratified on smoking status, we found an in-
verse association with coffee intake among never-smokers
only. The null effect among smokers may reflect the pres-
ence of residual confounding from smoking, which is posi-
tively associated with both coffee intake and RCC risk. Past
studies of coffee and renal cancer did not observe evidence

20.23.24 4]though most

of an interaction with smoking status,
were limited by case numbers in stratified analyses. We also
observed stronger evidence of an inverse association with
coffee intake vs non-drinkers among men than among
women, although a test of interaction did not support effect
modification. Given the absence of supporting evidence at
this time, our findings from these subgroup analyses should
be interpreted with caution.

There are several potential biologic mechanisms
through which coffee intake might lower the risk of RCC.
First, coffee contains many antioxidants and anticarcino-
genic compounds.”>*® In particular, coffee-derived diter-
penes, cafestol and kahweol have been shown to induce
phase-II enzymes involved in carcinogen detoxification,
reduce the expression of phase-I enzymes responsible for
carcinogen activation and stimulate intracellular antioxi-
dant defence mechanisms.”® In addition, polyphenolic
compounds in coffee have been found experimentally to
prevent DNA damage caused by free radicals or carcino-
genic agents.”” Second, coffee intake is associated with
reduced risk of chronic kidney disease (CKD),**7? a risk
factor for RCC, and higher estimated glomerular filtration
rate (eGFR).3! Similarly, a large Mendelian-randomization
analysis found a genetic instrument for coffee intake to be
associated with reduced risks of CKD categories 3 to 5
(G3-GS5) and albuminuria, and a positive association with
eGFR.3? Third, coffee intake has been associated with a
lower risk of developing type 2 diabetes,** a suspected
RCC risk factor, by improving insulin sensitivity.>* Fourth,
the diluting effect due to coffee intake may reduce the risk
of RCC by increasing urine volume and thereby diluting
the concentration of carcinogens in contact with renal epi-
thelial cells.”® Our finding of a similar inverse association
between subgroups of primarily caffeinated and decaffein-
ated coffee suggests that any protective benefits from
coffee are not driven by biologic effects of caffeine itself.

The prospective design is a major strength of our study,
which minimized the potential for bias from reverse
causation from cancer-induced changes in coffee-drinking
habits. The consistency of the observed association across
different periods of follow-up and with additional adjust-

ment for self-reported health status at baseline also argue

against reverse causation as an explanation for our findings.
Also important is its large size; with >2600 incident cases,
it is the largest investigation of coffee intake and RCC con-
ducted to date, nearly equalling the total number of cases
among cohorts included in the meta-analysis of coffee and
renal cancer (n=2736)."* Importantly, this large size
yielded robust statistical power to detect an inverse associa-
tion of the magnitude observed in our analysis, unlike
nearly all previous studies of coffee and RCC. Additional
strengths include the availability of data on several risk fac-
tors for RCC, most notably BMI, smoking and hyperten-
sion, which provided an opportunity to control for
potential confounding in the analysis, as well as data on the
typical consumption of caffeinated vs decaffeinated coffee,
which was not assessed in many prior cohort investigations.

Our study also had limitations. Coffee consumption
was self-reported, with participants asked their typical
coffee consumption over the last 12 months. Although we
were unable to estimate lifetime cumulative coffee con-
sumption, coffee consumption has been shown to be rela-
tively stable over time.>* The limited available information
on consumption of caffeinated vs decaffeinated coffee
weakened our investigations restricted to these beverage
types. In addition, we lacked data on the type of coffee
preparation (espresso, boiled or filtered), which is impor-
tant because constituents of coffee may differ, depending
on the method.>® Given that filtered coffee is predomi-
nantly consumed in the USA,*” our findings are most likely
reflective of the association between filtered coffee and
RCC risk. Lastly, our study population was almost entirely
non-Hispanic White (91%), precluding analyses of other
individual racial/ethnic groups.

Conclusion

In our investigation, to our knowledge the largest of its kind
to date, we found an ~20% reduced risk of RCC for coffee
intake of >2 cups/day, with evidence for a graded association
with lower intake. Our findings add RCC to the growing list
of cancers for which coffee consumption may be protective.
Additional experimental and epidemiologic research investi-
gating the potential benefits of coffee on risk of RCC and
other cancers in diverse populations is warranted.
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