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The Confounded Relation of Coffee Drinking to Coronary Artery Disease

Arthur L. Klatsky, MDa,b,*, Sheri Koplik, MDc, Harald Kippb, and Gary D. Friedman, MS, MDb

After decades of conflicting studies, the relation of coffee drinking to coronary artery
disease (CAD) risk remains unresolved. Using Cox proportional-hazards models with 5
covariates, 127,212 subjects who supplied baseline data at voluntary health examinations
from 1978 to 1985 were studied. Subsequently, 8,357 subjects were hospitalized for CAD.
Coffee drinking was unrelated to CAD risk in 58,888 never smokers, but in ex-smokers and
current baseline smokers, daily coffee intake was associated with higher CAD risk. This
disparity was generally consistent in stratified subgroups. In conclusion, this relation of
coffee consumption to increased CAD risk only in smokers could be explained by incom-
plete control for smoking, by other traits of smokers, or by an adverse biologic interaction
of a coffee ingredient with smoking effect on CAD. © 2008 Elsevier Inc. All rights

reserved. (Am J Cardiol 2008;101:825– 827)
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onflicting reports have appeared about relations of coffee
rinking to coronary artery disease (CAD).1– 8 Although
offee drinking is unrelated to total mortality9,10 and may
educe the risk for several conditions,10 –15 concern persists
bout possible increased CAD risk. In a case-control anal-
sis of 464 subjects with acute myocardial infarctions, we
ound no increased CAD risk for heavy coffee drinkers.1
ater, we reported a cohort study of CAD hospitalizations
ith a mean follow-up period of 5 years and 1,914 patients
ith CAD that showed a slightly increased CAD risk in
eavier coffee drinkers.2 Here we present expanded data
ith 15 additional years of follow-up and 8,357 patients
ith CAD.

ethods and results

he study protocols were approved by the Institutional
eview Board of the Kaiser Permanente Medical Care Pro-
ram. We studied 127,212 subjects who voluntarily under-
ent health examinations16 from 1978 to 1985. Examina-

ion questionnaire items included ethnicity, other
emographics, habits, and medical history. One query was
Do you drink coffee?” with the following response op-
ions: “More than 6 cups per day,” “4-6 cups per day,” “1-3
ups per day,” “less than 1 cup per day,” and “never or
eldom.” There were no queries about type of coffee (e.g.,
affeinated or not) or preparation method. Measurements
ncluded height, weight, and total blood cholesterol. Sub-
ects were followed until December 31, 2004, death, or
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ther health plan termination or first CAD hospitalization
International Classification of Diseases, Ninth Revision,
odes 410 to 414; n � 8,537) at a program facility, yielding
,618,523 person-years of observation. Table 1 lists se-
ected distributions.

We used Cox proportional-hazards models determined
y the PHREG procedure of SAS version 8 (SAS Institute
nc., Cary, North Carolina). Most multivariate models in-
luded age (�10 years), gender, race (referent � white;
lack, other), and cigarette smoking (referent � never;
xsmoker, �1 pack/day, �1 pack/day). Coffee was studied
ategorically, with never or seldom as the referent and �1,
 to 3, 4 to 6, and �6 cups/day or �1, 1 to 3, and �4
ups/day. Coffee was also studied as a continuous per cup
er day variable, with these assigned numbers: 0 for never
r seldom, 0.5 for �1 cup/day, 2.0 for 1 to 3 cups/day, 5.0
or 4 to 6 cups/day, and 7 for ’6 cups/day. Although body
ass index, education, and alcohol drinking were related to
AD, the inclusion of these in models had virtually no
ffect on coffee-CAD relations, and they were not included
n final models. These analyses yielded estimates of relative
isk (RR), 95% confidence intervals (CIs), and p values.

Disproportionate numbers of patients with CAD among
eavier coffee drinkers, ex-smokers, and heavier smokers
Table 1) translated into higher unadjusted rates of CAD.
or example, compared with an overall CAD crude rate of
.2 per 1,000 person-years, the rates for ex-smokers, smok-
rs of �1 pack/day, and drinkers of �4 cups of coffee/day
ere 4.3, 4.4, and 4.6 respectively. A multivariate model

ncluding all subjects showed a modest relation of heavier
offee drinking to higher CAD risk (Table 2). However,
odels stratified by smoking (Table 3) showed no relation

f coffee to CAD risk in never smokers, with increased risk
n smokers and ex-smokers. Figure 1 presents the coffee-
AD relation in all subjects, never smokers, and ever (base-

ine current plus ex-smokers) smokers, making it apparent
hat the relation of coffee to CAD in all subjects was due
ntirely to that of the ever smokers.

The increased CAD risk for heavier coffee drinkers
mong smokers was slightly stronger in women; for exam-
le, for ever smokers reporting �4 cups of coffee/day, the

R was 1.3 (95% CI 1.1 to 1.6, p � 0.001) for women and
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.2 (95% CI 1.0 to 1.29, p � 0.02) for men. It was similar
or several ethnic groups and for those hospitalized for acute
yocardial infarctions or other CAD diagnoses (data not

hown). The relation was slightly stronger later in the fol-
ow-up years; for ever smokers reporting �4 cups of coffee/
ay, the RR of CAD �10 years from baseline was 1.2 (95%
I 1.0 to 1.3, p � 0.07), whereas at �10 years, the RR was
.3 (95% CI 1.2 to 1.5, p �0.001). Covariate relations to
isk for CAD were as expected, showing increased risk
ssociated with age, male gender, and smoking; for exam-
le, the RR for CAD for �1 pack/day was 1.8 (95% CI 1.7
o 1.9, p �0.001). Control for total cholesterol or blood
lucose had little effect; for example, among all smokers,
he RR per cup per day was 1.05 (95% CI 1.04 to 1.07) with
either controlled, 1.05 (95% CI 1.03 to 1.06) with choles-

able 1
elected traits of study population and subjects with coronary artery
isease

roup Total Study Population* Subjects With
CAD n (%)

n (%) Mean Age
(yrs)

ender/ethnicity
All (total) 127,212 (100.0%) 40.7 8,357 (100.0%)
Men 56,211 (44.2%) 41.4 4,980 (59.6%)
Women 71,001 (55.8%) 40.0 3,377 (40.4%)
Black 34,269 (26.9%) 38.4 2,210 (26.4%)
White 71,109 (55.9%) 42.7 5,019 (60.0%)
Other ethnicity 21,834 (17.2%) 38.4 1,128 (13.5%)
offee (cups/day)†

Never or seldom 34,264 (26.9%) 35.0 1,453 (17.4%)
�1 17,837 (14.0%) 38.1 957 (11.5%)
1–3 52,895 (41.6%) 43.2 3,872 (46.3%)
4–6 15,383 (12.1%) 45.0 1,373 (16.4%)
�6 5,451 (4.3%) 45.9 586 (7.0%)
�4 20,834 (16.4%) 45.2 1,959 (23.4%)
igarette smoker

(packs/day)†

Never 60,878 (47.9%) 39.4 3,242 (38.8%)
Ex-smoker 28,286 (22.2%) 44.8 2,469 (29.5%)
�1 21,347 (16.6%) 37.8 1,287 (15.4%)
�1 11,743 (9.2%) 41.1 1,034 (12.3%)

* 1978 to 1985 examinees.
† Percentages do not add up to 100.0% because of missing values.

able 2
elative risk for coronary artery disease hospitalization according to
offee drinking*

roup (cups/day) RR 95% CI p Value

ever or seldom 1.00 Referent —
1 1.02 0.94–1.10 0.7

–3 1.03 0.97–1.09 0.4
–6 1.08 1.00–1.07 0.05
6 1.21 1.10–1.34 0.0002
4† 1.12 1.04–1.20 0.003

er cup per day† 1.02 1.01–1.03 0.0001

* Among 123,016 subjects, of whom 8,357 had CAD; models included
ge, gender, ethnicity, smoking, and coffee consumption.

† Separate models.
erol controlled, and 1.05 (95% CI 1.03 to 1.07) with blood b
lucose controlled. Control for history of diabetes mellitus
lso had little effect (data not shown).

iscussion

hese data about the coffee-CAD relation indicate that a
rait related to smoking but not to coffee alone is involved.
ecause smoking is a strong CAD predictor, residual con-

ounding by incomplete control for smoking is a likely
xplanatory factor. The known correlation of smoking and
offee drinking in this study population12 makes it plausible
hat there might be coffee-correlated variation in amount or
ntensity of smoking within smoking categories. A second
ype of confounding might arise from other user traits of
mokers unfavorable for CAD risk, such as dietary or ex-
rcise habits. User traits might better explain the increased
offee-associated risk for ex-smokers, many of whom may
ave quit smoking because of concerns about illness or
ymptoms. If persistent, user traits might also help account
or the increasing strength of the coffee-CAD relation in
mokers after 10 years of follow-up.

A third possible factor is a biologic coffee-smoking in-
eraction with an additive or synergistic effect. Thus, in
ome way, coffee might act as a promoter or facilitator of
he adverse effects of smoking on atherothrombotic disease.
t is not clear that nicotine has the dominant role in the
romotion of atherogenesis by cigarette smoking, but it may

able 3
djusted* relative risk for coronary artery disease by coffee drinking
ithin smoking strata

offee
cups/day)

Never
Smoked

Ex-Smoker �1 Pack/Day �1 Pack/Day

1 cup/day 1.02 0.98 0.92 0.97
–3 1.05 0.96 0.98 1.01
–6 0.99 1.06 1.13 1.13
6 1.02 1.23† 1.11‡ 1.32†

4 1.00 1.10 1.12 1.21
er cup per day 1.00 1.03† 1.03 1.04‡

* Compared with nondrinkers of coffee; models included age, gender,
thnicity, smoking, and coffee consumption.

† p �0.05; ‡ p �0.01.

igure 1. Adjusted RR for coffee intake categories compared with subjects
eporting coffee intake never or seldom among all subjects, those reporting
hat they never smoked, and those reporting ever smoking (past or current
aseline smoking).
e relevant that nicotine and caffeine are metabolized sub-
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tantially by the hepatic cytochrome P450 1A1 enzyme.17,18

he induction of this enzyme may thus be related to the
trong correlation of smoking with coffee drinking. Caf-
eine clearance is increased by �50% in smokers, except in
he presence of liver cirrhosis.18 By diminishing the physi-
logic effect of nicotine, coffee drinking might facilitate
ncreased cigarette smoking, which in turn might potentiate
he promotion of CAD by some component of tobacco
moke other than nicotine.

Our data can be compared with those from a cohort study
mong male and female health professionals recently re-
orted by Lopez-Garcia et al.6 Those investigators found a
trong smoking-coffee association, and they studied smok-
ng strata separately. In that analysis, female smokers re-
orting �4 cups of coffee/day had an RR of CAD of 1.0
95% CI 0.8 to 1.3), and male smokers had an RR of 1.4
95% CI 0.9 to 2.2). Although Lopez-Garcia et al6 inter-
reted their data as showing no coffee-CAD effect, this
offee-CAD relation in male smokers was similar to our
ata, albeit not statistically significant. The disparity for
emale smokers between the studies may be more apparent
han real, in view of the presence of overlapping CIs. Ad-
itionally, Lopez-Garcia et al6 controlled for dietary factors
nd hormone replacement therapy, which we were not able
o do.

The importance of smoking as a confounder of studies of
offee and CAD has been noted for decades.18–20 There are
other potentially important associations. The first has to do
ith cholesterol. Reports that low-density-lipoprotein cho-

esterol is increased by a lipid-soluble ingredient (cafestol)
n boiled coffee have fueled concern about increased CAD
isk.6 However, probably because filter paper removes caf-
stol, and boiled coffee is not popular in our study popula-
ion, cholesterol seems to play little role in the present
nalysis. The second is the mounting evidence that coffee
rotects against type 2 diabetes mellitus. This might trans-
ate into protection against CAD, but we found no evidence
hat blood glucose levels or diabetes history played a role in
ur data. Confounding by smoking or traits of smokers
emains the dominant factor in our data about coffee and
AD. We conclude that independent of smoking, coffee
rinking is unrelated to CAD risk.
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