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Abstract

Coffee consumption has been shown to be associated with various health outcomes, but no comprehensive review and meta-analysis of the
association between coffee consumption and total mortality has been conducted. To quantitatively assess this association, we conducted a
meta-analysis of prospective cohort studies. Eligible studies were identified by searching the PubMed and EMBASE databases for all articles
published through June 2013 and reviewing the reference lists of the retrieved articles. Pooled relative risks (RR) with 95% CI were
calculated using a random-effects model. We identified twenty studies of coffee consumption and total mortality, including 129 538
cases of deaths among the 973904 participants. The RR of total mortality for the high ». low category of coffee consumption was 0-86
5% CI 0:80, 0-92). The pooled RR for studies using =2-4 cups/d as a cut-off for the high category was similar to that for studies
using =5-9 cups/d as the cut-off. By geographical region, the inverse association tended to be stronger for the eight studies conducted
in Europe (RR 0-78, 95% CI 0-70, 0:88) and three studies carried out in Japan (RR 0-82, 95% CI 0-73, 0-92) than for the nine studies
conducted in the USA (RR 092, 95% CI 0-84, 1-00). The inverse association was similar for men (RR 0-81, 95% CI 0-73, 0-90) and
women (RR 0-84, 95% CI 0-79, 0-89). A weak, but significant, inverse association was found with moderate coffee consumption (1-2
cups/d; RR 092, 95% CI 0-87, 0-98). High decaffeinated coffee consumption was also found to be associated with a lower risk of
death, but the data are limited. Our findings indicate that coffee consumption is associated with a reduced risk of total mortality.
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diseases'® and some types of cancers'’”’, which are major
causes of death. In addition, there has been suggestive
evidence of a lower risk of suicides®, Parkinson’s disease,

Alzheimer's disease'” and gallstones""'? among coffee

Coffee is one of the most popular beverages consumed
worldwide, and it has been part of the human diet for centu-
ries. Coffee is the primary dietary source of caffeine in many
populations and contains hundreds of bioactive compounds

besides caffeine”
sumption, even small effects on health could have a large
impact on public health. Coffee has for long been considered
unhealthful in that caffeine acutely increases blood pressure®
and serum homocysteine  and inhibits insulin
activity™, and coffee diterpene cafestol in unfiltered coffee
“_ Despite the acute effects
of coffee, adverse health outcomes of coffee consumption
in the long term have not been found. A growing body of
evidence has shown that habitual coffee consumption is

. Due to the high prevalence of coffee con-

levels

increases serum cholesterol levels

associated with a decreased risk of type 2 diabetes™, heart

drinkers. Overall, habitual coffee drinkers appear to develop
tolerance to the acute effects of caffeine and may experience
the beneficial effects of other compounds of coffee
(e.g. phenolic compounds) that protect against oxidative
damage™® A9 and have anticarci-
nogenic properties

Many epidemiological studies have suggested that coffee
consumption decreases the incidence of chronic diseases,
but the association of coffee consumption with all-cause
mortality has been less investigated. Due to the strong anti-
oxidant properties of coffee components, long-term coffee

, improve insulin sensitivity
as

Abbreviations: HPFS, Health Professionals Follow-up Study; NHS, Nurses’ Health Study; RR, relative risk.
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consumption may help delay disease progression and thus
prolong people’s lifespan. Although several prospective
cohort studies have been conducted to determine the associ-
ation between coffee consumption and total mortality1®=3>,
to our knowledge no comprehensive review and meta-
analysis of such studies has been conducted. To elucidate
the long-term effects of coffee consumption on mortality
and quantitatively assess the association at different levels
of coffee consumption, we systematically conducted a meta-
analysis of prospective cohort studies.

Methods
Literature search and selection

To identify relevant studies, we carried out a literature search
for all articles published (including those ahead of publi-
cation) through June 2013 using the PubMed and EMBASE
databases, with the following terms: ‘(coffee, caffeine, bev-
erages, dietary factors or risk factors) combined with (total
mortality, all-cause mortality, death or survival)’. Furthermore,
we reviewed the reference lists of original and review articles
to search for additional eligible studies. Only those that were
published as full-length articles and published in English were

considered. Studies were eligible for inclusion in the present
meta-analysis if (1) they had a prospective design, (2) the
exposure of interest was coffee consumption, (3) the outcome
of interest was defined as total or all-cause mortality and (4)
relative risks (RR) with 95% CI (or data to calculate these)
reported. Since important
confounder of the relationship between coffee consumption

were smoking is the most
and mortality, we included studies that provided risk estimates
adjusted for smoking status. Among the eligible studies, one
study reported risk estimates for only males®®>, while another
study carried out in the same cohort reported risk estimates for
both men and women combined®| so we included only the
latter study in the meta-analysis. We directly contacted authors
for the full text of papers when they were not avail-
able®213 A flow diagram of the study selection process is
shown in Supplementary Fig. 1 (available online).

Data extraction

Data were extracted independently by two investigators (Y. J.
and E. G.) according to the Meta-analysis of Observational
Studies in Epidemiology guidelines(%) , and any discrepancies
were resolved by reviewing the original reports and holding

Study RR 95% Cl
Kahn et al. 1) : —— 122 1:09,1-37
Jacobsen et al. '7) —— 0-84 0-74, 0-95
Vandenbroucke et al. (18 : 2 1-10 0-65, 1-85
LeGrady et al. 19) e 109 083,143
Rosengren & Wilhelmsen (20 2 : 0-60 0-35, 1-04
Klatsky et al. 21) — 0-88 0-76, 1-02
Woodward & Tunstall-Pedoe 22 — 078 0-61, 0-99
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Kleemola et al. 2% — i 062 051,077
Iwai et al. 29 : 056  0-32,0-97
Jazbec et al. %) — 070  0-55, 0:91
Andersen et al. 26) e 087  0.76,1:00
Happonen et al. (27) - 0-78 0-48, 1-27
Paganini-Hill et al. (28 i—o— 0-94 0-87, 1-02
Lopez-Garcia et al. (2%) NHS . 0-83 0-73, 0-95
Lopez-Garcia et al. (2°0) HPFS —— 0-80 0-62, 1-04
Sugiyama et al. 39 — 0-86 0-72, 1-01
de Koning Gans et al. 3 — e 0-93 0-76, 1-14
Tamakoshi et al. (32 —— 0-82 0-71,0-95
Freedman et al. 33 - 0-88  0-84,093
Gardener et al. 3% — = 0-66  0-45,0-97
Overall (/2=68-7 %, P=0-000) @ 0-86  0-80, 0-92
Note: Weights are from random-effectls analysis I i I I

0-2 0-5 1 2 3

RR

Fig. 1. Forest plot of the prospective cohort studies of total mortality for high v. low/no coffee consumption. A total of thirteen studies('”~23:26:27:292.6:31.33) ;564 =59
cups/d as a cut-off for the highest category and seven studies!8:2425.28:30.32.34) ;saq =24 cups/d as a cut-off for the highest category. RR, relative risk; NHS, Nurses’
Health Study; HPFS, Health Professionals Follow-up Study. (A colour version of this figure can be found online at http://www.journals.cambridge.org/bjn).


https://doi.org/10.1017/S0007114513003814

o

British Journal of Nutrition

1164 Y. Je and E. Giovannucci

further discussions. We counted one report® as two prospec-

tive studies, as it provided separate RR from two large US
cohorts, the Nurses” Health Study (NHS)®* and the Health
Professionals Follow-up Study (HPFS)®™. For each study,
the following information was extracted: first author’s last
name; year of publication; geographical region; follow-up
period; number of cases; number of subjects or person-time;
adjustment factors; RR and 95% CI for association between
various levels of coffee consumption and total mortality. For
studies that did not provide 95% CI, but provided the
number of cases and subjects across coffee consumption
categories, we used the latter information to calculate the
standard error of the crude RR and then approximate CI for
the reported adjusted RRUO171922 For those reporting several
RR for this association, we used the RR that reflected the great-
est degree of adjustment for potentially confounding variables.

Statistical analyses

To estimate pooled RR of total mortality for the highest v.
lowest category of coffee consumption, the natural logarithm
of the RR from each study was combined using the DerSimo-
nian and Laird random-effects models, which incorporate both
within-study and between-study variations®”. If the original
studies had not used the lowest category as a reference, the
RR and its 95% CI were recalculated relative to the lowest cat-
egory, as has been done previously in a meta-analysis of
coffee consumption and CHD'. Since each study used differ-
ent levels of coffee consumption as a cut-off for the highest
category, we conducted a stratified meta-analysis by cut-offs
for the highest coffee consumption categories of 5-9 cups/d
(n 13 studies)(17725'26’27’293’“31’33) and 2-4 cups/d (n 7
studies)10:24:25:2830.3239 g 4150 conducted a separate meta-
analysis to determine whether moderate coffee consumption
(1-2 cups/d) is associated with a low risk of death (7 12
studies)(16:22:24.25.27-3032-34) long-term
health benefits of consuming coffee not containing caffeine,
we identified prospective studies that provided data on
decaffeinated coffee consumption and total mortality and
conducted a small meta-analysis2®-2%294b:39)

The RR from each study as well as a pooled RR are pre-
sented as forest plots, where the size of data markers (squares)
corresponds to the inverse of the variance of the natural log-
arithm of RR from each study and the diamond indicates a
pooled RR. Statistical heterogeneity among the studies
included in the meta-analysis was assessed using the Cochran
Q statistic®® and inconsistency was quantified with the 77 stat-
istics (100% X (Q — dD/Q)®. To examine the variations in
risk estimates by study characteristics, we conducted sub-

To examine the

group analyses by sex (men/women), geographical region
(USA/Europe/Japan) and follow-up time (=14 years or >14
years; median follow-up time). As a way of assessing the
quality of the prospective cohort studies included in the
meta-analysis, we examined whether the studies had adjusted
for important confounders such as age, sex, smoking status,
alcohol consumption and BMI and calculated pooled RR
for studies with strong or weak adjustment separately.
To test for variations in the pooled RR of the subgroups,

we conducted a meta-regression analysis with the log (RR)
modelled as a dependent variable and study variables mod-
elled as explanatory variables. In addition, we carried out
sensitivity analyses excluding one study at a time to determine
whether the results were driven by a single study.

We examined dose—response relationships based on
(16,19.21-24.20-3D ¢ provided data on at least three
levels of coffee consumption including the reference category,
number of cases and participants or person-time, and effect
estimates, using the method developed by Greenland and
Longnecker“o’z‘z{ We used the two-stage generalised least-
squares trend estimation method to estimate the study-specific
slope lines first and then derive an overall average slope?.
We assessed for potential non-linearity between coffee con-
sumption and risk of death by adding a quadratic term of
coffee consumption to the model. A P value for non-linearity
was calculated by testing the null hypothesis that the coeffi-
cient of the quadratic term is equal to 0, as has been done

studies

previously in a meta-analysis of coffee consumption and
the risk of endometrial cancer™. Finally, publication bias
was evaluated through visual inspection of a funnel plot
(i.e. a plot of study results against precision) as well as Begg
& Mazumdars“®® and Egger et al’s™® tests. A two-tailed
P<0-05 was considered to be statistically significant. All the
statistical analyses were carried out using the Stata/SE

version 12.0 software (Stata Corporation).

Results
Study characteristics

We identified a total of twenty prospective cohort studies
including 973904 participants and 129538 deaths that met
the inclusion criteria of the present meta—analysis(l(”%). The
main characteristics of the studies included in the meta-anal-
ysis are summarised in Table 1. All the studies were prospec-
tive cohort studies with follow-up periods of 7-1-28 years
with a median follow-up time of 14-1 years. The study subjects
were all adults (age =20 years) at baseline. Of the twenty
prospective studies, nine studies were conducted in the
USAU6:19.21262829ab.3330  aiohy in Europe(l7:18:20:22:23,25,273D
in Japan@*3%32_ All the studies, except
, included both male and female participants,
but only ten studies reported separate death outcomes for
men and women#2272>29ab.3032.39 11 addition to smoking

status, most of the studies adjusted for potential confounders
(182021,24.26.28-39) 4 paiy

and three

four(17-19.20.26)

such as alcohol consumption
(kg/m2>(18,20,2 1,22,26—-34)

Pooled relative risk for high v. low coffee consumption

The multivariable-adjusted RR for each study and all
(16-39 combined for the high v. low category of
coffee consumption are shown in Fig. 1. Under the random-
effects model, the pooled RR of total mortality for all studies
combined was 0-86 (95% CI 0-80, 0-92; P<0:001). The
pooled RR for studies using 2—4 cups/d as a cut-off for the

studies
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Table 1. Characteristics of the prospective studies included in the present meta-analysis

(Relative risks (RR) and 95 % confidence intervals)

Age at Study size Men Women
Follow-up baseline
Study Country period* (years) Subjects (n) Deaths (n) Coffee category RR 95% Cl RR 95% ClI Adjustment for covariates
Kahn et al.('® USA 196080 =30 20969 5654 <1 cup/d (ref) 1.00 (reference) Age, sex, smoking history, history
21) 1-2 cups/d 1.16t 1.07,1.26 of heart disease, stroke,
=3 cups/d 1.22t 1.09, 1-37 hypertension, diabetes or
cancer, and age at initial
exposure to the Adventist
Church
Jacobsen Norway 1967-78 =35 13664 M 2583 M =2 cups/d (reference) 1-00 (reference) Age, cigarette smoking and
etal"” (11-5) =7 cups/d 0-84t 074, 0-95 residence
Vandenbrouck The 1953-82 40-65 1583 M 842 M 0 cups/d (reference) 1-00 (reference) 1-00 (reference) Age, sex, BMI, cigarette, pipe
et al.1® Netherlands (25) 1508 F 473 F =5 cups/d 1.42 0.94,2:15 083 0-52, 1-30 or cigar smoking, alcohol
intake, living parents, serum
cholesterol level and systolic
blood pressure
LeGrady USA 1959-78 40-56 1910 M 452 M 0—1 cups/d (reference) 1-00 (reference) Age, diastolic blood pressure,
et al!® (19) 2-3 cups/d 0-751 0-57, 0-99 serum cholesterol level and
4-5 cups/d 0-841 0-64, 1-10 smoking status
=6 cups/d 1.09t 0-83, 1:43
Rosengren & Sweden 1974-83 51-59 6765 M 478 M 0 cups/d (reference) 1-00 (reference) Age, BMI, smoking status,
Wilhelm- 71) =9 cups/d 0-6 0-3,09 registration for alcohol abuse,
sen®9 systolic blood pressure,
diabetes, family history of MI,
mental stress, physical activity
and occupational class
Klatsky et al®"  USA 1978-88 128934 4501 0 cups/d (reference) 1.00 (reference) Age, sex, BMI, smoking status,
<1 cup/d 0-96 0-85, 1-07 alcohol intake, race, education
1-3 cups/d 0-94 0-86, 1-02 and marital status
4-6 cups/d 093 0-83, 1-04
>6 cups/d 0-88 0-76, 1-02
Woodward & Scotland 1984-93 40-59 5645 M 372 M 0 cups/d (reference) 1-00 (reference) 1-00 (reference) Age, sex, BMI, smoking status,
Tunstall- (7-7) 1-2 cups/d 0-74t 0-58, 0-95 0-92t 0-66, 1-28 housing tenure, activity at
Pedoe®? 3-4 cups/d 074t 056,098  0.77t 051, 1-19 work and leisure, Bortner
=5 cups/d 0-77t 0-58, 1-02 0-79t 0-53, 1-17 score, cotinine level, systolic
blood pressure, levels
of fibrinogen, total cholesterol,
HDL-cholesterol and TAG,
alcohol intake, vitamin C level
and tea consumption
Kleemola Finland 1972-86 30-59 10075 M 1201 M <1 cup/d 1.58 1.20, 2-07 112 0-69, 1-83 Age, sex, smoking status, serum
et al® (10) 10387 F 444 F 1-3 cups/d (reference) 1.00 (reference) 1.00 (reference) cholesterol level, blood
4-7 cups/d 0.97 0-82, 1-14 0-79 0-63, 1-01 pressure and history of Ml
>7 cups/d 1.01 0-84, 1.22 0-62 0-44, 0-87
Iwai et al.?% Japan 1989-99 40-79 1404 M 246 M <0-5 cups/d 1-00 (reference) 1-00 (reference) Age, sex, smoking status and
9:9) (reference) alcohol intake (only men),
1451 F 115 F 0-5—1 cups/d 0-70 0-52, 0-94 0-70 0-45, 1-09 history of selected diseases,
=2 cups/d 0-43 0-30, 0-63 0-76 0-45, 1.27 physical activity and education
Jazbec et al.® Croatia 1972-1999 35-59 1561 M 568 M Never (reference) 1.00 (reference) 1-00 (reference) Age, sex, smoking status,
1776 F 382 F Sometimes 0-82 0-65, 1-03 0-89 0-65, 1-21 diastolic blood pressure,
Regularly 1-2 cups/d 0-78 0-61, 0-98 0-63 0-46, 0-86 stomach ulcer, feeling
>2 cups/d 0-73 0-53, 1-00 0-66 0-43, 1-02 of well-being and region
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Table 1. Continued

Age at Study size Men Women
Follow-up baseline
Study Country period* (years) Subjects (n) Deaths (n) Coffee category RR 95% ClI RR 95% Cl Adjustment for covariates
Andersen USA 1986-2001 55-69 27312 F 4265 F 0 cups/d (reference) 1.00 (reference) Age, smoking status, intake
et al.®® (15) <1 cup/d 091 0-80, 1.04 of alcohol, BMI, waist:hip ratio,
1-3 cups/d 0-85 0-76, 0-94 education, physical activity,
4-5 cups/d 0-81 0-72, 0-91 use of oestrogens, use of
=6 cups/d 0-87 0-76, 1-00 multivitamin supplements,
energy intake, and intakes
of whole and refined grain,
red meat, fish, seafood,
and total fruit and vegetables
Happonen Finland 1991-2005 70-94 311 M 623 None 0-98 0-67,1-42 Age, sex, BMI, smoking status,
et al.®?? (14-5) 506 F 1-2 cups/d (reference) 1.00 (reference) calendar period, marital status,
3-4 cups/d 096 0-77,1-18 educational level, previous
5-6 cups/d 0-90 0-70,1-15 occupational group, history
=7 cups/d 0-76 0-50, 1-15 of MI, presence of diabetes
mellitus, cognitive impairment,
physical disability and
self-rated health
Paganini-Hill USA 1981-2004 =44 4980 M 11386 None (reference) 1-00 (reference) Age, sex, smoking status,
et al.®® 8644 F <1 cup/d 0-90 0-85, 0-96 exercise, BMI, alcohol intake,
1 cup/d 096 0-91, 1.01 and histories of hypertension,
2-3 cups/d 0-89 0-85,0-94 angina, heart attack, stroke,
=4 cups/d 0-94 0-87,1-02 diabetes rheumatoid arthritis
and cancer
Lopez-Garcia USA 1980-2004 34-59 86214 F 11095 F <1 cup/month 1.00 (reference) Age, sex, BMI, smoking status,
et al.®% (24) (reference) alcohol intake, physical
Nurses’ 1 cup/month—4 0-98 0-91, 1-05 activity, parental history
Health Study cups/week of MI, menopausal status,
5-7 cups/week 0-93 0-87, 0-98 use of hormone therapy,
2-3 cups/d 0-82 0-77, 0-87 multivitamin use, vitamin E
4-5 cups/d 0-74 0-68, 0-81 supplement use, total energy
=6 cups/d 0-83 0-73, 0-95 intake, quintiles of
polyunsaturated fat, saturated
fat, fish n-3, and trans-fat
intake, glycaemic load and
folate intake
Lopez-Garcia USA 1986-2004 40-75 41736 M 6888 M <1 cup/month 1-00 (reference) Age, sex, BMI, smoking status,
et al.®%®) (18) (reference) alcohol intake, physical
Health 1 cup/month—4 1.07 0-99, 1-16 activity, parental history of M,
Pro- cups/week multivitamin use, vitamin E
fessionals 5-7 cups/week 1.02 0.95, 1-11 supplement use, total energy
Follow-up 2-3 cups/d 0-97 0-89, 1-05 intake, quintiles of
Study 4—5cups/d 0-93 0-81,1-07 polyunsaturated fat,
=6 cups/d 0-80 0-62, 1-04 saturated fat, fish n-3, and
trans-fat intake, glycaemic
load and folate intake
Sugiyama Japan (Miyagi 1990-2001 40-64 18287 M 1647 M Never (reference) 1-00 (reference) 1-00 (reference) Age, sex, BMI, smoking status,
et al.®® Cohort (10-3) 19455 F 807 F Occasionally 0-96 0-83,1-10  0-88 0-73,1-06 alcohol intake, past history
Study) 1-2 cups/d 0-91 0-78, 1-06 0-82 0-66, 1-02 of hypertension and diabetes,
=3 cups/d 0-89 0-74,1-08 0-75 0-53, 1-05 education, walking time,
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Table 1. Continued

Age at Study size Men Women
Follow-up baseline
Study Country period* (years) Subjects (n) Deaths (n) Coffee category RR 95% ClI RR 95% ClI Adjustment for covariates
de Koning The Nether- 1993-2006 20-69 37514 1405 <1 cup/d (reference) 1-00 (reference) Age, sex, smoking status,
Gans lands (13) 1-3 cups/d 093 0-79, 1-09 alcohol intake, education,
et al.®) 3.1-6 cups/d 089 0.77,1.04 physical activity, waist
>6 cups/d 0-93 0-76,1-15 circumference, menopausal
status, tea consumption,
intakes of total energy,
saturated fat and fibre, and
vitamin C level
Tamakoshi Japan 1988-2006 40-79 46465 M 11178 M <1 cup/d (reference) 1-00 (reference) 1-00 (reference) Age, sex, BMI, smoking status,
et al.®? (16) 64327 F 8354 F 1 cup/d 0-95 0-89,1.01  0-82 076, 0-89 alcohol intake, walking hours,
2-3 cups/d 0-86 0-81, 0-93 0-83 075, 0-91 sleep duration, consumption
=4 cups/d 0-80 0-68, 0-95 0-89 0-66, 1-20 of green-leafy vegetables and
green tea, education, stress,
marital status, and past history
of cancer, Ml or stroke
Freedman USA 1995-2008 50-71 229119 M 33731 M No coffee (reference) 1-00 (reference) 1-00 (reference) Age, sex, BMI, smoking status,
et al® (13-6) 173141 F 18784 F <1 cup/d 0-99 0-95, 1.04 1.01 0-96, 1.07 alcohol intake, race, education, @)
1 cup/d 0-94 0-90, 0-99 0-95 0-90, 1-01 health status, diabetes, 9,,
2-3 cups/d 0-90 0-86, 0-93 0-87 0-83, 0-92 marital status, physical activity, :(%ﬁ
4-5 cups/d 0-88 0-84, 0-93 0-84 0-79, 0-90 total energy intake, o
=6 cups/d 0-90 0-85, 0-96 0-85 0-78, 0-93 consumption of fruit, g
vegetables, red meat, white @
c
meat, and saturated fat, =]
use of vitamin supplements °
and PMH use o
Gardener USA 1993-2012 Mean 68-3 2461 (886 M, 863 1 cup/month 1-00 (reference) Age, sex, BMI, race, education, B
et al.®¥ (11) 1575 F) (reference) pack-years of smoking, =
1 cup/month—4 0-86 0-67,1-09 alcohol consumption, o
cups/week intakes of energy, protein, o)
5-7 cups/week 0-81 066, 0-98 carbohydrates, total fat and g
2-3 cups/d 0-74 0-58, 0-95 saturated fat, history of =
=4 cups/d 0-66 0-45, 0-97 vascular risk factors, and Q
consumption of other =
non-water beverages and 5

coffee additives (milk, cream,
and non-dairy creamer)

M, male; F, female; MI, myocardial infarction; PMH, postmenopausal hormone.
*Mean or median duration of follow-up in parentheses (years).
1 Standard errors were calculated based on the data.
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high category was similar to that for studies using 5-9 cups/d
as the cut-off (P for category difference=0-63; Table 2).

By geographical region, the inverse association tended to be
stronger for the eight studies carried out in Europe (RR 0-78,
95% CI 0-70, 0-88) and three studies conducted in Japan (RR
0:82, 95% CI 0-73, 0-92) than for the nine studies carried out
in the USA (RR 092, 95% CI 0-84, 1-00) (P for Europe or
Japan v. USA=0-06 and 0-24, respectively; Fig. 2). The inverse
association was similar for men (RR 0-81, 95% CI 0-73, 0-90)
and women (RR 0:84, 95% CI 0-79-0-89) (P for men
v. women=0:96; Table 2).

For the duration of follow-up, we used a median follow-up
time of 14 years as a cut-off. The studies with short follow-up
durations (=14 years) tended to exhibit a stronger inverse
association between coffee consumption and total mortality
(RR 0-82, 95% CI 0-76, 0-89) compared with those with long
follow-up durations (>14 years) (RR 091, 95% CI 0-82,
1-01) (P for short v. long follow-up duration=0-11). When lim-
ited to thirteen studies that had adjusted for at least age, sex,
smoking status, alcohol consumption and BMI, the pooled
RR was slightly attenuated to 0-88 (95% CI 0-85, 0-91), but
the inverse association remained significant, and no significant
difference by adjustment factor was found (P for strong v.
weak confounder adjustment=0-93). The additional analysis
limited to studies that had adjusted for health status including
history of some diseases, blood pressure or serum cholesterol
levels at baseline showed a pooled RR of 0-85 (95% CI 0-77,
0-92), which remained similar to that in the main analysis
(data not shown).

There was evidence of some heterogeneity among all
the cohort studies (P for heterogeneity<0-001; 1% = 687 %).
After excluding one study that showed the strongest
positive(]é) association, the significant heterogeneity decre-
ased (P=0-05; I?=37-9%). By geographical region, there
was no significant heterogeneity among the studies conducted
in Europe (P=012; [°=384%) or Japan (P=034;
I* = 6:4%), but there was some evidence of heterogeneity
among the studies conducted in the USA (P<0-001;
I? = 77:0%). The earliest study carried out by Kahn et al'®
seemed to explain most of the heterogeneity found in the
studies conducted in the USA. After the exclusion of the
Kahn ef al. ' study, the pooled RR for studies carried out in
the USA was 0-89 (95% CI 0-85, 0-93) and the heterogeneity
disappeared (P=0-31; I* = 14-8%).

Pooled relative risk for moderate v. low coffee
consumption

The multivariable-adjusted RR for each study and twelve

ok o > :
(16,22,24,25,27-30,32-3D  .ombined for moderate coffee

studies
(1-2 cups/d) v. low coffee consumption are shown in Fig. 3.
The pooled RR was 092 (95% CI 0-87, 0-98), which was
weaker than the pooled RR for high v. low coffee consump-
tion, but the inverse association was statistically significant.
Compared with men (RR 0:92, 95% CI 0-86, 0-98), women
tended to have a lower risk of death (RR 0-87, 95% CI 0-80,
0-94), but no significant difference by sex was found (P for

men v. women=0-48). The results of subgroup analyses for

moderate v. low coffee consumption were similar to those
of the analyses for high v. low coffee consumption, although
the strength of the associations in each stratum was slightly
weaker.

Dose-response meta-analysis

A total of sixteen studies were included for the dose—
response meta-analysis of coffee consumption and risk of
death1019:21-24.26-30 e pooled RR for a 1 cup/d increment
of coffee consumption was 0-96 (95 % CI 0-94, 0-97; P<0-001),
which was similar for men (RR 0-94, 95% CI 0-91, 0:97) and
women (RR 0-95, 95% CI 0-94, 0-97) (data not shown). How-
ever, we found some evidence of a non-linear association
between coffee consumption and total mortality (P for
non-linearity<<0-001), which supports the findings that high
coffee consumption (=5-9 cups/d) is not associated with a
further reduced risk of death compared with moderately
high coffee consumption (=2-4 cups/d).

Decaffeinated coffee consumption and total mortality

In Supplementary Table 1 (available online), six studies that
examined the association between decaffeinated coffee con-
sumption and total mortality are listed out?®2$29ab:33.3D
Since one study that showed an inverse association provided
a forest plot without a risk estimate, only five studies were
included for a small meta-analysis of decaffeinated coffee con-
sumption and mortality@®?%24b39 The pooled RR for high
decaffeinated coffee consumption (=2-4 cups/d) v. no
coffee consumption was 0-86 (95% CI 0-80, 0:92; P<0-001)
with no heterogeneity (P=0-51; I?=0%) (Supplementary
Fig. 2, available online).

Publication bias

There was no indication of publication bias in the literature for
the analyses of total mortality and high coffee consumption
(Begg’s P=0-10; Egger’s P=0-14; Supplementary Fig. 3, avail-
able online) or moderate coffee consumption (Begg’s P=0-12;
Egger’s P=0-23).

Discussion

To quantitatively assess the association between coffee con-
sumption and total mortality, we conducted a meta-analysis
of twenty prospective cohort studies, consisting of 129538
cases of death among the 973904 participants. The results
support a significant inverse association between coffee
consumption and risk of death. Overall, the risk of death
decreased by 14 % for high (median of the highest categories:
5-6 cups/d) v. no or low (mostly less than 1 cup/d) coffee
consumption. The reduced risk of death was similar for par-
ticipants who drank =2-4 cups of coffee per d and those
who drank =5-9 cups/d. Even consumption of one or two
cups of coffee daily was associated with a lower risk of
death (reduced by 8%). Similar inverse associations were
found for men and women, and limited data also suggested
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Table 2. Summary of pooled relative risks (RR) of total mortality for high v. low/no coffee consumption

(Relative risks and 95 % confidence intervals)

Study No. of studies RR 95 % Cl P for difference
All the studies 20 0-86 0-80, 0-92
Cut-off for the highest coffee consumption category
5-9 cups/d 13 0-85 0-80, 0-92 0-63
2-4 cups/d 7 0-86 0-73, 1-00
Geographical region of study
USA 9 0-92 0-84, 1-00
Europe 8 0-78 0-70, 0-88 0-06*
Japan 3 0-82 0-73, 0-92 0-24t
Sex
Men 12 0-81 0-73, 0-90 0-96
Women 10 0-84 0-79, 0-89
Follow-up timet
>14 years 10 0-91 0-81, 1-01 0-11
= 14 years 10 0-82 0-76, 0-89
Adjustment for confounding factors§
Strong adjustment 13 0-88 0-85, 0-91 0-93
Weak adjustment 7 0-83 0-66, 1-04

* P value difference in RR for studies carried out in Europe v. the USA.
1 P value difference in RR for studies carried out in Japan v. the USA.

1 Median of follow-up time of the studies is 14-1 years.

§ Adjustment for at least age, sex, smoking status, alcohol intake and BMI (kg/m?) is considered as strong adjustment. Otherwise, it is

considered as weak adjustment.

an inverse association between decaffeinated coffee consump-
tion and mortality.

There was some evidence of heterogeneity among the
studies overall, but the observed heterogeneity seemed to be
explained, partly by one study, which was targeted on a
unique population of Adventist religious adherents in the
USA“®. This was the only study that showed a significant
positive association between coffee consumption and total
mortality among the studies included in the meta-analysis.
The reason for the observed positive association is unclear,
but it may be due to confounding from unhealthy lifestyles
among subjects consuming high amounts of coffee based on
the previous literature™®. The study was adjusted for smoking
status, but was not adjusted for other potential confounders
such as alcohol consumption and BMI. In addition, some
residual confounding may also have existed, since coffee
consumption has been considered a bad behaviour by
the Adventists, and thus they were less likely to follow other
prescripts of the church as well, resulting in increased mor-
tality among coffee drinkers.

The mechanisms of the long-term effects of coffee are
unclear. Coffee is a complex mixture of biologically active
substances that may have both beneficial and harmful effects
on the health of humans. Studies have shown some negative
health consequences of caffeine consumption, particularly in
relation to CVD risk, including increased blood pressure®® .
However, these effects seem to be acute, and habitual coffee
drinkers develop partial tolerance to the effects of caffeine
in coffee. For the long-term effects of coffee, coffee com-
ponents other than caffeine may become more relevant to
affect health outcomes. Coffee is one of the major sources of
antioxidants in the diet“”. Phenolic compounds in coffee
(e.g. chlorogenic, ferulic and p-coumaric acids) have strong

(13)

antioxidant activities " ”’. Several studies have also found an

inverse association between coffee consumption and blood

concentrations of some inflammatory markers“*®. Prolonged
inflammation may contribute to atherosclerosis and IHD as
well as cancers. In addition, the chlorogenic acid in coffee
may decrease blood pressure by increasing NO levels™”
and reduce the risk of diabetes mellitus by slowing the release
of glucose into the blood stream after consumption of a
meal and improving insulin sensitivity, along with other
components in coffee including Mg, trigonelline and qui-
nides®*~>?. Long-term hyperinsulinaemia is related to an
increased risk of tumorigenesis due to increased cell prolifer-
ation and reduced apoptosis and thus enhances cancer
progression®>>* Hypertension, diabetes, CVD, inflammatory
diseases and cancers are important causes of mortality. Thus,
the net long-term impact of coffee consumption may favour
a decreased risk of death by delaying the progression of dis-
ease through the beneficial properties of coffee components.

Of the twenty studies included in the meta-analysis, some
studies also reported risk estimates of deaths
CVD!2723:35-27.29-3133.3D  hich showed an inverse trend of
coffee consumption overall, while one study that was con-
ducted early in men showed an increased risk of CVD-specific
deaths"'”. Several studies also reported risk estimates of
deaths from total cancer'!?2%:21:24:2627.29.30.32=3D i1y 3 ddition
to total mortality. Unlike for deaths from CVD, many of the
studies showed no association between cancer deaths and
coffee consumption overall, while some studies showed
a non-significant inverse trend®” or significant inverse
(303 TInterestingly, a study
conducted in Japan showed a reduced risk of death in
women only for colorectal cancer, but not for other cancers.
The inverse association for total mortality that we found in
the meta-analysis seems to be influenced mostly by the
reduced risk of deaths from CVD. It seems possible that
coffee consumption protects against death from specific
types of cancers, but not against total cancer deaths. This

from

associations, but in only women
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Study RR 95% Cl
USA
Kahn et al. 18 - 122 1.09,1-37
LeGrady et al. (19 —— 1.09  0-83,1:43
Klatsky et al. 21 — 0-88 076, 1-02
Andersen et al. 26) ——] 087 076, 1-00
Paganini-Hill et al. (28 - 094 0-87,1.02
Lopez-Garcia et al. (2% NHS S 083 073, 0:95
Lopez-Garcia et al. 2% HPFS — 0-80 0-62,1-04
Freedman et al. (33 = 0-88  0-84,0-93
Gardener et al. 34 0-66  0-45,0-97
Subtotal (/2 = 77-0%, P = 0-000) <> 092 084, 1-00
Europe
Jacobsen et al. (17) —— 084  0:74,0-95
Vandenbroucke et al. (18) e T — 1-10 0-65, 1-85
Rosengren & Wilhelmsen (20) - 0-60  0-35,1-04
Woodward & Tunstall-Pedoe (22) —— 078  0-61,0-99
Kleemola et al. (23 —_— 062  0:51,0-77
Jazbec et al. (2 —— 070  0-55,0-91
Happonen et al. 27 —_— 078  0-48,1-27
de Koning Gans et al. 3V —— 093 076,114
Subtotal (/% = 38:3%, P=0-124) (& 078  0-70, 0-88
Japan
Iwai et al. 124 o 056  0-32,0:97
Sugiyama et al. 130 —— 086 072, 1:01
Tamakoshi et al. (32) — 082 071,095
Subtotal (/2 = 6:4%, P= 0-343) <> 082 073,092
Note: Weights are from random-effects analysis
I I I I
0-2 05 1 2 3

RR

Fig. 2. Forest plot of the prospective cohort studies of total mortality for high v. low/no coffee consumption, stratified by geographical region. RR, relative risk; NHS,
Nurses’ Health Study; HPFS, Health Professionals Follow-up Study. (A colour version of this figure can be found online at http://www.journals.cambridge.org/bjn).

may be attributed to the aetiological heterogeneity of cancers
when all types are grouped together, suggesting that the effect
of coffee varies by cancer site. For example, recent epidemio-
logical studies have shown stronger inverse associations of
coffee consumption with the risk of liver cancer®, endo-
metrial cancer™ 59 while no signifi-
cant association with coffee consumption has been found
for breast cancer®”. Thus, the overall effect may depend on
the population rates for these specific cancers. The recent lar-
gest prospective US cohort study of the National Institutes of
Health—American Association of Retired Persons (NIH-AARP)
Diet and Health Study® included in the present meta-
analysis has shown inverse associations of coffee consumption
with total and disease-specific deaths (including those from
heart disease, respiratory diseases, diabetes and infections),
but not with deaths due to cancers. In that study, inverse
associations for total mortality were similar regardless of the
predominant type of coffee consumed (caffeinated or decaf-
feinated) or across many subgroups. For cancer deaths, it is
also possible that the residual confounding effects of smoking,
alcohol or other unhealthy lifestyle factors related to coffee
consumption may still exist, which are likely to obscure the
beneficial effects of coffee consumption.

On the other hand, some factors related to health status may
confound the association between coffee consumption and
total mortality more inversely than the true association.
There is a possibility that subclinical diseases lead to a
reduction in coffee consumption, i.e. those in the lowest

and colorectal cancer

category of coffee consumption had more past disease history
than those who were in the higher categories of coffee consum-
ption, causing an elevation in risk among low/non-coffee
drinkers. However, the risk estimate from the present
meta-analysis limited to studies that had adjusted for health
status‘10-18-20,22-25,27-30,32-3%) attenuated, but
remained essentially the same. A study conducted in Japan
attempted to examine the reverse causation with exclusion

was not

of death that occurred within 2—-8 years from baseline and
did not alter the relationship between coffee consumption
and all-cause mortality®. Similarly, the large US cohort
studies of NHS and HPFS conducted sensitivity analyses to
evaluate the robustness of their inverse findings®*". They
carried out several analyses by excluding individuals in the
lowest category of coffee consumption, excluding those who
reduced their coffee consumption in the 10 years preceding
the study or excluding those who died within the first
4 years of follow-up. As a result of the analyses, all the estimates
remained similar to those in the main analyses. The observed
findings seem to suggest that the difference in health at baseline
did not explain the observed inverse association.

We attempted to conduct an exploratory meta-analysis of
total mortality in relation to decaffeinated coffee consumption,
and the results showed similar inverse associations with
no heterogeneity. The largest US cohort study indicated a sig-
nificant inverse association for high coffee consumption (=4
cups/d) v. no coffee consumption, but it was not included
in the meta-analysis due to insufficient data®®. Another

ssa.d Ansseniun abpriquied Aq auljuo paysiiqnd #18€00€ LSt L LL000S/ZLOL 0L/BIo 10p//:sdny


https://doi.org/10.1017/S0007114513003814

o

British Journal of Nutrition

Coffee consumption and total mortality 1171
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Kahn et al. 1 i - 116 1.07,1-26
Woodward & Tunstall-Pedoe (22) —0—5— 0-80 0-65, 0-98
lwai et al. 24 — 070  0-55,0-90
Jazbec et al. 25) — 072 059, 0-88
Happonen et al. 27) S B N 102 071,147
Paganini-Hill et al. (28 :'+ 0-96  0-91, 1-01
Lopez-Garcia et al. (2% NHS = 0-93 0-88, 0-99
Lopez-Garcia et al. 2%) HPFS e 102 0.94,1-10
Sugiyama et al. (39 —~§— 0-88  0-78, 1-00
Tamakoshi et al. 32) —s 0-88 077,1-02
Freedman et al. %3 -~ 094 0-91,0-98
Gardener et al. 3% —o—i— 0-83 071, 0:97
Overall (/2 =77-1%, P=0-000) &> 092 0-87,0.98
.

Note: Weights are from rand?m-effects ar?alysis i |

03 05 1 2

Fig. 3. Forest plot of the prospective cohort studies of total mortality for moderate (1-2 cups/d) v. low/no coffee consumption. RR, relative risk; NHS, Nurses’
Health Study; HPFS, Health Professionals Follow-up Study. (A colour version of this figure can be found online at http://www.journals.cambridge.org/bjn).

recent study carried out by Gardener et al.®? reported a

hazard ratio of 0-88 (95% CI 0-88, 0-97) for consumption of
one cup of decaffeinated coffee per day.

The present meta-analysis has several strengths. First, to the
best of our knowledge, this is the first meta-analysis to inves-
tigate the long-term effect of coffee consumption on mortality.
Second, all the studies included in the meta-analysis had a
prospective design excluding recall and selection bias,
which could be of concern in case—control studies. For
practical and ethical reasons, the prospective design may be
the best study design to investigate varying amounts of
coffee consumption for a long period of time until many sub-
jects die. Third, a large number of total cases were included in
the meta-analysis, which increased statistical power to quanti-
tatively assess the association of total mortality with coffee
consumption. In addition, a relatively large number of studies
allowed us to conduct subgroup analyses by geographical
region, follow-up time, sex and confounder adjustment.
Fourth, in addition to the large sample size, many of the
studies had relatively long follow-up durations, which allowed
observing the long-term effects of coffee consumption on
mortality. Lastly, we found little evidence of publication
bias, which could be of concern in a meta-analysis of pub-
lished literature.

The present meta-analysis also has several potential limi-
tations. First, a meta-analysis itself cannot solve confounding
problems that could be inherent in the original studies,
which may, in part, explain the observed findings. Usually,
known and measured factors such as smoking status or alco-
hol consumption can be removed through statistical methods,
as most of the studies included in the present meta-analysis
did. All the studies adjusted for a strong confounder, smoking
status, and the additional analysis carried out in the present
meta-analysis limited to studies that had adjusted for at least

alcohol consumption and BMI showed similar results. Never-
theless, we cannot rule out the possibility that unmeasured
factors such as psychosocial factors associated with coffee
drinking might have affected the inverse associations of
coffee consumption and mortality. Since many people tend
to use coffee shops as meeting places, those who report con-
suming coffee frequently are more likely to have a good social
network. Thus, the effect of psychosocial factors related to
coffee consumption should be assessed. Second, misclassifi-
cation of coffee consumption categories may have occurred
in the original analysis of each study and thus the meta-
analysis, given that coffee consumption was assessed by
self-report and, moreover, assessed at a single time point for
most of the studies. Among the studies, two studies carried
out in the USA for men (HPFS) and women (NHS) updated
information on coffee consumption every 4 years during 18
and 24 years of follow-up, respectively®*P Except for the
two studies, the others assessed coffee consumption at
baseline only. However, misclassification of coffee consumption
categories would have probably led to the underestimation,
rather than to overestimation, of results, and thus the
association between coffee consumption and risk of death
may be even stronger. We found a slightly stronger inverse
association in studies with relatively short follow-up durations.
This may be related to less exposure misclassification in
studies with short follow-up durations, which reduces the
possibility of subjects altering their coffee consumption
during follow-up. Third, the cut-offs for high exposure
categories varied among the studies included in the meta-
analysis, ranging from 2 to 9 cups/d. Even in the same
geographical region, each country used different highest
categories. For the highest categories of coffee consumption,
studies carried out in Europe used >2-9 cups/d, those in the
USA used 3-6 cups/d and those in Japan used 2—4 cups/d.
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We found no significant difference in the pooled RR stratified
by cut-offs for the highest category (2—4 v. 5-9 cups/d),
which might suggest that heavy coffee consumption
(=5 cups/d) seems not to provide further benefits against
death compared with moderately high coffee consumption
(2—4 cups/d). Of the studies included in the meta-analysis,
two used 1 or 2 cups/d as a reference™”'” and the other
studies used 0 or <1 cup/d as a reference. After the exclusion
of the two studies, the pooled RR remained similar (RR 0-85,
95% CI 0-79, 0-91). Finally, different brewing methods and
varying cup sizes might have attenuated the results.

Conclusions

Both moderate coffee consumption and high coffee consump-
tion were associated with significantly lower total mortality,
compared with low/no coffee consumption. People who con-
sumed =5-9 and =2-4 cups/d of coffee had similar risk
reductions of mortality, suggesting little further benefits of
heavy consumption of coffee with regard to death. Since
research on coffee and disease has mostly focused on
individual conditions and diseases, it might be meaningful to
examine whether long-term coffee consumption can decrease
the risk of death from a public health perspective. Indeed, due
to the observational nature of the prospective cohort studies
included in the meta-analysis, it is not possible to conclude
that the inverse association between coffee consumption
and mortality reflects cause and effect. However, based on
the health benefits of coffee components (e.g. antioxidants
including polyphenols), the relationship between coffee
consumption and total mortality might be causal. Further
large prospective studies that carefully adjust for all the
potential confounders including factors related to social inter-
action should be conducted.

Supplementary material

To view supplementary material for this article, please visit
http://dx.doi.org/10.1017/50007114513003814
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