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Abstract

Background: Coffee drinkers had a higher risk of lung cancer in some previous studies,
but as heavy coffee drinkers tend to also be cigarette smokers, such findings could be
confounded. Therefore, we examined this association in the nearly half a million partici-
pants of the US NIH-AARP Diet and Health Study.

Methods: Typical coffee intake and smoking history were queried at baseline. During
4 155 256 person-years of follow-up, more than 9000 incident lung cancer cases occurred.
We used Cox proportional hazards regression to estimate hazard ratios (HRs)and 95%
confidence intervals for coffee intake and subsequent incidence of lung cancer. We also
comprehensively adjusted for tobacco smoking and examined associations by detailed
strata of tobacco use.

Results: Coffee drinkers were far more likely to smoke than non-drinkers. Although cof-
fee drinking was associated with lung cancer in age- and sex- adjusted models (HR
for > 6 cups/day compared with none: 4.56, 4.08-5.10), this association was substantially
attenuated after adjusting for smoking (HR: 1.27, 1.14-1.42). Similar findings were
observed for each different histological type of lung cancer, and for participants drinking
predominantly caffeinated or decaffeinated coffee. Little evidence for an association was
observed in our stratified analyses, either within never smokers or in most categories of
tobacco use.

Conclusions: Coffee drinking was positively associated with lung cancer in our study,
although the association was substantially attenuated after adjustment for tobacco
smoking. As our adjustment for lifetime tobacco use was imperfect, it is likely that the re-
maining association is due to residual confounding by smoking, although other explan-
ations are possible.
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Key Messages

* Data from a number of epidemiological studies have suggested that coffee drinkers may have an increased risk of

lung cancer. However, nearly all of these studies were unable to comprehensively adjust for tobacco smoking, a be-
haviour highly correlated with coffee consumption and the main risk factor for lung cancer.

¢ Using data from the US NIH-AARP Diet and Health Study, we investigated the association between self-reported cof-
fee intake (total, caffeinated and decaffeinated) and incident lung cancer with careful adjustment for tobacco use (cur-
rent smoking status, number of cigarettes smoked per day, time since smoking cessation among former smokers,
and whether a participant ever smoked pipes/cigars).

¢ Coffee drinkers were much more likely to smoke in our cohort than non-drinkers.

* We observed a positive association between coffee drinking and lung cancer that was substantially attenuated after
adjustment for tobacco smoking. We observed little evidence for an association among never smokers or in finely de-
tailed strata of cigarette smoking.

* As our assessment of lifetime smoking use was imperfect, residual confounding by tobacco use is a likely explan-
ation for our findings, although we cannot specifically exclude the possibility of a positive association between coffee

drinking and lung cancer.

Introduction

Lung cancer is the second most common incident cancer
and the leading cause of cancer death in the USA, with an
estimated 221 200 new cases and 158 040 deaths in 2015."
Coffee is a commonly consumed beverage and is a signifi-
cant dietary source of antioxidants and other bioactive
compounds that may play a role in carcinogenesis.” Coffee
consumption has recently been linked to lower overall risk
of mortality and a number of different cancer types,”™” but
a recent meta-analysis® indicated increased lung cancer
risk with heavy coffee drinking.

However, residual confounding by cigarette smoking
may be a non-causal explanation for these results.® Cigarette
smoking is the main risk factor for lung cancer,” and smok-
ing and coffee consumption are positively correlated behav-
iours.'*'? Nevertheless, prior studies of coffee intake and
lung cancer risk have lacked the very large size and case
numbers necessary for examining the confounding from
smoking in their analyses.'%!328

Other questions also remain. For example, there is epi-
demiological evidence, although scarce, that decaffeinated

1422 40 con-

coffee may be inversely related to lung cancer,
trast to results for caffeinated coffee. In addition, associ-
ations may also differ by histological subtype. Although
smoking is associated with increased risk of all lung can-
cers, squamous cell and small-cell carcinomas account for
the majority of lung cancer diagnoses among smokers.*
Never smokers, in contrast, are predominantly diagnosed
with adenocarcinoma.*® Despite the potential aetiological
differences by subtype, only lung adenocarcinoma has
been examined separately to date.®

We therefore examined the association between coffee

consumption and incidence of lung cancer within the large,

prospective NIH-AARP cohort; previous studies within
this cohort have identified evidence of lower risk of several

3:6:31.32 and all-cause mortality’ with

site-specific cancers
coffee drinking. With more than 9000 incident lung can-
cers, this cohort includes more cases than all previous stud-
ies combined.® The large number of cases and detailed
information on smoking allowed us to both carefully ad-
just for tobacco use and to evaluate associations among
finer strata of tobacco use. In addition, we evaluated po-
tential differences by histological subtype and caffeinated

or decaffeinated coffee.

Methods

Study population

The NIH-AARP Diet and Health Study [http:/dietand-
health.cancer.gov/] has been previously described.®?
Briefly, 3.5 million AARP members aged 50-71 years and
residing in six US states (California, Florida, Louisiana,
New Jersey, North Carolina and Pennsylvania) and two
metropolitan areas (Atlanta, GA, and Detroit, MI) were
mailed questionnaires in 1995-96, which queried demo-
graphics, health-related behaviours and diet. AARP, for-
merly the American Association of Retired Persons, is a
nonprofit, nonpartisan organization that provides services
to its members; individuals are eligible for AARP member-
ship if they reside in the USA and are at least 50 years of
age. The study cohort included 566 398 participants who
satisfactorily completed the baseline questionnaire and
provided informed consent. We excluded: proxy respond-
ents (n=15 760); individuals with prevalent cancer except
non-melanoma skin cancer (#=49 318); with missing
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information on coffee intake (7=2699); with missing in-
formation on cigarette smoking (=30 200); with im-
plausible or missing total energy (7 =4193), fruit (»=801)
or vegetable (n=1761) intake; and individuals who died
on or before the day their questionnaire was received
(n=41); 457 366 individuals were thus included in our
analysis. This study was approved by the Special Studies
Institutional Review Board at the National Cancer
Institute.

Case ascertainment

Incident lung cancer cases were identified by probabilistic
linkage to state cancer registries from the original eight
states and three additional states (Arizona, Texas and
Nevada) to which participants were most likely to move
during follow-up; further details have been published pre-
viously.>* Lung cancer cases were defined according to the
International Classification of Diseases for Oncology
(ICD), third edition®® codes as previously described*®
and included carcinomas of the bronchus and lung (ICD
34.0-34.9).
adenocarcinoma, squamous cell carcinoma, undifferenti-

Examined histological subtypes included

ated carcinoma or large-cell carcinoma, small-cell

carcinoma and lung cancers not otherwise specified.

Coffee assessment

At baseline, participants completed a 124-item Food
Frequency Questionnaire (FFQ)?” that queried typical diet,
including coffee intake, over the past year. Participants re-
ported the number of cups of coffee they consumed over
the past year using 10 categories, ranging from none to > 6
cups/day, and whether they drank caffeinated or decaffei-
nated coffee more than half of the time. We used these
data to categorize participants into six categories of usual
total coffee consumption over the past year: none (never
drank coffee during the past year), <1, 1, 2-3, 4-5, or>6
cups/day. The same categories were created for caffeinated
and decaffeinated coffee intake, and an indicator variable
was created for individuals missing information on caffeine
type. In stratified analyses, we further collapsed coffee in-
take into four categories: none, <1, 2-3 or >4 cups/day.
Using a previously reported method,®' we performed a
calibration analysis where we used data from a subset of
participants with two 24-h dietary recalls (n=1686) to
correct daily coffee intake estimates in the entire cohort for
measurement error (Supplemental Methods, available as
Supplementary data at IJE online). Lung cancer hazard
ratio (HR) estimates for total coffee intake using measure-
ment-error corrected intakes were similar in magnitude to
those found with uncorrected estimates (Supplemental

Table 1, available as Supplementary data at IJE online);
thus, we focus on the uncorrected estimates.

Covariate assessment

All covariates were assessed at baseline; the main covari-
ates were age, sex and smoking; details regarding the distri-
bution of covariates in our study and the statistical
adjustments for these covariates are provided in Table 1
and Table 2, respectively. Briefly, our assessment of to-
bacco smoking included current cigarette smoking status,
number of cigarettes smoked per day among current and
former smokers, time since smoking cessation among for-
mer smokers, and whether a participant ever smoked
pipes/cigars. Individuals who reported having quit smoking
within the past year were categorized as current smokers.

Statistical analysis

We used Cox proportional hazards regression to estimate
HRs and 95% confidence intervals (Cls) for coffee intake
with total lung cancer, with non-drinkers as the referent
group and person-years as the underlying time metric; non-
drinkers were defined as participants who reported drink-
ing no coffee over the past year. Person-years were calcu-
lated beginning on the date of questionnaire return until
cancer diagnosis, movement out of the registry area, loss to
follow-up, death or the end of follow-up (31 December
2006), whichever came first. Histological subtypes of lung
cancer (adenocarcinoma, squamous cell carcinoma, undif-
ferentiated carcinoma and small-cell carcinoma) were con-
sidered in separate models. The midpoint of each coffee
intake category was used to calculate P-values for trends.
We compared models that were adjusted for age and sex
with those additionally adjusted for tobacco smoking and
other covariates (see Table 2 for details); primary analyses
focused on models adjusted for age, sex and tobacco smok-
ing. Analyses were conducted using SAS 9.3 (SAS Institute,
Cary, NC). All tests of statistical significance were two-
sided.

To better understand how residual confounding may af-
fect observed hazard estimates, we conducted analyses
stratified by detailed smoking categories, including current
cigarette smoking status, number of cigarettes smoked per
day among current and former smokers, and time since
smoking cessation among former smokers.

In secondary analyses, we calculated the HRs for each
type of coffee intake, namely caffeinated and decaffeinated
coffee, within one model; participants who reported drink-
ing coffee but who were missing caffeine type were
included in the model using an indicator variable.
Additionally, we conducted analyses stratified by gender.
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Table 1. Baseline characteristics of the NIH-AARP Diet and Health Study by coffee intake (N= 457 366)?

Coffee intake

Characteristic None <1cup/day 1cup/day 2-3cups/day 4-5cups/day > 6cups/day Total
No. of subjects 46 369 74796 75 383 188 205 55503 17 110 457 366
No. of lung cancers (%) 510 (1) 987 (1) 1122 (1) 4022 (2) 1746 (3) 809 () 9196 (2)
Caffeinated coffee, %" 0 42 58 69 75 79 57
Decaffeinated coffee, %" 0 51 38 28 22 18 30
Age (years), mean (SD) 61.2(5.5) 61.9(54)  62.7(5.3) 62.2(5.3) 61.4(5.3) 60.9 (5.4) 62.0 (5.4)
Men, % 53 57 56 62 67 68 60
Non-Hispanic White, % 90 86 89 94 96 96 92
Family history of cancer, % 49 48 48 49 50 50 49
Currently married, % 65 65 68 71 72 69 69
Education, %

< High school 33 33 37 35 36 41 35

> College graduate 42 41 38 38 38 32 41
Body mass index (kg/m?), mean (SD)  27.3 (5.7)  27.3 (5.4) 27.1(5.2) 27.0(4.8) 27.0 (4.8) 27.0(5.2) 27.1(5.1)
Emphysema, % 2 2 2 3 3 N 3
Diabetes, % 10 10 10 8 8 8 9
Cigarette smoking status, %°

Never® 5S 42 37 27 18 11 32

Former 35 47 50 55 52 44 50

Current 7 8 9 15 26 42 14
Cigarettes smoked per day, % (n=294 574)°

<10 31 33 32 25 17 12 25

11-20 31 32 33 34 32 30 33

21-40 29 27 28 33 38 42 32

>40 9 9 8 9 12 16 10
Years since quitting smoking, % (17 =228 875)f

> 10 81 80 79 76 72 66 77

5-9 12 13 14 15 17 19 15

>1-4 7 7 7 9 11 15 9
Ever smokers of pipes/cigars, % 10 14 15 19 23 25 18
Alcohol, > 3 drinks/day, % 4 6 7 9 10 9 8
Vigorous physical activity 21 19 19 19 19 19 19

> Slweek, %
Poor/fair reported health, % 13 14 13 11 11 13 12
Total energy (kcal/day), mean (SD) 1793.5 1750.2 1767.4 1841.3 1986.8 2176.0 1839.6

(805.9) (785.3) (770.3) (781.5) (845.4) (960.7) (804.0)

NIH-AARP, National Institutes of Health-AARP; SD, standard deviation.

9275 328 men and 182 038 women; all values shown are percentages unless otherwise noted; some percentages do not sum to 100 due to missing data.

PType of coffee consumed (caffeinated or decaffeinated) among coffee drinkers was based on which type of coffee the participant reported drinking more than

half the time. Due to missing data on caffeine type among coffee drinkers, caffeinated and decaffeinated coffee consumption does not sum to 100 for some catego-

ries of coffee consumption.

“Individuals who smoked cigars but not cigarettes contribute to denominator but not numerator.

9Never smokers of any tobacco products (cigarettes, pipes, cigars).
¢Current and former smokers.
fFormer smokers.

Lastly, we assessed the proportional hazard assumption by
testing for an interaction between coffee intake and per-
son-years for total lung cancer.

Results

Over the course of 4 155 256 person-years of follow-up,

9196 incident lung cancer cases were identified.

Descriptively, the majority of lung cancers were diagnosed
in current (46%) and former (49%) smokers (data not
shown). Of the 6507 cases with specified histology, ap-
proximately half (46 %, n =3022) were adenocarcinomas.
The mean age at baseline was 62 years and the median
follow-up time was 10.5 years. Most participants reported
drinking coffee; 75% of participants drank at least 1 cup/
day (Table 2) and the median coffee intake among
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Table 2. Hazard ratios (95% confidence intervals) for lung cancer according to coffee intake in the NIH-AARP Diet and Health

Study (N= 457 366)

Coffee intake

Model adjustments None (ref.) <1 cup/day 1 cup/day 2-3 cups/day 4-5 cups/day > 6 cups/day P-trend
Lung cancer (all)

No. of cases 510 987 1122 4022 1746 809

Age, sex 1.00 1.15(1.03-1.28) 1.22(1.10-1.36) 1.82(1.66-2.00) 2.85(2.58-3.15) 4.56 (4.08-5.10) <0.0001
Age, sex, smoking 1.00 1.00 (0.90-1.11) 0.97(0.88-1.08) 1.06 (0.97-1.17) 1.14(1.03-1.26) 1.27(1.14-1.42) <0.0001
Multivariate-adjusted  1.00 1.01(0.91-1.12)  0.99 (0.89-1.10) 1.10 (1.00-1.20) 1.18 (1.07-1.31) 1.29 (1.15-1.45) <0.0001
Adenocarcinoma

No. of cases 166 361 391 1327 548 229

Age, sex 1.00 130 (1.09-1.57)  1.33 (1.11-1.59) 1.88 (1.60-2.21) 2.78 (2.33-3.30) 3.99 (3.27-4.88) <0.0001
Age, sex, smoking 1.00 1.14 (0.95-1.37)  1.08 (0.90-1.29) 1.16 (0.99-1.37) 1.26 (1.05-1.50) 1.33 (1.09-1.64) 0.0013
Multivariate-adjusted  1.00 1.14 (0.94-1.37) 1.07(0.89-1.29) 1.17(1.00-1.40) 1.28(1.07-1.52) 1.35(1.10-1.65) 0.0005
Squamous cell carcinoma

No. of cases 98 149 196 732 323 175

Age, sex 1.00 0.88 (0.68-1.14) 1.08(0.85-1.38) 1.65(1.34-2.04) 2.60(2.07-3.26) 4.88(3.81-6.25) <0.0001
Age, sex, smoking 1.00 0.73(0.57-0.94) 0.80 (0.63-1.02) 0.85(0.69-1.05) 0.88(0.70-1.11) 1.11(0.86-1.42) 0.0070
Multivariate-adjusted  1.00 0.74 (0.57-0.95) 0.82 (0.64-1.04) 0.90(0.73-1.11) 0.94 (0.74-1.18) 1.14(0.88-1.47) 0.0024
Undifferentiated

No. of cases 28 47 55 206 94 50

Age, sex 1.00 0.99 (0.62-1.58) 1.08 (0.69-1.71) 1.68 (1.13-2.50) 2.75 (1.80-4.20) 5.04 (3.17-8.01) <0.0001
Age, sex, smoking 1.00 0.84 (0.53-1.34) 0.84 (0.53-1.32) 0.95 (0.64-1.41) 1.07 (0.70-1.64) 1.39 (0.87-2.23) 0.0124
Multivariate-adjusted  1.00 0.88 (0.55-1.40) 0.88(0.56-1.40) 1.01(0.68-1.50) 1.12(0.73-1.73) 1.44(0.89-2.31) 0.0130
Small cell carcinoma

No. of cases 64 122 136 586 293 131

Age, sex 1.00 1.15(0.85-1.55) 1.20(0.89-1.62) 2.17(1.67-2.80) 3.89(2.96-5.10) 5.98 (4.43-8.06) <0.0001
Age, sex, smoking 1.00 1.01(0.75-1.37) 0.96 (0.71-1.29) 1.14 (0.88-1.48) 1.27(0.97-1.67) 1.26(0.93-1.71) 0.0020
Multivariate-adjusted  1.00 1.02 (0.75-1.38) 0.97(0.72-1.31) 1.18 (0.91-1.53) 1.32(1.00-1.73) 1.27(0.93-1.72) 0.0016

Referent group was non-drinkers of coffee. All models were adjusted for age at study baseline (continuous) and sex. Smoking adjustment included current cig-

arette smoking status (current, former, never), number of cigarettes smoked per day (1-10, 11-20, 21-30, 31-40, 41-60, > 60), time of smoking cessation among

former smokers (< 1 year, 1 to <S5 years, 5 to < 10 years, or > 10 years before baseline) and whether a participant ever smoked pipe/cigars (yes/no). Additional

covariates in the multivariate model included race/ethnicity (non-Hispanic White, non-Hispanic Black, other), body mass index (BMI; as < 18.5, 18.5 to <25, 25

to < 30, and > 30 kg/mz), level of education (< 11 years, high school graduate, some college, college graduate), alcohol consumption (0, <1, 2-3 or > 3 drinks/

day), health status (good/excellent, good, poor/fair), total energy intake (kcal, continuous), nutrient density-adjusted fruit intake (continuous), nutrient density-ad-

justed vegetable intake (continuous), supplement use (yes/no), current marital status (married/not married), physical activity (never/rarely, 1-3 x month, 1-2x

week, 3-4 x week or > 5 x week), history of cardiovascular disease (yes/no), diabetes (yes/no) and family history of cancer (yes/no).

consumers was 2.5 cups/day. The majority of coffee
drinkers (63%) drank predominantly caffeinated coffee
(data not shown). Coffee drinkers were more likely to be
men and to have a lower level of education.

Over half of the participants reported a history of cigar-
ette smoking (50% former, 14% current smokers), and
current and former smokers were more likely to drink cof-
fee; 33% (n=21750) of current smokers drank >4 cups
of coffee per day, compared with 8% (7=11 790) of never
smokers (data not shown). Ever use of pipes or cigars was
also more common among participants with higher coffee
intakes. Individuals who reported greater smoking inten-
sities (number of cigarettes smoked per day) also reported
greater consumption of coffee (Supplemental Table 2,
available as Supplementary data at IJE online). For ex-
ample, consumption of at least 6 cups of coffee per day

was reported by 24% of current smokers with a smoking
intensity of >40 cigarettes per day and, in contrast, only
5% of current smokers with a smoking intensity of 1-10
cigarettes per day. This association was similar, but
weaker, among former smokers. In linear regression mod-
els, individuals who smoked a greater number of cigarettes

per
(P <0.0001; data not shown); this association persisted

day also reported higher coffee consumption
after adjustment for age and sex.

In models adjusted for age and sex, coffee intake was
positively associated with lung cancer; as compared with
non-drinkers, those who consumed > 6 cups/day had the
highest hazard (HR=4.56; 95% CI=4.08-5.10)
(Table 2). After further adjustment for smoking, however,
the association was substantially attenuated (comparing > 6

cups/day with 0, HR=127; 95% Cl=1.14-1.42).
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Table 3. Coffee type (caffeinated, decaffeinated): hazard ratios and 95% confidence intervals for lung cancer according to coffee

intake in the NIH-AARP Diet and Health Study (N= 457 366)

Caffeinated coffee intake

None (ref.) <1 cup/day 2-3 cups/day > 4 cups/day P-trend
Lung cancer (all) No. of cases 510 1059 2839 2004 -
HR (95% CI) 1.00 0.93 (0.83-1.03) 1.06 (0.96-1.17) 1.18 (1.07-1.31) <0.0001
Adenocarcinoma No. of cases 166 376 928 612 -
HR (95% CI) 1.00 1.05 (0.88-1.26) 1.16 (0.98-1.37) 1.30 (1.09-1.55) 0.0004
Squamous cell carcinoma No. of cases 98 185 509 393 -
HR (95% CI)  1.00 0.76 (0.59-0.97)  0.94 (0.67-1.04)  0.96 (0.76-1.20)  0.0130
Undifferentiated carcinoma No. of cases 28 48 140 122 -
HR (95% CI)  1.00 0.74 (0.46-1.17)  0.91(0.60-1.37)  1.26 (0.83-1.91)  0.0165
Small-cell carcinoma No. of cases 64 125 423 323 -
HR (95% CI)  1.00 0.87 (0.64-1.17)  1.15(0.88-1.49)  1.21(0.92-1.59)  0.0050
Decaffeinated coffee intake
None (ref.) <1 cup/day 2-3 cups/day > 4 cups/day P-trend
Lung cancer (all) No. of cases 510 903 1027 454 -
HR (95% CI) 1.00 1.02 (0.92-1.14) 1.04 (0.94-1.16) 1.13 (1.00-1.29) 0.0003
Adenocarcinoma No. of cases 166 324 351 140 -
HR (95% CI) 1.00 1.14 (0.94-1.37) 1.16 (0.96-1.40) 1.20 (0.96-1.50) 0.0583
Squamous cell carcinoma No. of cases 98 127 197 86 -
HR (95% CI)  1.00 0.71 (0.54-0.92)  0.90 (0.70-1.14)  0.90 (0.67-1.20)  0.0866
Undifferentiated carcinoma No. of cases 28 48 57 14 -
HR (95% CI)  1.00 0.97 (0.60-1.54)  1.01(0.64-1.54)  0.61(0.32-1.15)  0.9539
Small-cell carcinoma No. of cases 64 116 145 86 -
HR (95% CI)  1.00 1.11(0.82-1.51)  1.15(0.86-1.55)  1.52(1.10-2.10)  0.0004

Caffeinated (cups/day), decaffeinated (cups/day), and missing coffee intake (yes/no) were in one model adjusted for age, sex and smoking. The referent group

was non-drinkers of coffee (reported no coffee intake of any kind over the past year). Type of coffee consumed (caffeinated or decaffeinated) among coffee

drinkers was based on which type of coffee the participant reported drinking more than half the time; an indicator variable represented coffee drinkers who were

missing data on caffeine type.

Smoking adjustments included current cigarette smoking status (current, former, never), number of cigarettes smoked per day (1-10, 11-20, 21-30, 31-40,

41-60, > 60), time of smoking cessation among former smokers (< 1 year, 1 to <§ years, 5 to < 10 years, or > 10 years before baseline) and whether a participant

ever smoked pipe/cigars (yes/no).

Further adjustment for other covariates did not substan-
tially alter these estimates. There was an interaction be-
(P=0.0043).
Therefore, we subdivided the data into three subsets
(<3.7,>3.7 to 7.2 and > 7.2 person-years), each with ap-
proximately one-third of cases, to estimate how HRs var-

tween coffee intake and person-years

ied over the follow-up time period. The HR comparing > 6
cups/day with none was greater than 1 in each subset
although slightly higher in the later follow-up categories;
HRs (95% CI) were 1.07 (0.88-1.31), 1.39 (1.14-1.68)
and 1.37 (1.13-1.67) for the early, middle and later per-
son-year categories, respectively. Since the direction of the
association was similar in each stratum of follow-up time,
we present the overall HRs for our main analysis; these
HRs represent an average of the HRs over the entire
follow-up period.

We also found similar associations for each histological
type of lung cancer, and for participants drinking predom-
inantly caffeinated or decaffeinated coffee (Table 3). The

association between high intake of caffeinated coffee and
lung cancer hazard was largely driven by adenocarcinoma,
but hazard rates were elevated in each category of caffein-
ated coffee intake coffee compared with non-drinkers. For
decaffeinated coffee, hazard rates were highest for small-
cell carcinoma with coffee drinkers having a higher hazard
compared with non-drinkers.

The highest level of coffee intake (> 4 cups/day) was
associated with a higher hazard rate of lung cancer in men
(HR =1.25; 95% CI=1.09-1.43) but this was less prom-
(HR=1.10; 95% CI=0.95-1.26)
(Supplemental Table 3, available as Supplementary data at

inent in women
IJE online). No clear sex differences were observed for the
histological subtypes.

We examined interactions between coffee intake and
person-years in all aforementioned stratified analyses to
test the proportional hazards assumption; this interaction
term was significant among squamous cell lung cancer
(P=0.02) and total lung cancer among women (P = 0.02),
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Table 4. Hazard ratios (95% confidence intervals) for lung cancer according to coffee intake by smoking status, time since smok-
ing cessation and number of cigarettes smoked per day in the NIH-AARP Diet and Health Study (N =442 280)

Coffee intake

Smoking subgroup, cigarettes per day (7) Cancer None (ref.) <1 cup/day 2-3 cups/day > 4 cups/day P-trend
Never smokers (=147 706) - No. of cases 66 188 144 33
HR (95% CI) 1.00 1.13 (0.86-1.47) 0.97 (0.74-1.29) 1.08 (0.74-1.58) 0.5699
Former smokers (n = 228 875)
Quit > 10 years ago <10(49721) No.ofcases 30 96 90 28
HR (95% CI) 1.00 0.68 (0.45-1.03) 0.60 (0.40-0.91) 0.81 (0.48-1.36) 0.6550
11-20 (53 718) No. of cases 48 218 295 76
HR (95% CI) 1.00 0.89 (0.65-1.21) 0.88(0.65-1.20) 0.82 (0.57-1.18) 0.4408
21-40 (53 447) No. of cases 49 285 516 210
HR (95% CI) 1.00 1.26 (0.93-1.71) 1.42 (1.06-1.91) 1.67(1.23-2.28) 0.0002
>40 (18 877)  No. of cases 27 134 249 112
HR (95% CI) 1.00 1.15(0.76-1.75) 1.32(0.89-1.97) 1.26(0.82-1.91) 0.2949
Quit 5-9 years ago <10 (5461) No. of cases 6 24 37 9
HR (95% CI) 1.00 0.72(0.30-1.77) 0.89 (0.37-2.11) 0.93 (0.33-2.61) 0.5439
11-20 (10 003) No. of cases 15 78 136 41
HR (95% CI) 1.00 0.86 (0.49-1.50) 1.00 (0.59-1.71) 0.96 (0.59-1.71) 0.5215
21-40 (13 487) No. of cases 25 135 254 116
HR (95% CI) 1.00 0.90 (0.59-1.38) 0.96 (0.63-1.45) 1.03 (0.67-1.60) 0.3208
>40 (4678) No. of cases 11 49 131 72
HR (95% CI) 1.00 0.82 (0.43-1.58) 1.22(0.66-2.25) 1.03 (0.55-1.96) 0.3323
Quit 1-4 years ago <10(3365)" No.ofcases 1 24 26 17
HR (95% CI) - - - -
11-20 (6308)  No. of cases 17 55 126 61
HR (95% CI) 1.00 0.61(0.36-1.06) 0.83(0.50-1.38) 0.97 (0.56-1.66) 0.0446
21-40(7659) No. of cases 18 77 189 113
HR (95% CI) 1.00 0.95(0.57-1.59) 1.11 (0.68-1.80) 1.24(0.75-2.05) 0.0685
>40 (2151) No. of cases 8 25 69 53
HR (95% CI) 1.00 0.64 (0.29-1.42) 0.93 (0.45-1.94) 0.90(0.43-1.90) 0.3415
Current smokers (7=65 699) <10 (16 382) No. of cases 27 178 296 152
HR (95% CI) 1.00 1.17(0.78-1.76) 1.21(0.81-1.79) 1.36 (0.90-2.04) 0.1180
11-20 (26 081) No. of cases 74 266 722 556
HR (95% CI) 1.00 0.90 (0.69-1.16) 1.03(0.81-1.31) 1.14(0.89-1.45) 0.0022
21-40 (20 769) No. of cases 72 217 637 750
HR (95% CI) 1.00 0.98 (0.75-1.28) 1.00 (0.78-1.28) 1.18 (0.93-1.51) 0.0012
>40 (2457) No. of cases 11 37 85 145
HR (95% CI) 1.00 1.28 (0.65-2.50) 1.20 (0.64-2.25) 1.38(0.75-2.55) 0.2852

Participants who smoked pipes/cigars but not cigarettes (7 =15 086) were excluded from model. Referent group was non-drinkers of coffee. Hazard ratios

were adjusted for age at study baseline (continuous) and sex, current cigarette smoking status (current, former, never), number of cigarettes smoked per day (1-
10, 11-20, 21-30, 31-40, 41-60, > 60), time of smoking cessation among former smokers (< 1 year, 1 to <5 years, 5 to < 10 years, or > 10 years before base-

line), whether a participant ever smoked pipe/cigars (yes/no).

?Hazard estimates not provided for former smokers who quit 1-4 years ago and had smoked < 10 cigarettes/day, due to small number of cases (n=1) in refer-

ent group.

and for caffeinated and decaffeinated coffee (P=0.01 and
P <0.0001, respectively). Using the methodology detailed
above for total lung cancer, we examined the HRs by fol-
low-up time period; the pattern of the HRs across the cate-
gories of coffee consumption did not differ qualitatively by
the three time periods in these sub-analyses, so we present
the overall HRs herein.

To better understand the impact of potential residual
confounding by smoking on the observed associations, we

estimated HRs within more detailed smoking strata includ-
ing cigarettes per day among current and former smokers,
and additionally by years since quitting smoking among
former smokers (Table 4 and Figure 1). Whereas the associ-
ation looked qualitatively different by smoking strata
(Figure 1), there was no statistical interaction between
coffee and smoking (P-value for interaction=0.427).
Among never smokers (7=431 cases), no association was
observed for coffee drinking and lung cancer overall
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Figure 1. Hazard ratios for lung cancer in the NIH-AARP Diet and Health
Study (N=442 280), comparing coffee consumption of >4 cups/day
with none, by smoking status, time since quitting smoking and number
of cigarettes smoked per day. Participants who smoked pipes/cigars but
not cigarettes (n= 15086) were excluded from model. Cox proportional
hazards regression used non-drinkers of coffee (reported never drinking
coffee during the past year) as the referent group. Hazard ratios were
adjusted for age at study baseline (continuous) and sex, current cigar-
ette smoking status (current, former, never), number of cigarettes
smoked per day (1-10, 11-20, 21-30, 31-40, 41-60, > 60), time of smok-
ing cessation among former smokers (< 1 year, 1to <5 years, 5to <10
years, or > 10 years before baseline) and whether a participant ever
smoked pipe/cigars (yes/no). Hazard estimates not provided for former
smokers who quit 1-4 years ago and had smoked < 10 cigarettes/day,
due to small number of cases (n= 1) in referent group.

cups/day with 0, HR=1.08; 95%
CI=0.74-1.58) or within each examined histological sub-
Table 4,
Supplementary data at IJE online). Additionally, we found

(comparing > 4

type stratum (Supplemental available as
no consistent association between coffee drinking and
lung cancer among strata of smoking intensity. Although
positive associations were seen among several categories
of cigarettes per day in current smokers (current smoking
participants who smoked 11-20 or 21-39 cigarettes per
day), we observed little evidence for an association in
nearly every other examined stratum, including partici-

pants who quit 1-4 years before study baseline.

Discussion

In our study, we observed a positive association between
coffee drinking and subsequent lung cancer, with partici-
pants drinking > 6 cups/day at about 30% greater hazard
than non-drinkers. However, we observed little evidence
for an association among examined subgroups of smoking
use. For example, we saw no association among former
and never smokers, which are the largest subgroups in our
cohort. Residual confounding is also of substantial concern
as coffee drinkers in our cohort were substantially more
likely to be cigarette smokers, and our adjustment for cig-
arette smoking was likely imperfect. Together, these obser-
vations suggest that the association we saw overall was
most likely not causal and would have been further attenu-
ated with perfect adjustment for lifetime tobacco use.
However, we cannot completely exclude the possibility of
an association, particularly as we had only modest case
numbers in many of our subgroups of cigarette use. In this
study, adenocarcinoma was the lung cancer subtype most
strongly associated with coffee intake, although squamous
cell carcinoma is most closely linked to smoking.
Additionally, caffeinated coffee was most strongly associ-
ated with adenocarcinoma whereas decaffeinated coffee
was most strongly associated with small-cell carcinoma.
Further study is needed to determine whether these find-
ings are due to chance or reflect potential biological differ-
ences in disease aetiology between subtypes of lung cancer.

A recent meta-analysis of the topic reported a positive as-
sociation but advocated a cautious interpretation, as many
of the included studies did not adjust for tobacco use.®*®
Among the previous studies which detected increased risk

among coffee drinkers,"*™"”

14-16
b

many were case-control stud-
ies these study designs may be subject to greater recall
and selection biases and thus further evidence from pro-
spective studies was needed. Previous studies were not as big
as ours and used various methods to address residual con-
founding by smoking. Many of the positive associations be-
tween coffee drinking and lung cancer incidence or
mortality were detected among smokers, either in studies
limited to smokers'* or in strata of smokers in stratified ana-
lyses within larger studies.*”

As coffee drinkers were more likely to smoke than non-
drinkers and smoking is the most important cause of lung
cancer, we investigated potential residual confounding
using a multifaceted approach. First, the higher hazard
observed with coffee intake in the age- and sex-adjusted
models was substantially attenuated once we carefully ad-
justed for smoking. Secondly, hazard estimates in never
smokers were close to 1. Although we observed elevated
associations among ever smokers, in stratified analyses
these elevations persisted only in some categories of
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smoking, particularly current smokers; we would expect
residual confounding by smoking to exert a maximum ef-
fect among this group. Although we assessed a number of
different aspects of smoking use in our study, we lacked
data that would allow us to more comprehensively adjust
for smoking, including depth of inhalation, environmental
smoke exposure, age at smoking initiation, years smoked
during one’s lifetime, nicotine dependence and detailed in-
formation on pipe and cigar use. Based on the substantial
attenuation we observed after adjustment for age at smok-
ing cessation and typical cigarettes per day, it is plausible
that additional adjustment for tobacco use would have fur-
ther attenuated our observed associations. Supporting this
idea, associations for coffee and lung cancer appeared to
be somewhat stronger in men whereas tobacco use ap-
peared to be somewhat lower in women. However as we
had only modest case numbers in many of our stratified
analyses, we cannot exclude the presence of a modest posi-
tive or inverse association.

In our study, greater smoking intensity was strongly
correlated with heavier coffee consumption. A potential
contributing factor for this correlation is the shared
CYP1A2 metabolic pathway. In genome-wide association
(GWAS) studies reported by our group and confirmed by
others, the CYP1A2 gene is related to self-reported habit-
ual coffee consumption.’”**=** Moreover, CYP1A2 per-
forms the first step in the metabolic processing of caffeine.
Both caffeine (a naturally occurring compound in coffee)
and compounds in tobacco smoke including polycyclic aro-
matic hydrocarbons (PAHs) and nicotine, upregulate the
CYP1A2 pathway.*** Consequently, heavier smokers
may need to drink more coffee to receive the same effect
from caffeine as non-smoking counterparts. Also, individ-
uals with high coffee intake may need to smoke more cig-
arettes to receive the same effect from nicotine.

The prospective study design is a major strength of our
study. Our study also benefited from the large size of the
underlying cohort, such that the number of incident lung
cancers was higher than that of all previous studies com-
bined, allowing greater statistical power to conduct strati-
fied analyses.

However, our study also had limitations. Coffee con-
sumption was self-reported, and participants were only
queried about typical coffee consumption in the past year;
we lack data on cumulative exposure, but coffee consump-
tion is considered to be relatively stable over time. The
onset of exposure (here, coffee) among coffee drinkers
likely occurred decades before the administration of the
food frequency questionnaire, and thus there may be a se-
lection bias in this sample of individuals who are still alive
and cancer free at study baseline; this type of bias is

common in cohort studies.**™* We categorized partici-
pants’ coffee consumption as decaffeinated or caffeinated
based on which type they drank more than half the time,
and we do not have quantitative information on caffeine.
The majority of coffee consumed in the USA is filtered cof-
fee, and thus our findings largely reflect the association be-
tween filtered coffee and lung cancer; it is plausible that
associations may differ for other types of coffee (unfiltered,
percolated, espresso) due to varying amounts of caffeine
and other constituents, and future studies should investi-
gate these potential differences.

In addition, the effect of measurement error associated
with data derived from food frequency questionnaires’ is
unpredictable due to potential residual confounding from
other confounders measured with error. To minimize this
measurement error, we conducted sensitivity analyses in
which self-reported coffee intake was calibrated using a
subgroup of participants who completed two 24-h dietary
recalls. In these analyses, we found that the magnitude and
direction of the associations for total coffee intake with
overall lung cancer and each lung cancer subtype were
similar to our main findings. Some potential confounding
influences may remain in our data, as we are missing data
on past occupational exposures, including carcinogens,
which may impact on lung cancer hazard; however, this
cohort largely consists of retired individuals with a high
level of education, and thus it is unlikely that such expos-
ures were common in this group. Additionally, although
movement out of the area linked to study data was min-
imal,®! incident cases could not be identified in cohort
members who moved outside the area covered by study-
linked registries. Lastly, examination of associations be-
tween coffee consumption and risk of subtype-specific lung
cancers is a strength of our study, but approximately one-
third of lung cancer cases had unspecified histology. Cases
diagnosed by fine-needle aspiration or cytology, such as
advanced stage lung cancer cases that are not candidates
for curative resection, often have insufficient tissue to es-
tablish a precise histological subtype. However, we did not
observe marked differences in coffee-related risk among
lung cancer cases with unspecified compared with well-
characterized histology, and the confidence intervals for all
the histology groups substantially overlap.

In summary, we observed a positive association be-
tween coffee drinking and lung cancer in our study, with
participants who drank>6 cups a day at about 30%
higher hazard compared with non-drinkers. However, the
association was substantially attenuated after adjustment
for tobacco smoking. As our adjustment for lifetime to-
bacco use is imperfect, it is likely that the observed associ-
ation between coffee drinking and lung cancer in our
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cohort is due to residual confounding by tobacco smoking.
Nevertheless, we cannot rule out a positive association.

Supplementary Data

Supplementary data are available at IJE online.
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