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Abstract

Objective— To examine the effects of non-alcoholic beverage and caffeine consumption on all-
cause mortality in older adults.

Methods— The Leisure World Cohort Study is a prospective study of residents of a California
retirement community. A baseline postal health survey included details on coffee, tea, milk, soft
drink, and chocolate consumption. Participants were followed for 23 years (1981-2004). Risk ratios
(RRs) of death were calculated using Cox regression for 8644 women and 4980 men (median age at
entry, 74 years) and adjusted for age, gender and multiple potential confounders.

Results— Caffeine consumption exhibited a U-shaped mortality curve. Moderate caffeine
consumers had a significantly reduced risk of death (multivariable-adjusted RR=0.94, 95% CI: 0.90,
0.99 for 100-199 mg/day and RR=0.90, 95% CI: 0.85, 0.94 for 200-399 mg/day compared with
those consuming <50 mg/day). Individuals who drank more than 1 can/week of artificially sweetened
(but not sugar-sweetened) soft drink (cola and other) had a 8% increased risk (95% CI: 1.01-1.16).
Neither milk nor tea had a significant effect on mortality after multivariable adjustment.

Conclusions— Moderate caffeine consumption appeared beneficial in risking risk of death.
Attenuation in the observed associations between mortality and intake of tea and milk with adjustment
for potential confounders suggests that such consumption identifies those with other mortality-
associated lifestyle and health risks. The increased death risk with consumption of artificially
sweetened, but not sugar-sweetened, soft drinks suggests an effect of the sweetener rather than other
components of the soft drinks, although residual confounding remains a possibility.
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INTRODUCTION

Coffee, tea and soft drinks are the major sources of caffeine in the diets of US adults, with
coffee being the primary and most potent source [Knight 2004,Frary 2005]. In cohort studies
of younger (< 60 years old) adults, coffee has shown a reduced risk of death with moderate
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(1-4 cups/day) drinking [Woodward 1999,Kleemola 2000,Jazbec 2003]. However, studies in
older adults and those including other sources of caffeine are limited.

Coffee and tea contain many different chemical compounds and no certainty exists as to which
ones may be associated with disease risk. In addition to caffeine, coffee contains chlorogenic
and caffeic acids that may have antioxidant properties [Kleemola 2000]. Likewise, tea contains
antioxidant flavonoids [Mukamal 2002]. Antioxidants may reduce mortality by decreasing the
incidence of cardiovascular disease [Steinberg 2002], cancer [van Poppel 1997] and dementia
[Deschamps 2001].

In 1981 we undertook a prospective cohort study of nearly 14000 elderly men and women with
the aim of studying factors, especially modifiable lifestyle practices, associated with longevity
and successful aging. We report here the results of non-alcoholic beverage consumption intake
on all-cause mortality.

The Leisure World Cohort Study was established in the early 1980s when 13978 (8877 female
and 5101 male) residents of a California retirement community (Leisure World Laguna Hills)
completed a postal health survey. The population and the cohort are mostly Caucasian, well-
educated, and upper-middle class. The baseline health survey asked demographic information
(birth date, sex, height, weight); brief medical history (high blood pressure, angina, heart attack,
stroke, diabetes, rheumatoid arthritis, fractures after age 40, cancer, gallbladder surgery,
glaucoma, cataract surgery); medication use (hypertensive medication, digitalis,
nonprescription pain medication); personal habits (cigarette smoking, exercise, alcohol); food
and beverage intake (chocolate, coffee, tea, milk, soft drinks).

Estimation of Intake

Participants were asked “How many cups or glasses per DAY do you drink of the following —
milk, decaffeinated coffee, coffee, black or green tea? and “How many cans or glasses per
WEEK do you drink of the following — cola beverages with sugar, other soft drinks with sugar,
cola beverages artificially sweetened, other soft drinks artificially sweetened?” Response
choices were none, lessthan 1, 1, 2-3, 4-5, >6. Also asked was intake of “CHOCOLATE (milk
chocolate, fudge, M & M’s, Tootsie Rolls, chocolate covered centers, chocolate topping,
chocolate cake, chocolate pie, hot chocolate, chocolate milk)". Response choices were rarely
or never, a few times per year, about monthly, a few times a month, a few times per week, daily
or almost daily.

We estimated the caffeine content (mg/standard unit) of each beverage category and chocolate
as 115, 3, 50, 50, 6 for regular coffee, decaffeinated coffee, tea, cola soft drinks, chocolate,
respectively [Brown 2001]. Daily cola soft drink intake was derived by dividing the weekly
intake by 7. Total daily intake of caffeine was calculated by multiplying the servings/day of
each caffeine source by its estimated caffeine content and then summing for all sources.

Determination of Outcome

Cohort members have been followed by periodic resurvey, review of local hospital discharge
data, and determination of vital status by search of death indexes and ascertainment of death
certificates. Participants were followed to death or December, 31, 2004, whichever came first.
Forty-two cohort members were lost to follow-up. Previous reports present details of data
collection [Paganini-Hill 1986,1991,1993b,2001].
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Statistical Analysis

Age- and sex-adjusted risk ratios (RRs) and 95% confidence intervals (Cls) for each beverage,
chocolate and caffeine were obtained using Cox regression analysis [Cox 1972]. For these Cox
models, chronological age was used as the fundamental time scale, age at death was the event
of interest, and delayed entry was used with baseline age as the age of entry. To control for
potential confounding factors previously found to be related to mortality in this cohort, we
adjusted in the regression analyses for age at entry (continuous), sex, smoking (never, past,
current), alcohol intake (0, <1, 2-3, 4+ drinks/day), exercise (0, %4, ¥, ¥2~1%, 2+ hour/day),
body mass index (<18.5 (underweight), 18.5-24.9 (normal), 25-29.9 (overweight), 30+ kg/
m? (obese)), and seven separate histories (no, yes) of hypertension, angina, heart attack, stroke,
diabetes, rheumatoid arthritis, and cancer. Statistical analyses were performed using SAS®
version 9.1 (SAS Institute Inc., Cary, NC). No adjustment in the p-values was made for multiple
comparisons.

Several additional analyses were performed. To account for the possibility that recent disease
development may have altered beverage intakes as well as be related to mortality, we repeated
the analyses excluding the first five years of follow-up. We also repeated the analyses excluding
persons with major disease (hypertension, angina, heart attack, stroke, diabetes, rheumatoid
arthritis, cancer) at baseline. Since caffeine consumption was related to age, we checked for a
cohort effect by stratifying on age (<75 and 75+ years). In addition, we examined risk of death
among tea drinkers in cohort members reporting cardiovascular disease at baseline.

This study was approved by the Institutional Review Boards of the University of Southern
California and the University of California, Irvine.

After excluding 233 women and 121 men with missing information on the variables of interest
or potential confounding variables, data on 8644 women and 4980 men were analyzed. At
study entry, the participants ranged in age from 44 to 101 years (median, 74 years). By
December 31, 2004, 11386 had died at ages 59 to 110 years (median, 87 years).

Table 1 presents selected characteristics of the participants by sex, coffee and tea consumption.
About 90% of the cohort drank coffee (60% regular, 62% decaffeinated coffee) and 50% drank
tea. Over two-thirds of the cohort drank less than one can of soft drink per week or not at all.
Just over 15% ate chocolate a few times a week or more frequently. Caffeine consumption was
significantly related to age and sex in our cohort. Median age decreased with increasing caffeine
consumption: 75, 74, 74, 73, and 71 years for <50, 50-99, 100-199, 200-399, 400+ mg/day.
A greater proportion of men than women consumed caffeine (62% vs 58%).

Tables 2 shows the age- and sex-adjusted and multivariable-adjusted RRs of mortality for
beverages, chocolate and caffeine intake. In the age- and sex-adjusted models, Individuals who
drank a moderate amount (<1 to 3 cups/day) of regular coffee had 5-10% lower risk of death
compared with nondrinkers of regular coffee. Similarly, those who drank 1 or less than 1 cup/
day of decaffeinated coffee or of tea had a 6-9% reduced risk of death compared with
nondrinkers. Those who drank 1 or less than 1 can/week of cola with sugar had an 8% lower
risk of death compared with nondrinkers, while those who drank more than 1 can/week of
artificially sweetened (cola or other soft drink) had a 11-24% higher risk. Infrequent chocolate
consumers (a few times/month or less frequently) also had a decreased death risk. Total caffeine
consumption exhibited a U-shaped mortality curve. Moderate caffeine consumers (100-399
mg/day) had significantly reduced risks of all-cause mortality compared with those consuming
<50 mg/day. Those drinking some but less than 1 glass/day of milk also exhibited decreased
mortality.
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Adjustment for potential confounders had little effect on the observed RRs for caffeine
consumption but reduced any significant effect on mortality observed for milk, black or green
tea. Those who drank 4+ cups of decaffeinated coffee had significantly reduced mortality
compared with nondrinkers. However, intake of regular coffee and decaffeinated coffee were
inversely related (r=—0.31). Among nondrinkers of regular coffee, intake of decaffeinated
coffee was unrelated to risk of death. Individuals who drank more than 1 can/week of artificially
sweetened soft drink (cola or other) had a 8% increased risk (95% CI: 1.01-1.16).

Neither exclusion of the first five years of follow-up (including 1864 early deaths) nor exclusion
of 8013 individuals with histories of hypertension, angina, heart attack, stroke, diabetes,
rheumatoid arthritis, or cancer substantially changed the findings for caffeine consumption or
artificially sweetened soft drinks (Table 3). The multivariable-adjusted risk estimates changed
by less than 4% and remained statistically significant.

Analyses stratified by age showed RRs similar to those for the cohort as a whole. For 50-99,
100-199, 200-399 and 400 mg/day of caffeine compared with <50 mg/day, the multivariable-
RRs (95% CI) were 1.03 (0.94-1.12), 0.94 (0.87-1.02), 0.92 (0.85-0.99), and 0.96 (0.86-1.06)
for those less than 75 years old at baseline and 0.96 (0.88-1.04), 0.93 (0.87-1.00), 0.89 (0.82—
0.95), and 0.96 (0.86-1.08) for those 75 or older.

Analyses limited to 6946 subjects with cardiovascular disease (hypertension, angina, heart
attack, stroke, or diabetes) showed a small reduction in risk of death among tea drinkers. RRs
(95% CI) were 0.94 (0.89-1.01), 0.92 (0.86-0.99), and 0.96 (0.88-1.04) for <1, 1 and 2+ cups/
day compared with nondrinkers. After multivariable-adjustment, the RR for 1 cup/day was no
longer significantly decreased (RR=0.93, 95% CI: 0.87-1.00)

DISCUSSION

Among adults aged 65 years and older, over 90% consume caffeine, with females consuming
an average of 188 mg/day and males 217 mg/day [Frary 2005]. In our cohort, the average daily
caffeine intake was 168 mg in females and 176 mg in males. We observed a clear U-shaped
mortality curve for total caffeine consumption with moderate consumers (100-399 mg/day)
having a significantly reduced risk and heavy drinkers (400+ mg/day) having the same risk
compared with those consuming <50 mg/day.

Like studies in younger subjects in which coffee exhibited a beneficial trend on mortality with
moderate drinking [Woodward 1999,Kleemola 2000,Jazbec 2003] but an increased risk with
high (5+ cups/day) intake [Woodward 1999,Kleemola 2000], we observed a U-shaped
mortality response with regular coffee consumption in our older cohort. In another cohort which
included older individuals (40-79 years), Japanese men who consumed 2+ cups/day of coffee
had a lower mortality risk (RR=0.43) compared with those who consumed less than % cup/
day; for those who consumed %2-1 cup/day risk was 0.70 [Iwai 2002]. No statistically significant
effect was seen in women. In contrast, other studies have found no association of coffee
consumption and mortality [Dawber 1974,Yano 1977,Heyden 1978,Klatsky 1993,Jazbec
2003,Mukamal 2004] or a small increased risk [Lindsted 1992].

While some prospective cohort studies have found lower mortality among moderate and heavy
tea drinkers than among those who drank no tea [Mukamal 2002,Nakachi 2003], others have
seen no significant effect [Klatsky 1993,Woodward 1999,lwai 2002,Stensvold 1992]. In a
Japanese cohort of 8852 individuals followed for 13 years, increased consumption of green tea
was associated with higher ages at death [Nakachi 2003]. Tea consumption may have the
strongest benefit in persons with cardiovascular disease. In individuals without baseline disease
in the Kaiser Permanente cohort, risk of mortality was reduced 2% for each cup of tea (p=.04)
[Klatsky 1993]. In the male Health Professionals Follow-up Study, the inverse association
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between flavonoid intake (main source being tea) and risk of death from coronary heart disease
was limited to men who had previously had cardiovascular disease but was not statistically
significant [Rimm 1996]. In a cohort of 1900 US patients hospitalized with acute myocardial
infarction, tea consumption was associated with lower mortality (RR=0.69 for moderate (<14
cups/week) drinkers and RR=0.61 for heavy drinkers (14+ cups/week) compared with
nondrinkers) [Mukamal 2002]. We found that the significantly decreased association between
tea and mortality in our cohort was attenuated and no longer significant after mulitvariable
adjustment. The perception of tea as a healthful beverage might cause some health conscious
persons to choose tea or for some ill persons to switch from coffee to tea.

Few studies have reported on the relationship of soft drink intake and mortality. Caffeinated
cola consumption was not associated with death among 1902 patients hospitalized for acute
myocardial infarction and followed for 3.8 years [Mukamal 2004]. In the Nurses’ Health
Studies sugared and diet cola beverages were associated with increased risks of hypertension
[Winkelmayer 2005] and diabetes [Schulze 2004]. While the consumption of caffeine from
soft drinks is increasing [Frary 2005], in our elderly population this was a minor source of
caffeine. We found mortality was increased in consumers of artificially sweetened soft drinks
(colas and others) but not with sugar-sweetened drinks. Although artificially-sweetened soft
drinks may be consumed by more diabetics and overweight individuals and thereby indirectly
related to mortality, the association remained significant after adjusting for these and other
confounding factors. The increased death risk with consumption of artificially sweetened, but
not sugar-sweetened, soft drinks suggests an effect of the sweetener rather than other
components of the soft drinks. However, residual confounding remains an alternative
explanation.

Coffee, tea and soft drink intake habits might be identifying groups of people with different
lifestyles. In our study, non-coffee drinking subjects had higher prevalences of several diseases
than coffee drinkers (Table 1). Some may have stopped drinking coffee because of their
underlying diseases. We did not ask about history of coffee drinking and, therefore, cannot
answer this question. However, exclusion of the first five years of follow-up did not appreciably
change the mortality and caffeine association. In two studies [Murray 1981,Jacobsen 1986]
and inwomen in a third [lwai 2002], the increased mortality among those with no or low coffee
consumption was limited to the first few years of follow-up. A study of potential confounders
contributing to the reported associations of caffeine with disease found that of 32 risk factors
only sex and cigarette smoking were important confounders [Schreiber 1988b]. Others have
found coffee and tea consumption related to each other and to smoking, alcohol, body mass
index, exercise, high blood pressure, diabetes mellitus, heart attack, and soft drink consumption
[Murray 1981,Jacobsen 1986,Lindsted 1992,Stensvold 1992,Klatsky 1993,Woodward

1999, lwai 2002,Kleemola 2002,Mukamal 2002, Mukamal 2004]. In our study, neither
adjustment for these and other confounders including age and sex nor stratification by age
materially changed the lower risk seen for coffee or caffeine drinkers.

Measurement error may explain some of the discrepancies in studies of caffeine and mortality
[Schreiber 1988a,Schreiber 1988b,Brown 2001]. Some studies are limited to coffee intake and
do not include caffeine from tea and soft drinks. Others have not separated caffeinated from
decaffeinated coffee. We, like many others, did not ask consumption on weekdays separately
from weekends, the size of the containers, the methods of brewing coffee, or variations with
the season or over time. As we asked subjects to report their consumption of black or green
tea, we may have misclassified subjects who predominantly drank decaffeinated teas. Although
we included soft drinks in our questionnaire, we did not ask about other beverage sources of
caffeine including caffeinated fruit juices/drinks and bottled water or caffeine-containing
medications, such as analgesics. The combined caffeine contribution from these other sources
in the general population is small: <1% for the beverages in Americans [Knight 2004] and
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1.7% and 3.2% for medications in Canadian males and females aged 60—75 years [Brown
2001].

The beneficial effect of coffee and caffeine on mortality may be due to the antioxidant
properties of chlorogenic and caffeic acids in coffee [Kleemola 2000]. Antioxidants may
prevent oxidation of low density lipoproteins which occur in atherosclerotic plaques in the
cardiovascular system. Caffeine may also increase an individual's awareness of hypoglycemia
and thus may be useful for the early identification of diabetes [Watson 1999]. This increased
sensitivity to hyperglycemia may be mediated through the combined effects of reducing
substrate delivery to the brain via constriction of the cerebral arteries and increasing brain
glucose metabolism and augmenting catecholamine production. In addition, coffee
consumption has been inversely related with blood pressure and indices of liver enzymes [Iwai
2002].

Our investigation is an observational study, not a randomized trial, with the possibility that
unrecognized confounders or bias account for the observed results. In general populations,
health-promoting habits often cluster resulting in two extreme groups. For example, individuals
who drink coffee may differ from those who do not drink coffee in their smoking, exercise
habits and medical history. They may also differ from nondrinkers in unmeasured ways that
influence longevity. Although differences between drinkers and nondrinkers of coffee, tea, soft
drinks, and milk in this study are not great and adjusting for other risk and potentially
confounding factors did not change the observed RRs for caffeine, uncontrolled confounding
cannot be ruled out.

Our data on beverage consumption and potential confounders were self-reported using a mailed
questionnaire. Previous studies in our population and others support the reliability of recall
medical history of major chronic disease. In the Leisure World community agreement between
self-report and physician/hospital record was 96% for diabetes, 90% for hypertension, 80%
for cancer [Paganini-Hill 1982,1993]. The self-reports of heart attack were less accurate;
however, the false positives generally included other cardiovascular disease. Although we
assigned one caffeine value to each category of beverage and chocolate, the true caffeine
content varies within a category due to both manufacturer and preparation method. The subjects
in our study were also healthier and better educated than the general population. In addition,
changes over time in all potential risk factors may affect our outcomes.

CONCLUSIONS

Results in this large elderly cohort with long follow-up showing a U-shaped association of
caffeine Intake (from coffee, tea, soft drinks, and chocolate) suggest a beneficial effect of
moderate consumption. Individuals drinking 100-399 mg/day had the lowest risk. Those
consuming more than 1 can/week of artificially-sweetened soft drinks had a small increased
risk of death.

Acknowledgements

Funding sources: the National Institutes of Health (RO1CA32197 and RO1AG21055), the Earl Carroll Trust Fund, the
Al and Trish Nichols Chair in Clinical Neuroscience, and Wyeth-Ayerst Laboratories.

References

1. Brown J, Kreiger N, Darlington GA, Sloan M. Missclassification of exposure: coffee as a surrogate
for caffeine intake. Am J Epidemiol 2001;153:815-820. [PubMed: 11296156]

2. Cox DR. Regression models and life tables (with discussion). J R Stat Soc B 1972;34:187-220.

Prev Med. Author manuscript; available in PMC 2008 April 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Paganini-Hill et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Page 7

. Dawber TR, Kannel WB, Gordon T. Coffee and cardiovascular disease. Observations from the

Framingham study. N Engl J Med 1974;291:871-874. [PubMed: 4412497]

. Deschamps V, Barberger-Gateau P, Peuchant E, Orgogozo JM. Nutritional factors in cerebral aging

and dementia: epidemiological arguments for a role of oxidative stress. Neuroepidemiology
2001;20:7-15. [PubMed: 11174040]

. Frary CD, Johnson RK, Wang MQ. Food sources and intakes of caffeine in the diets of persons in the

United States. J Am Diet Assoc 2005;105:110-113. [PubMed: 15635355]

. Heyden S, Tyroler HA, Heiss G, Hames CG, Bartel A. Coffee consumption and mortality Total

mortality, stroke mortality, and coronary heart disease mortality. Arch Intern Med 1978;138:1472—
1475. [PubMed: 708166]

. Iwai N, Ohshiro H, Kurozawa Y, Hosoda T, Morita H, Funakawa K, Okamoto M, Nose T. Relationship

between coffee and green tea consumption and all-cause mortality in a cohort of a rural Japanese
population. J Epidemiol 2002;12:191-198. [PubMed: 12164320]

. Jacobsen BK, Bjelke E, Kvale G, Heuch I. Coffee drinking, mortality, and cancer incidence: results

from a Norwegian prospective study. J Natl Cancer Inst 1986;76:823-831. [PubMed: 3457969]

. Jazbec A, Simic D, Corovic N, Durakovic Z, Pavlovic M. Impact of coffee and other selected factors

on general mortality and mortality due to cardiovascular disease in Croatia. J Health Popul Nutr
2003;21:332-40. [PubMed: 15038588]

. Klatsky AL, Armstrong MA, Friedman GD. Coffee, tea, and mortality. Ann Epidemiol 1993;3:375-
381. [PubMed: 8275213]

Kleemola P, Jousilahti P, Pietinen P, Vartianen E, Tuomilehto J. Coffee consumption and the risk of
coronary heart disease and death. Arch Intern Med 2000;160:3393-3400. [PubMed: 11112231]
Knight CA, Knight I, Mitchell DC, Zepp JE. Beverage caffeine intake in US consumers and
subpopulations of interest: estimates from the Share of Intake Panel survey. Food Chem Toxicol
2004;42:1923-1930. [PubMed: 15500929]

Lindsted KD, Kuzma JW, Anderson JL. Coffee consumption and cause-specific mortality.
Association with age at death and compression of mortality. J Clin Epidemiol 1992;45:733-742.
[PubMed: 1619453]

Mukamal KJ, Maclure M, Muller JE, Sherwood JB, Mittleman MA. Tea consumption and mortality
after acute myocardial infraction. Circulation 2002;105:2476-2481. [PubMed: 12034652]
Mukamal KJ, Maclure M, Muller JE, Sherwood JB, Mittleman MA. Caffeinated coffee consumption
and mortality after acute myocardial infraction. Am Heart J 2004;147:999-1004. [PubMed:
15199347]

Murray SS, Bjelke E, Gibson RW, Schuman LM. Coffee consumption and mortality from ischemic
heart disease and other causes: results from the Lutheran Brotherhood study, 1966-1978. Am J
Epidemiol 1981;113:661-667. [PubMed: 7234854]

Nakachi K, Eguchi H, Imai K. Can teatime increase one’s lifetime? Ageing Research Rev 2003;2:1-
10. [PubMed: 12437992]

Paganini-Hill A. Risk factors for Parkinson’s Disease: the Leisure World Cohort Study.
Neuroepidemiology 2001;20:118-124. [PubMed: 11359079]

Paganini-Hill A, Chao A. Accuracy of recall of hip fracture, heart attack, and cancer: a comparison
of postal survey data and medical records. Am J Epidemiol 1993a;138:101-106. [PubMed: 8342528]
Paganini-Hill A, Chao A, Ross RK, Henderson BE. Exercise and other factors in the prevention of
hip fracture: The Leisure World Study. Epidemiology 1991;2:16-25. [PubMed: 2021661]
Paganini-Hill A, Hsu G, Chao A, Ross RK. Comparison of early and late respondents to a postal
health survey questionnaire. Epidemiology 1993b;4:375-379. [PubMed: 8347749]

Paganini-Hill A, Ross RK. Reliability of recall of drug usage and other health-related information.
Am J Epidemiol 1982;116:114-122. [PubMed: 7102647]

Paganini-Hill A, Ross RK, Henderson BE. Prevalence of chronic disease and health practices in a
retirement community. J Chronic Dis 1986;39:699-707. [PubMed: 3734024]

Rimm EB, Katan MB, Ascherio A, Stampfer MJ, Willett WC. Relation between intake of flavonoids
and risk for coronary heart disease in male health professionals. Ann Intern Med 1996;125:384-399.
[PubMed: 8702089]

Prev Med. Author manuscript; available in PMC 2008 April 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Paganini-Hill et al.

25.

26.

Page 8

Schreiber GB, Maffeo CE, Robins M, Masters MN, Bond AP. Measurement of coffee and caffeine
intake: Implications for epidemiologic research. Prev Med 1988;17:280-294. [PubMed: 3405985]
Schreiber GB, Robins M, Maffeo CE, Masters MN, Bond AP, Morganstein D. Confounders
contributing to the reported associations of coffee or caffeine with disease. Prev Med 1988;17:295—
309. [PubMed: 3405986]

27. Steinberg D, Witztum JL. Is the oxidative modification hypothesis relevant to human atherosclerosis?

Do the antioxidant trials conducted to date refute the hypothesis? Circulation 2002;105:2107-2111.
[PubMed: 11980692]

28. Schulze MB, Manson JE, Ludwig DS, Colditz GA, Stampfer MJ, Willet WC, Hu FB. Sugar-sweetened

29.

30.

31.

32.

33.

34.

beverages, weight gain, and incidence of type 2 diabetes in young and middle-aged women. JAMA
2004;292:927-934. [PubMed: 15328324]

Stensvold I, Tverdal A, Solvoll K, Foss OP. Tea consumption. Relationship to cholesterol, blood
pressure, and coronary and total mortaltiy. Prev Med 1992;21:546-553. [PubMed: 1409496]

van Poppel G, van den Berg H. Vitamins and cancer. Cancer Letters 1997;114:195-202. [PubMed:
9103291]

Watson J, Kerr D. The best defense against hypoglygemia is to recgonize it: is caffeine useful?
Diabetes Technol Ther 1999;1:193-200. [PubMed: 11475292]

Winkelmayer WC, Stampfer MJ, Willet WC, Curhan GC. Habitual caffeine intake and the risk of
hypertension in women. JAMA 2005;294:2330-2335. [PubMed: 16278361]

Woodward M, Tunstall-Pedoe H. Coffee and tea consumption in the Scottish Heart Health Study
follow up: conflicting relations with coronary risk factors, coronary disease, and all cause mortality.
J Epidemiol Community Health 1999;53:481-487. [PubMed: 10562866]

Yano K, Rhoads GG, Kagan A. Coffee, alcohol, and risk of coronary heart disease among Jap anese
men living in Hawaii. N Engl J Med 1977;297:405-409. [PubMed: 882109]

Prev Med. Author manuscript; available in PMC 2008 April 1.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Paganini-Hill et al.

Table 1

Characteristics of the Leisure World Cohort at baseline

Page 9

Sex Regular coffee drinker
Male Female No Yes
Number 4980 8644 5502 8122
Mean + Standard deviation
Age at baseline (years) 743+7.2 73.2+74 742+73 732+7.3
Age at last follow-up (years) 85.6 +6.9 87570 86.9+7.0 86.7+7.0
Follow-up years 11.2+6.8 143+6.8 12.7+6.9 13.5+6.9
Body mass index (kg/m?) 242+29 23.1+35 23.3+33 23.6+3.3
Exercise (hrs/day) 11+13 09+11 10+11 10+12
Caffeine (mg/day) 177 £172 168 + 165 42 £58 259 + 162
Per cent

Alive 11 20 14 18
Female sex 0 100 66 62
History of disease

High blood pressure 36 41 41 38

Angina 15 9.5 13 9.9

Heart attack 16 6.6 12 8.9

Stroke 7.1 3.7 5.7 4.4

Cancer 9.3 13 12 11

Diabetes 8.2 49 6.4 6.0

Rheumatoid arthritis 4.4 6.7 6.0 59
Cigarette use

Never 33 55 52 44

Past 58 33 41 43

Current 9 12 7 13
Alcohol drinker 78 72 67 80
Regular coffee drinker 63 58 0 100
Decaffeinated coffee drinker 61 62 72 55
Black or green tea drinker 46 53 49 51
Soft drinks (> 1/week) 37 28 29 33
Chocolate (> few times/week) 17 16 16 17
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Table 2
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Number of subjects

Number of deaths

Model 1: RR (95% ClI)

Model 2: RR (95% CI)

Regular coffee (cups/day)

None 5502
<1 1476
1 2473
2-3 3301
4+ 872
Decaffeinated coffee (cups/day)
None 5238
<1 1697
1 3040
2-3 3000
4+ 649
Black or green tea (cups/day)
None 6777
<1 3023
1 2273
2+ 1551
Cola with sugar (cans/week)
None 11552
<1 1599
>1 473
Cola artificially sweetened (cans/week)
None 10968
<1 2067
>1 589
Other soft drinks with sugar (cans/week)
None 11122
<1 2129
>1 373
Other soft drinks artificially sweetened (cans/week)
None 10583
<1 2478
>1 563
Chocolate
None 4034
Few times/ 7338
year to few times/
month
Few times/ 2252
week to daily
Caffeine (mg/day)
<50 3756
50-99 1943
100-199 3328
200-399 3390
400+ 1207
Milk (glasses/day)
None 3320
<1 3445
1 4342
2+ 2517

4733
1207
2087
2674

685

4382
1387
2583
2505

529

5720
2473
1906
1287

9712
1289
385

9343
1595
448

9302
1780
304

9014
1942
430

3473
6033

1880

3237
1649
2782
2760

958

2773
2818
3649
2146

1.00 (reference)
0.90 (0.84-0.96)
0.95 (0.90-1.00)
0.90 (0.86-0.94)
1.01 (0.93-1.09)

1.00 (reference)
0.91 (0.85-0.96)
0.94 (0.89-0.99)
0.97 (0.92-1.02)
0.93 (0.85-1.02)

1.00 (reference)
0.94 (0.90-0.99)
0.94 (0.89-0.99)
0.98 (0.92-1.04)

1.00 (reference)
0.92 (0.86-0.97)
1.00 (0.90-1.11)

1.00 (reference)
1.01 (0.95-1.06)
1.24 (1.12-1.36)

1.00 (reference)
0.97 (0.92-1.03)
1.00 (0.89-1.12)

1.00 (reference)
0.98 (0.93-1.03)
1.11 (1.01-1.23)

1.00 (reference)
0.91 (0.87-0.95)

0.97 (0.92-1.03)

1.00 (reference)
0.98 (0.92-1.04)
0.94 (0.89-0.99)
0.91 (0.86-0.96)
1.00 (0.93-1.08)

1.00 (reference)
0.92 (0.87-0.97)
0.97 (0.92-1.02)
1.03 (0.97-1.09)

1.00 (reference)
0.90 (0.85-0.96)
0.96 (0.91-1.01)
0.89 (0.85-0.94)
0.94 (0.87-1.02)

1.00 (reference)
0.94 (0.89-1.00)
0.95 (0.91-1.00)
0.97 (0.93-1.02)
0.90 (0.82-0.99)

1.00 (reference)
0.97 (0.93-1.02)
0.96 (0.91-1.01)
0.98 (0.92-1.04)

1.00 (reference)
0.95 (0.89-1.01)
1.02 (0.92-1.13)

1.00 (reference)
0.98 (0.93-1.03)
1.18 (1.07-1.30)

1.00 (reference)
1.00 (0.95-1.05)
1.03 (0.92-1.16)

1.00 (reference)
0.96 (0.92-1.02)
1.07 (0.97-1.19)

1.00 (reference)
0.94 (0.90-0.98)

0.98 (0.93-1.04)

1.00 (reference)
0.99 (0.93-1.05)
0.94 (0.89-0.99)
0.90 (0.85-0.94)
0.96 (0.89-1.03)

1.00 (reference)
0.95 (0.90-1.00)
1.01 (0.96-1.06)
1.04 (0.98-1.10)

Model 1: adjusted for age and sex.

Model 2: adjusted for age, sex, smoking, exercise, body mass index, alcohol intake and histories of hypertension, angina, heart attack, stroke, diabetes,

rheumatoid arthritis, and cancer.
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Table 3
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Number of subjects

Number of deaths

Model 1: RR (95% CI)

Model 2: RR (95% CI)

Excluding first five years of follow-up
Caffeine (mg/day)

<50 3195
50-99 1649
100-199 2852
200-399 2996
400+ 1068
Artificially sweetened soft drinks (cans/weeks)
None 8417
<1 2130
>1 1213

Excluding those reporting major chronic disease at baseline

Caffeine (mg/day)

<50 1459
50-99 767
100-199 1298
200-399 1480
400+ 607
Artificially sweetened soft drinks (cans/weeks)
None 4180
<1 937
>1 494

2676
1355
2306
2366

819

6999
1618
905

1165
611
1000
1097
441

3304
663
347

1.00 (reference)
0.96 (0.90-1.03)
0.92 (0.87-0.98)
0.92 (0.87-0.97)
1.00 (0.92-1.08)

1.00 (reference)
0.98 (0.93-1.04)
1.16 (1.08-1.24)

1.00 (reference)
1.00 (0.90-1.10)
0.92 (0.84-1.00)
0.91 (0.84-0.99)
1.08 (0.97-1.21)

1.00 (reference)
0.99 (0.91-1.07)
1.12 (1.00-1.25)

1.00 (reference)
0.97 (0.90-1.03)
0.92 (0.87-0.97)
0.90 (0.85-0.95)
0.95 (0.88-1.03)

1.00 (reference)
0.96 (0.91-1.01)
1.11 (1.03-1.19)

1.00 (reference)
1.01 (0.92-1.12)
0.92 (0.85-1.00)
0.88 (0.81-0.96)
0.99 (0.89-1.11)

1.00 (reference)
0.97 (0.89-1.06)
1.12 (1.00-1.25)

Model 1: adjusted for age and sex.

Model 2: adjusted for age, sex, smoking, exercise, body mass index, alcohol intake and, in analyses excluding first five years of follow-up, histories of

hypertension, angina, heart attack, stroke, diabetes, rheumatoid arthritis, and cancer.
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