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COFFEE, CAFFEINE, AND CARDIOVASCULAR DISEASE IN MEN

Dieperick E. Groeeeg, M.D., Eric B. RimM, B.S., Epwarp Girovannucci, M.D., GRanam Corpitz, M.D.,
MEIR STaMPFER, M.D., AND WALTER WILLETT, M.D.

Abstract Background. For many years, an association
between coffee consumption and the risk of coronary
heart disease has been suspected. Although based on
small numbers of end points, a prospective study has sug-
gested a particularly strong association between re-
cent coffee drinking and the incidence of cardiovascular
disease.

Methods. We examined prospectively the relation of
coffee consumption with the risk of myocardial infarction,
need for coronary-artery bypass grafting or angioplasty,
and risk of stroke in a cohort of 45,589 U.S. men who were
40 to 75 years old in 1986 and who had no history of
cardiovascular disease.

Results. During two years of follow-up observation,
221 participants had a nonfatal myocardial infarction or
died of coronary heart disease, 136 underwent coronary-
artery surgery or angioplasty, and 54 had a stroke. Total
coffee consumption was not associated with an increased
risk of coronary heart disease or stroke. The age-adjusted

OR many years, an association has been suspected
between coffee drinking and cardiovascular dis-
ease, in particular coronary heart disease.'? Studies
have been inconsistent, however, fueling a debate
about the hazards of coffee drinking.?® Although find-
ings in several case—control studies support an elevat-
ed risk of myocardial infarction among men and wom-
en with high coffee intakes,23%'®2 others do not,*”!!
and reports of prospective studies show similarly con-
flicting results.>6810.1217.21.22 ¢ hag been suggested
that some negative findings may be due to the relative-
ly small size of most of the studies or the long time
between the assessment of coffee intake and the occur-
rence of cardiovascular events.>!!"'+2+27 [ a study by
LaCroix and coworkers,'* of 1130 male medical stu-
dents followed for up to 35 years, those who drank five
or more cups of coffee daily were reported to have a
2.5-fold risk of coronary heart disease as compared
with nondrinkers. This risk was greatest for coffee use
reported within a few years before the event, and the
authors speculated that the absence of a positive asso-
ciation in some other studies was due to an excessively
long period between the assessment of coffee intake
and the occurrence of cardiovascular events.'*
Studies addressing the mechanisms by which coffee
consumption increases cardiovascular disease also of-
fer conflicting results. Coffee may raise serum choles-
terol levels, although this effect is probably influenced
by the brewing method.?* In a preliminary report of
a randomized trial, decaffeinated coffee increased lev-
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relative risk for all cardiovascular disease among par-
ticipants who drank four or more cups of coffee per day
was 1.04 (95 percent confidence interval, 0.74 to 1.46).
Increasing levels of consumption of caffeinated coffee
were not associated with higher risks of cardiovascular
disease. Higher consumption of decaffeinated coffee,
however, was associated with a marginally significant
increase in the risk of coronary heart disease (relative
risk, 1.63; 95 percent confidence interval, 1.02 to 2.60).
Finally, we observed no pattern of increased risk across
the subgroups of participants with increasing intakes
of caffeine from all sources. Adjustment for major car-
diovascular-risk indicators, dietary intake of fats, and
cholesterol intake did not materially alter these associ-
ations.

Conclusions. These findings do not support the hy-
pothesis that coffee or caffeine consumption increases the
risk of coronary heart disease or stroke. (N Engl J Med
1990; 323:1026-32.)

els of low-density lipoprotein cholesterol, and findings
in a second double-blind study did not support an
effect of caffeine.’®3' Coflfee may also raise blood pres-
sure’*3 and induce cardiac arrhythmias.?® The best-
known pharmacologically active substance in coffee is
caffeine, but effects may be mediated by a variety of
other substances.**

In this paper we examine the relation of coffee, caf-
feine, and tea intake with the incidence of coronary
heart disease and cerebrovascular disease in a large
cohort of U.S. men participating in the Health Profes-
sionals Follow-up Study.

METHODS
Population for Analysis

The Health Professionals Follow-up Study is a longitudinal study
of risk factors for cardiovascular disease and cancer among 51,529
men in the United States who were 40 to 75 years of age in 1986.
The study population consists of 29,683 dentists, 3745 optom-
etrists, 2218 osteopathic physicians, 4185 pharmacists, 1600 podia-
trists, and 10,098 veterinarians who returned a mailed question-
naire in 1986. These were 33 percent of the potentially eligible men
to whom we initially mailed questionnaires. From the base-line
questionnaire we obtained information on medical history, past and
present smoking habits, and family history of coronary heart dis-
ease and stroke.

Among the 51,529 health professionals who returned the base-
line questionnaire, a total of 4350 cohort members reported a histo-
ry of cardiovascular disease, including 2290 with a previous myo-
cardial infarction, 1875 with previous coronary-artery bypass
grafting or percutaneous transluminal coronary angioplasty, 2154
with angina pectoris, and 466 with a stroke or transient ischemic
attack. For the present analysis, after excluding 222 men who did
not provide data on coffee use and 1368 men who did not provide
complete information on diet, height, and weight in 1986, we includ-
ed the remaining 45,589 members of the cohort who were free of
reported cardiovascular disease at the start of the follow-up period.

Assessment of Diet

As part of the base-line questionnaire, the participants completed
a semiquantitative food-frequency questionnaire regarding the
average use of 131 foods and beverages in the previous year. This
ionnaire included questions about the use of caffeinated and
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decaffeinated coffee and tea. There were nine possible responses
regarding the frequency with which subjects drank one cup of these
beverages: never or less than once a month, one to three times a
month, once a week, two to four times a week, five or six times a
week, once a day, two to three times a day, four to five times a day,
and six or more times a day. Nutrient intakes were computed from
the reported frequency of consumption of each specified unit of
food or beverage and the nutrient content of the specified portions.*
Total caffeine intake was calculated by summing the amounts
contained in the coffee, brownies, candies, chocolate and choco-
late cookies, cocoa, cola beverages, and tea consumed by the sub-
jects. The caffeine score was calculated with use of the caffeine
content of the specified portion size for each food, multiplied by a
weight proportional to its frequency of use, with once-daily use
equal to 1.0.

To evaluate the validity of the reported consumption of coffee
and tea, as well as other dietary factors, 127 participants residing in
eastern Massachusetts weighed and recorded all foods and bever-
ages consumed at each meal for two one-week periods six to eight
months apart; several weeks after the second period they completed
another dietary questionnaire identical to the base-line question-
naire. The mean total consumption of coffee in cups per day was
1.83 on the base-line questionnaire, 1.56 according to the dietary
records, and 1.75 on the repeat diet questionnaire. Spearman corre-
lations were 0.82 between the dietary records and both the base-line
and repeat questionnaires. For tea, the mean numbers of cups per
day were 0.47 on the base-line questionnaire, 0.51 according to
dietary records, and 0.55 on the repeat diet questionnaire. Spear-
man correlations were 0.68 between the dietary records and the
base-line questionnaire and 0.75 between the records and the repeat
questionnaire.

Morbidity and Mortality Follow-up

All members of the cohort received the first mailing of a biennial
follow-up questionnaire in January 1988. Participants were asked
whether they had experienced a myocardial infarction or cerebro-
vascular accident or had undergone coronary-artery surgery or an-
gioplasty since January 1986. After up to six mailings, 96 percent of
the population enrolled in 1986 returned the follow-up question-
naire.” Deaths were ascertained by reports of family members,
from questionnaires returned by the postal system, or by reports
from the participants’ professional organizations. In addition, the
vital status of nonresponding members of the cohort was assessed
with the use of the computerized National Death Index. This meth-
od has previously been shown to be highly sensitive in identifying
deaths in a similar study among women.*

When a report of myocardial infarction, stroke, or death from
cardiovascular disease was identified from the questionnaire or vital
records, we asked for permission from the participant (or next of kin
for decedents) to obtain hospital records for confirmation of the self-
reported disease. The primary end points for this study were fatal
and nonfatal myocardial infarction, coronary-artery bypass grafting
or percutaneous coronary angioplasty, total coronary heart disease,
fatal and nonfatal stroke, and total cardiovascular disease. A defi-
nite myocardial infarction was classified according to the criteria of
the World Health Organization and required symptoms and either
typical electrocardiographic changes or elevation of serum cardiac
enzyme levels.?® A definite stroke was classified as confirmed if the
criteria of the National Survey of Stroke were met.*’ Incident cases
of nonfatal myocardial infarction and nonfatal stroke were classified
as probable if hospital records could not be obtained but the event
required hospitalization and was corroborated by additional infor-
mation from a letter or telephone interview with the participant.
Coronary-artery bypass grafting or percutaneous transluminal cor-
onary angioplasty was based on self-report; hospital records ob-
tained for a sample of half the men confirmed the self-report in 96
percent of the cases.

A death was considered due to myocardial infarction if confirmed
by hospital records or autopsy reports. In addition, the event was
recorded as a fatal myocardial infarction if coronary heart disease
was listed on the death certificate as the underlying cause of death
in the absence of another plausible cause, and if we obtained evi-
dence from hospital records or interviews with the next of kin that
the subject had been given a diagnosis of coronary heart disease
before the terminal event but after entry into the study. At no time
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did we use death-certificate classification alone to categorize a death
as due to coronary heart disease. Sudden death was defined as death
occurring within an hour of the onset of symptoms in a man with no
previous serious illness, for which no more plausible cause than
coronary heart disease could be found. For this analysis, sudden
cardiac death was included with fatal myocardial infarction. Fatal
strokes were classified as definite if they were verified by hospital
records or autopsy, or as probable if stroke was listed as the under-
lying cause on the death certificate. In this study, 81 percent of the
nonfatal and fatal myocardial infarctions and 55 percent of the
nonfatal and fatal strokes were classified as definite. In the primary
analysis, definite and probable coronary and cerebrovascular end
points were combined. For the present analysis, we considered only
cases of cardiovascular disease that occurred during the first two
years of follow-up — that is, between the return of the base-line
questionnaire and January 1, 1988.

Statistical Analysis

For each participant, person-months of follow-up were counted
from the date of the return of the 1986 questionnaire to January 1,
1988, or for those who had coronary heart disease or a stroke or who
died from another cause, up to the date of the event. Each par-
ticipant could contribute only one end point to the category of to-
tal coronary heart disease or total cardiovascular disease, the first
event being counted. However, the data for one subject could be
considered in more than one analysis of specific end points. Thus,
the number of cases in analyses of total cardiovascular events
was slightly smaller than the sum of the cases in analyses of specific
end points. We allocated person-months of follow-up according to
the 1986 exposure status and calculated incidence rates as the num-
ber of events divided by the person-time of follow-up. Incidence
rates were age-adjusted by direct standardization, with the use
of five-year age groups and the total cohort as the standard pop-
ulation.

Relative risks (incidence-rate ratios) were calculated as a meas-
ure of association by dividing the rate of disease among the exposed
(coffee-drinking) groups by the rate among those who were not
exposed.*! Age-adjusted relative risks were calculated after stratifi-
cation according to five-year age categories.*! In addition, relative
risks were adjusted for multiple variables simultaneously by means
of logistic regression analysis.*? The model contained terms for age
(in five-year age categories), quintiles of Quetelet’s index (weight in
kilograms divided by the square of the height in meters), smoking
habits (current smoker, classified according to the number of ciga-
rettes smoked per day; former smoker; or never smoked), history of
diabetes mellitus (yes or no), seven categories of alcohol use, paren-
tal history of myocardial infarction (in neither parent, in one or
both parents before 61 years of age, or in one or both after 60 years
of age), specific health profession of each subject, and quintiles of
dietary intake of energy, cholesterol, and saturated, polyunsatu-
rated, and monounsaturated fats. In an additional analysis, adjust-
ments were made for histories of hypertension (yes or no) and hy-
percholesterolemia (yes or no), which could mediate an effect of
coffee on cardiovascular disease.

To examine whether the effects of coffee drinking were modified
by age and smoking habits, age-adjusted relative risks were calcu-
lated separately for participants younger than 60 years of age and
those who were 60 or older. In addition, all analyses were repeated
after the exclusion of events occurring during the first year of fol-
low-up to address the possible effect of subclinical cardiovascular
symptoms on the dietary patterns, and when only definite events
were included.

REsuLTs

Among the 45,589 men free of diagnosed coronary
heart disease and cerebrovascular diseases at the start
of the study, 181 participants experienced a nonfatal
myocardial infarction, 136 underwent coronary-artery
surgery or angioplasty, and 54 had a stroke during
two years of follow-up. In addition, 40 men died of
myocardial infarction or sudden death. Table 1 pre-
sents the general characteristics, the prevalence of
cardiovascular-risk indicators, and the intake of fat
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Table 1. Characteristics of the Participants, According to Their
Consumption of Coffee.*

CAFFEINATED

DECAFFEINATED

Oct. 11, 1990

or total cardiovascular disease (Ta-
ble 2). As compared with the men
who consumed no coffee, the age-

TotalL Group  No COFFEE  ANY COFFEE CoFreet Correet adjusted relative risk of total car-

CHARACTERISTIC (N =45589) (N=7592) (N=37,997) (N = 31,679) (N = 23,215) diovascular disease among thOSC
Age yr) 54.5+0.04 52.1%0.11 55.0%0.05 54.1%0.08  56.6%0.13 who drank four or more cups per
Quetelet's index 25.5%0.02 25.240.04 25.6+0.02 25.7%0.03  25.2+0.04 day was 1.04 (95 percent confi-
Current smoker (%) 10 4 1 12 9 dence interval, 0.74 to 1.46). Some
History of hypertension (%) 20 17 21 20 22 suggestion of a trend for an increas-
Histoer’yni(;f(}g;)ercholesterol- 11 11 11 10 12 ing risk of having coronary-artery
Family history of CHD (%)§ 0.3 0.3 03 03 0.3 bypass grafting and coronary an-
Diabetes mellitus (%) 2.6 2.0 2.7 26 2.8 gioplasty with increasing consump-
Fat intake (g/day) tion of coffee was observed; how-
Total 70.4 68.1 70.9 72.2 70.1 ever, this was limited to an
Polywsaturated s B3 ome 1 56 association with decaffeinated cof-
Cholesterol intake (mg/day) 327.2 302.9 331.4 339.0 325.0 fee (see next paragraph). After ad-
Caffeine intake (mg/day) 236.7 52.6 268.6 312.3 211.1 justment for present and past

*All values are standardized according to the age distribution of the cohort. Plus-minus values are means *SEM.

1The use of caffeinated and the use of decaffeinated coffee are not mutually exclusive.
$Values are the weight in kilograms divided by the square of the height in meters.

§Subject’s father or mother had a myocardial infarction before the age of 61.
disease.

and caffeine according to coffee consumption. Of the
participants, 83 percent drank coffee, and 69 percent
reported the use of caffeinated coffee. Those who did
not drink coffee were slightly younger and leaner than
coffee consumers. Coffee consumers were more than
twice as likely to smoke as those who did not drink
coffee, but the proportion of smokers in the group as a
whole was only 10 percent. Other characteristics were
similar among the groups.

Total coffee consumption (caffeinated plus decaf-
feinated) was not associated with an increased risk of
nonfatal myocardial infarction and fatal coronary
heart disease, total coronary heart disease, stroke,

CHD denotes coronary heart

smoking habits, diabetes mellitus,
alcohol use, dietary intake of cho-
lesterol and saturated, monounsat-
urated, and polyunsaturated fat,
family history of coronary heart
disease, and profession, the relative
risk of total cardiovascular disease among those con-
suming four or more cups of coffee per day was 0.90
(95 percent confidence interval, 0.67 to 1.22). Those
with a total consumption of six or more cups of cof-
fee per day had a relative risk of total cardiovascular
disease of 0.65 (95 percent confidence interval, 0.31
to 1.35).

Men drinking caffeinated coffee had no increases in
the risk of cardiovascular disease with higher intakes
(Table 3). Rather, the estimates of relative risk were
below 1.0 for total coronary heart disease and total

» cardiovascular disease in those drinking four or more

cups of caffeinated coffee per day. There was a posi-

Table 2. Age-Standardized Incidence Rates and Relative Risks of Cardiovascular End Points, According to Total Coffee Consumption.

VARIABLE* Corree CONSUMPTION TREND
NONE <1 CUP/DAY 2-3 CUPS/DAY =4 CUPS/DAY
(N = 7592) (N = 13,048) (N = 16,009) (N = 8940) CcHIT P VALUE
Nonfatal myocardial infarction and fatal CHD
Incidence/10® person-yr (cases) 363 (34) 300 (63) 281 (75) 367 (49)
Age-adjusted relative riskt 1.0 0.83 0.76 1.03 0.14 0.89
Multivariate relative risk (95% CDi 1.0 0.60 (0.38-0.96) 0.98 (0.71-1.35) 1.08 (0.72-1.60)
CABG and PTCA
Incidence/10° person-yr (cases) 167 (16) 148 (32) 243 (62) 208 (26)
Age-adjusted relative riskt 1.0 0.85 1.45 1.28 2.44 0.01
Multivariate relative risk (95% CI)f 1.0 0.86 (0.50-1.46) 1.22 (0.82-1.81) 0.95 (0.56-1.61)
Total CHD
Incidence/10® person-yr (cases) 539 (50) 448 (95) 524 (137) 575 (75)
Age-adjusted relative riskt 1.0 0.84 0.98 1.15 1.01 0.31
Multivariate relative risk (95% Ch} 1.0 0.71 (0.50-1.01) 1.06 (0.83-1.36) 1.00 (0.73-1.37)
Fatal and nonfatal stroke
Incidence/10° person-yr (cases) 80 (8) 108 (23) 70 (18) 45 (5)
Age-adjusted relative riskt 1.0 1.28 0.83 0.50 -1.82 0.07
Multivariate relative risk (95% CI)t 1.0 0.58 (0.25-1.36) 0.68 (0.36-1.31) 0.48 (0.18-1.31)
Total cardiovascular disease
Incidence/10® person-yr (cases) 589 (57) 556 (118) 590 (154) 613 (79)
Age-adjusted relative riskt 1.0 0.93 0.99 1.04 1.35 0.18
Multivariate relative risk (95% CI)¥ 1.0 0.70 (0.51-0.97) 1.00 (0.79-1.26) 0.90 (0.67-1.22)

*CHD denotes coronary heart disease, CI confidence interval, CABG coronary-artery bypass g1

and PTCA p

| coronary angioplasty.

tA chi value of more than 1.96 denotes a P value of less than 0.05. The sign of the chi value indicates the dlrecuon of the trend.
tAdjusted for age (in five-year age categories), qumules of Quetelet’s index, smoking habits (current smoker [number of cigarettes smoked], former smoker, or never smoked), history of diabetes

dial inf

mellitus (yes or no), quintiles of alcohol use, p | history of

Y

q

1, and

q

d fat.

profession, and quintiles of dietary intake of energy, ch
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Table 3. Age-Standardized Incidence Rates and Relative Risks of Cardiovascular End Points, According to the Consumption of
Caffeinated Coffee.*

VARIABLE CAFFEINATED COFFEE TREND
NONE <| CUP/DAY 2-3 CUPS/DAY =4 CUPS/DAY
{N = 13,056) (N = 16,015) (N = 10,679) (N = 4986) cHrt P vaLuE
Nonfatal myocardial infarction and fatal CHD
Incidence/10° person-yr (cases) 339 (64) 275 (70) 326 (52) 337 (25)
Age-adjusted relative riskT 1.0 0.83 0.95 0.98 0.14 0.89
Multivariate relative risk (95% C% 1.0 0.83 (0.59-1.17) 0.97 (0.66—1.42) 1.01 (0.62-1.65)
CABG and PTCA
Incidence/10° person-yr (cases) 191 (37) 179 (46) 241 (38) 136 (10)
Age-adjusted relative riskt 1.0 0.85 1.24 0.74 0.13 0.90
Multivariate relative risk (95% Chf 1.0 0.85 (0.55-1.29) 1.20 (0.76-1.90) 0.66 (0.32-1.34)
Total CHD
Incidence/10° person-yr (cases) 533 (101) 454 (116) 568 (90) 471 (35)
Age-adjusted relative riskt 1.0 0.86 1.06 0.90 0.32 0.75
Multivariate relative risk (95% CI)i 1.0 0.84 (0.64-1.10) 1.04 (0.78-1.40) 0.84 (0.56-1.25)
Fatal and nonfatal stroke
Incidence/10° person-yr (cases) 95 (18) 79 (20) 70 (12) 36 (2)
Age-adjusted relative riskt 1.0 0.83 0.83 0.34 -1.39 0.16
Multivariate relative risk (95% CD} 1.0 0.67 (0.35-1.30) 0.71 (0.33-1.53) 0.28 (0.06-1.26)
Total cardiovascular disease
Incidence/10° person-yr (cases) 612 (116) 533 (136) 590 (102) 494 (36)
Age-adjusted relative riskt 1.0 0.88 0.99 0.82 -0.24 0.81
Multivariate relative risk (95% CD# 1.0 0.83 (0.65-1.07) 1.00 (0.79-1.26) 0.74 (0.50-1.09)

*Numbers are slightly smaller than for total coffee consumption because of missing data on consumption of specific type of coffee. CHD denotes coronary heart disease, CI confidence interval,
CABG coronary-artery bypass grafting, and PTCA percutaneous transluminal coronary angioplasty.

TA chi value of more than 1.96 denotes a P value of less than 0.05. The sign of the chi value indicates the direction of the trend.
$Adjusted for age (in five-year age categories), quintiles of Quetelet’s index, smoking habits (current smoker |

ber of ci

ked}, former smoker, or never smoked), history of diabetes

mellitus (yes or no), quintiles of alcohol use, parental history of myocardial infarction (none, one or both pmnts before 61 years of age, or one or both parents after 60 years of age), specific health

q

professnon and quintiles of dletary intake of energy, hol 1, and

and po

of decaffei d coffee th

P

tive trend, however, toward an association between
a higher consumption of decaffeinated coffee and
coronary-artery bypass grafting and coronary angio-
plasty, and there was a slight and marginally sig-
nificant increase in the risk of coronary heart dis-
ease and total cardiovascular disease with increased

gh the use of a common reference category of no coffee consumpuon

d fat. For the analysis of caffeinated-coffee use, adjustments were made for the

consumption (Table 4). Because fewer participants
drank decaffeinated than caffeinated coffee, the con-
fidence intervals for the estimates for decaffeinated
coffee were wider. Multivariate analysis changed the
risk estimates only slightly. No apparent association
was observed between the consumption of tea and

Table 4. Age-Standardized Incidence Rates and Relative Risks of Cardiovascular End Points, According to the Consumption of

Decaffeinated Coffee.*

VARIABLE DECAFFEINATED COFFEE TREND
NONE <I CUP/DAY 2-3 CUPS/DAY =4 CUPS/DAY
(N =21,111) (N = 16,865) (N = 4839) (N =1512) cHIt P vaLUE
Nonfatal myocardial infarction and fatal CHD
Incidence/10° person-yr (cases) 340 (100) 282 (76) 321 (26) 539 (12)
Age-adjusted relative riskt 1.0 0.83 0.94 1.54 0.37 0.71
Multivariate relative risk (95% CI)i 1.0 0.90 (0.66-1.22) 0.95 (0.61-1.48) 1.55 (0.85-2.81)
CABG and PTCA
Incidence/10° person-yr (cases) 167 (48) 228 (58) 227 (18) 348 (8)
Age-adjusted relative riskt 1.0 1.30 1.53 2.06 2.07 0.04
Multivariate relative risk (95% CDi 1.0 1.35 (0.92-1.97) 1.22 (0.70-2.10) 1.74 (0.81-3.73)
Total CHD
Incidence/10° person-yr (cases) 503 (148) 483 (134) 549 (44) 386 (20)
Age-adjusted relative riskt 1.0 0.98 1.08 1.71 1.55 0.12
Multivariate relative risk (95% Ch¥ 1.0 1.06 (0.84-1.35) 1.04 (0.74-1.47) 1.63 (1.02-2.60)
Fatal and nonfatal stroke
Incidence/10° person-yr (cases) 73 (21) 90 (24) 56 (4) 115 (2)
Age-adjusted relative riskt 1.0 1.23 0.71 1.20 —0.09 0.93
Multivariate relative risk (95% Ch¥ 1.0 1.31 (0.71-2.42) 0.86 (0.31-2.33) 1.16 (0.26-5.10)
Total cardiovascular disease
Incidence/10¢ person-yr (cases) 572 (167) 587 (158) 596 (47) 1002 (22)
Age-adjusted relative riskt 1.0 1.03 1.03 1.67 1.43 0.15
Multivariate relative risk (95% CI)f 1.0 1.10 (0.88-1.38) 1.01 (0.72-1.40) 1.58 (1.01-2.48)

*Numbers are slightly smaller than for total coffee consumption because of missing data on the consumption of specific types of coffee. CHD denotes coronary heart disease, CI confidence interval,
CABG coronary-artery bypass grafting, and PTCA inal coronary angioplasty.

tA chi value of more than 1.96 denotes a P value of less than 0.05. The sign of the chi value indicates the direction of the trend.

tAdjusted for age (in five-year age categories), quintiles of Quetelet’s index, smoking habits (current smoker |number of cigarettes smoked], former smoker, or never smoked), history of diabetes
mellitus (yes or no), quintiles of alcohol use, parental hxslory of myocardial infarction (none, one or both parents before 61 years of age, or one or both parents after 60 years of age), specific health
professmn and qumtlles of dlelary intake of energy, chc 1, and d d, and poly d fat. For the analysis of decaffeinated-coffee use, adjustments were made for the
of caffeil d coffee th h the use of a common reference category of no coffee consumption.

P
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the risk of any cardiovascular end point (data not
shown); however, only 664 men drank four or more
cups of tea per day.

Although histories of hypercholesterolemia and hy-
pertension were associated with an increased risk of
cardiovascular disease, they were not related to coffee
or caffeine intake; thus, the inclusion of these variables
in the multivariate model did not change the risk esti-
mates for coffee or caffeine intake. Similarly, including
categories of physical activity assessed on the base-
line questionnaire did not alter associations with cof-
fee consumption. The findings were also essentially
the same when we limited the analyses to definite end
points (relative risk of any coronary heart disease
among those drinking four or more cups of caffeinated
coffee per day, 0.89; 95 percent confidence interval,
0.57 to 1.40). The associations were not materially
altered when events occurring before January I, 1987,
were disregarded: the relative risks of any coronary
heart disease were 0.81 among those drinking four or
more cups of caffeinated coffee per day (95 percent
confidence interval, 0.48 to 1.36) and 1.7] among men
drinking four or more cups of decaffeinated coffee per
day (95 percent confidence interval, 0.95 to 3.06).

We also examined total caffeine intake and ob-
served no pattern of higher risk across categories of
increasing intake from all sources (Table 5). As indi-
cated in Figure 1, the relation of total coffee use to the
incidence of total cardiovascular disease was not
modified appreciably by age.

DiscussioN

Our findings among 45,589 men 40 to 75 years of
age, with more than 70,000 person-years of follow-up,
indicate that the use of caffeinated coffee and the total

Oct. 11, 1990
2000
—=— <60 years
-@- =60 years

Incidence (per 100,000 person-years)

0 L L L
<1 1-3 =4

Cups of Coffee per Day

Figure 1. Incidence Rates of Total Cardiovascular Disease, Ac-
cording to Coffee Consumption among Men Younger Than 60
and Those 60 or Older.

The error bars denote means +SEM.

intake of caffeine do not appreciably increase the risk
of coronary heart disease or stroke. By contrast, a high
consumption of decaffeinated coffee was associated
with a moderate and marginally significant increase in
risk of coronary heart disease.

Several previous reports suggesting an association
between coffee consumption and coronary heart dis-
ease stem from studies among hospitalized patients
and control subjects.?*%!32 [n these studies, it is diffi-
cult to exclude the possibility that reported coffee use
before hospitalization is subject to recall and selection
bias. The prospective design of the present study
greatly reduced the possibility of biased reporting of
coffee use or other characteristics because this infor-

Table 5. Age-Standardized Incidence Rates and Relative Risks of Cardiovascular End Points, According to the Consumption of

Caffeine.*
VARIABLE CAFFEINE CONSUMPTION (mg/day) TREND
0-74 75-148 149-285 286-491 492-1786 cHit P vaLUE
Nonfatal myocardial infarction and fatal CHD
Incidence/10° person-yr (cases) 315 (42) 344 (50) 275 (40) 325 (45) 326 (44)
Age-adjusted relative riskt 1.00 1.13 0.88 1.03 1.04 0.11 0.91
Multivariate relative risk (95% CD¥ 1.00 1.03 (0.68-1.56) 0.85 (0.55-1.31) 0.96 (0.62-1.48) 0.98 (0.63-1.53)
CABG and PTCA
Incidence/10° person-yr (cases) 139 (19) 210 (29) 236 (35) 166 (23) 230 (30)
Age-adjusted relative riskt 1.00 1.46 1.69 1.20 1.76 1.20 0.23
Multivariate relative risk (95% CDi 1.00 1.42 (0.81-2.49) 1.64 (0.94-2.84) 1.17 (0.64-2.14) 1.49 (0.82-2.71)
Total CHD
Incidence/10° person-yr (cases) 454 (61) 553 (79) 513 (75) 491 (68) 556 (74)
Age-adjusted relative riskt 1.00 1.23 1.14 1.08 1.23 0.83 0.41
Multivariate relative risk (95% CD)f 1.00 1.17 (0.84-1.63) 1.10 (0.78-1.54) 1.01 (0.71-1.43) 1.11 (0.78-1.57)
Fatal and nonfatal stroke
Incidence/10° person-yr (cases) 110 (15) 109 (15) 66 (10) 51 (7) 5@
Age-adjusted relative riskT 1.00 0.98 0.63 0.47 0.51 -2.16 0.03
Multivariate relative risk (95% CI)i 1.00 0.89 (0.43-1.85) 0.57 (0.25-1.30) 0.43 (0.17-1.09) 0.45 (0.18-1.16)
Total cardiovascular disease
Incidence/10° person-yr (cases) 556 (75) 647 (92) 579 (85) 542 (75) 603 (80)
Age-adjusted relative riskt 1.00 1.13 1.04 0.97 1.10 0.65 0.52
Multivariate relative risk (95% CDt 1.00 1.11 (0.82-1.51) 1.01 (0.74-1.38) 0.90 (0.65-1.25) 0.97 (0.70-1.35)

*CHD denotes coronary heart disease, CI confidence interval, CABG coronary-artery bypass grafting, and PTCA percutaneous transluminal coronary angioplasty.

tA chi value of more than 1.96 denotes a P value of less than 0.05. The sign of the chi value indicates the direction of the trend.

$Adjusted for age (in five-year age categories), quintiles of Quetelet's index, smoking habits (current smoker |number of cigarettes smoked], former smoker, or never smoked), history of diabetes
mellitus (yes or no), quintiles of alcohol use, parental history of myocardial infarction (none, one or both parents before 61 years of age, or one or both parents after 60 years of age), specific health

profession, and quintiles of dietary intake of energy, cholesterol, and saturated,
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mation was collected before the diagnosis of cardio-
vascular disease. Most other prospective studies have
not observed coffee intake to be associated with the
risk of fatal coronary heart disease.*®3%1213.151621 Qyr
data confirm these reports for total coffee consumption
and extend the findings to nonfatal coronary heart
disease and cerebrovascular disease.

In our analysis, drinking four or more cups of decaf-
feinated coffee per day was associated with a moderate
elevation in the risk of all cardiovascular end points
(multivariate relative risk, 1.58). This finding was un-
expected and requires further study. In a recent ran-
domized trial,*® the consumption of three to six cups
of decaffeinated coffee per day did raise the levels of
low-density lipoprotein cholesterol. For the time being
there seems to be little merit in switching from caffein-
ated coffee to decaffeinated coffee as a means of reduc-
ing the risks of cardiovascular disease.

A possible limitation of our data is the relatively
short follow-up period and the fact that the data on
coffee use refer to the patterns of consumption within
one to three years of the symptoms of coronary heart
disease or stroke. Several authors, however, have
suggested that the adverse effects of coffee on the
cardiovascular system may be particularly evident
within the four-year period before a cardiovascular
event.®! 142427 This hypothesis of a short-term effect
derives from the relatively consistent absence of cof-
fee-induced effects on cardiovascular disease in studies
in which the intake was assessed long before the coro-
nary events, and from the elevated risks reported in
several case—control studies. In a prospective study,
recent coffee-drinking habits appeared to be associat-
ed with a 2.5-fold increased risk of combined nonfatal
and fatal coronary heart disease; however, the study
included only 51 cases of coronary heart disease and
only 21 cases of myocardial infarction, and thus the
confidence intervals around the estimates of relative
risk were wide.'* All subjects in our study who report-
ed previous cardiovascular disease at the start of the
follow-up period were excluded from the analysis. We
further limited the possibility of an effect of existing
subclinical disease on coffee use by ignoring cardio-
vascular events that occurred in the first year of fol-
low-up; this analysis yielded results that were essen-
tially unchanged.

Confounding may have been a problem in the anal-
ysis of some previous prospective studies. Coffee
drinkers are more likely to smoke than those who do
not drink coffee,*® and they may have higher intakes of
total and saturated fat and cholesterol.** Adjustments
for the intake of fat and cholesterol did not materially
change our findings, however. Most cohorts of men
studied thus far included large proportions of smok-
ers. Since the rates of smoking among men have de-
creased markedly over the past decades, a measure of
smoking status at the start of a follow-up period a
decade or more long may not provide adequate control
for smoking as a confounding factor. In our study,
only 10.1 percent of the members of the cohort were
current smokers (Table 1), and the data on both
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smoking habits and coffee use refer to a period less
than three years before the event. As discussed by
Rosenberg et al., another concern is the possibility
that risk estimates in some of the previous reports
have been overadjusted when variables that may in-
fluence the effect of coffee on cardiovascular disease,
such as blood pressure and serum lipid levels, were
included in the multivariate models.' In our study,
we analyzed the data both with and without the inclu-
sion of these variables, with no appreciable change in
the results.

The present study provides data from a very large
cohort. The findings indicate that a substantial ad-
verse effect of coffee use on the incidence of cardiovas-
cular disease is unlikely. There remains the possibility
of a threshold effect of coffee for its effect on the heart
and the vessels; a very high coffee consumption may
increase individual risk.?*17% In the Western Electric
Company Study, mortality from coronary heart dis-
ease was increased in those drinking more than six
cups per day when compared with all others.!” In
the Western Electric cohort, however, coffee-drinking
habits appear to have been somewhat atypical, since
only 68 participants (3.5 percent) reported no intake
of coffee. In a recent report from a Scandinavian study
of middle-aged men, drinking nine cups of coffee per
day or more was associated with a risk of myocardial
infarction 2.2 times that of drinking less than one
cup.” Only 2.9 percent of men in the Health Profes-
sionals Follow-up Study drank six or more cups of
coffee per day. Even for this group, however, the rela-
tive risk of cardiovascular disease was not increased.
A second restriction of our data is that no women were
included in the cohort. Although there is little previ-
ous evidence to suggest a different association between
coffee and cardiovascular risk among women as com-
pared with men, the findings may not apply to women.
In a recent case—control study in women, a nonsignifi-
cant increase in the risk of nonfatal myocardial infarc-
tion (relative risk, 1.72; confidence interval, 0.92 to
3.23) was noted in women who drank more than three
cups of coffee per day relative to women who never
drank coffee.? As indicated by the low prevalence of
cigarette smoking and relatively low intake of dietary
cholesterol, the population of health professionals in
our study is not strictly representative of men as a
whole in the United States. However, we have no rea-
son to believe that the effect of coffee consumption
on the incidence of cardiovascular disease would be
substantially different in this relatively low risk popu-
lation.

In summary, our data support the conclusion that
caffeinated coffee as it is currently consumed by men
in the United States causes no substantial increase in
the risk of coronary heart disease or stroke.

We are indebted to participants in the Health Professionals Fol-
low-up Study for their continuing cooperation; to Drs. Alberto As-
cherio, Chris Chute, Jim Shaw, and Chester Douglas for advice and
support of the study; and to Walkyria Paes de Almeida, Karen
Corsano, Mark Shneyder, Steven Stuart, Betsy Frost, Mitzi Wolfe,
and Mary Johnson for expert help.
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