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Background: The relationship between coffee consumption
and mortality in diverse European populations with variable cof-
fee preparation methods is unclear.

Objective: To examine whether coffee consumption is associ-
ated with all-cause and cause-specific mortality.

Design: Prospective cohort study.

Setting: 10 European countries.

Participants: 521 330 persons enrolled in EPIC (European Pro-
spective Investigation into Cancer and Nutrition).

Measurements: Hazard ratios (HRs) and 95% CIs estimated us-
ing multivariable Cox proportional hazards models. The associ-
ation of coffee consumption with serum biomarkers of liver func-
tion, inflammation, and metabolic health was evaluated in the
EPIC Biomarkers subcohort (n = 14 800).

Results: During a mean follow-up of 16.4 years, 41 693 deaths
occurred. Compared with nonconsumers, participants in the
highest quartile of coffee consumption had statistically signifi-
cantly lower all-cause mortality (men: HR, 0.88 [95% CI, 0.82 to
0.95]; P for trend < 0.001; women: HR, 0.93 [CI, 0.87 to 0.98]; P
for trend = 0.009). Inverse associations were also observed for
digestive disease mortality for men (HR, 0.41 [CI, 0.32 to 0.54]; P
for trend < 0.001) and women (HR, 0.60 [CI, 0.46 to 0.78]; P for
trend < 0.001). Among women, there was a statistically signifi-

cant inverse association of coffee drinking with circulatory dis-
ease mortality (HR, 0.78 [CI, 0.68 to 0.90]; P for trend < 0.001)
and cerebrovascular disease mortality (HR, 0.70 [CI, 0.55 to
0.90]; P for trend = 0.002) and a positive association with ovarian
cancer mortality (HR, 1.31 [CI, 1.07 to 1.61]; P for trend = 0.015).
In the EPIC Biomarkers subcohort, higher coffee consumption
was associated with lower serum alkaline phosphatase; alanine
aminotransferase; aspartate aminotransferase; �-glutamyltrans-
ferase; and, in women, C-reactive protein, lipoprotein(a), and
glycated hemoglobin levels.

Limitations: Reverse causality may have biased the findings;
however, results did not differ after exclusion of participants who
died within 8 years of baseline. Coffee-drinking habits were as-
sessed only once.

Conclusion: Coffee drinking was associated with reduced risk
for death from various causes. This relationship did not vary by
country.

Primary Funding Source: European Commission Directorate-
General for Health and Consumers and International Agency for
Research on Cancer.

Ann Intern Med. doi:10.7326/M16-2945 Annals.org
For author affiliations, see end of text.
This article was published at Annals.org on 11 July 2017.
* Drs. Gunter and Murphy contributed equally to this work.
† Deceased.

Coffee is among the most commonly consumed bev-
erages, with an estimated 2.25 billion cups drunk

worldwide per day. Coffee drinking provides exposure
to a range of biologically active compounds (1), and
higher consumption has been linked with lower levels
of inflammation (2, 3), insulin resistance, and risk for
diabetes (4–6). Initial studies investigating the relation-
ship between coffee consumption and risk for all-cause
death were of limited size and reported inconsistent
results (7–9). However, recent U.S.-based analyses have
reported that higher consumption was related to lower
risk for all-cause death (10–12). To date, a large-scale
European-based analysis of coffee consumption and
mortality has not been done.

For cause-specific mortality, findings on coffee
drinking and cardiovascular disease mortality have
been mixed (13–16), although a U.S. study and a meta-

analysis recently reported a lower risk for cardiovascu-
lar disease death for persons with high consumption
compared with nonconsumers (10, 17). Coffee drinking
has generally not been associated with cancer mortality
(8, 10, 15, 17), and data are limited for mortality from
other chronic diseases, such as digestive and respira-
tory disease.

We investigated the association of coffee con-
sumption with all-cause and cause-specific mortality in
EPIC (European Prospective Investigation into Cancer
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and Nutrition), a large multinational cohort that cap-
tured country-specific coffee preparation methods. In
addition, to gain insight into potential biological mech-
anisms, we investigated the association of coffee drink-
ing with selected serum biomarkers of liver function,
inflammation, and metabolic health.

METHODS
Study Population

EPIC is a multicenter prospective cohort of 521 330
participants, mostly aged 35 years or older, who were
recruited in 1992 to 2000, predominantly from the gen-
eral population of 10 European countries (Denmark,
France, Germany, Greece, Italy, the Netherlands, Nor-
way, Spain, Sweden, and the United Kingdom) (18, 19).
Additional detail on the study population is provided in
Appendix 1 (available at Annals.org). Written informed
consent was provided by all study participants, and eth-
ical approval for EPIC was provided by the International
Agency for Research on Cancer and local participating
centers. Participants who reported cancer (n = 22 537),
heart disease (n = 12 619), stroke (n = 3683), or diabe-
tes (n = 12 461); those in the highest and lowest 1% of
the distribution for the ratio of energy intake to esti-
mated energy requirement (n = 8828); and those miss-
ing information on coffee consumption and follow-up
(n = 9459) were excluded from analyses. The final ana-
lytic data set included 451 743 participants (130 662
men and 321 081 women).

Diet, Lifestyle, and Anthropometric Information
Dietary intake was assessed by different instru-

ments that had been developed and validated within
the EPIC source populations to reflect each country's
local context (18, 19). Self-administered questionnaires
were used in all centers, except in Greece, Spain, and
Ragusa (Italy), where data were collected at a personal
interview. Information specifically on caffeinated and
decaffeinated coffee drinking was collected from par-
ticipants in Germany, Greece, Italy (excluding Naples
and Ragusa), the Netherlands, and the United King-
dom. Participants recorded the number of cups of cof-
fee consumed per month, week, or day. Coffee con-
sumption (in milliliters per day) was calculated using
the typical sizes of cups for each center. Lifestyle ques-
tionnaires were used to obtain information on educa-
tion; smoking; alcohol consumption; physical activity;
use of oral contraceptives and menopausal hormone
therapy; menopausal status; and, in 5 centers, non-
steroidal anti-inflammatory drug use.

Liver Function, Circulatory Disease, and
Metabolic Biomarker Measurement

Baseline data on serum levels of albumin, alkaline
phosphatase (ALP), alanine aminotransferase (ALT), as-
partate aminotransferase (AST), �-glutamyltransferase
(GGT), high-sensitivity C-reactive protein (CRP), gly-
cated hemoglobin (HbA1c), high-density lipoprotein
cholesterol (HDL-C), and lipoprotein(a) were available
for the EPIC Biomarkers subcohort of 16 775 randomly
selected participants (see Appendix Table 1, available

at Annals.org, for details on measurement methods).
After the same exclusion criteria used in the main
coffee–mortality analyses were applied, 14 800 partici-
pants remained.

Assessment of Mortality
Data on vital status and cause and date of death

were collected at the EPIC study centers using record
linkages with cancer registries, boards of health, and
death indices in Denmark, Italy, the Netherlands, Nor-
way, Spain, Sweden, and the United Kingdom and
through active follow-up (inquiries by mail or tele-
phone, municipal registries, regional health depart-
ments, and physicians or hospitals) in Germany,
Greece, and France. Data on causes of death were
coded in accordance with the International Classifica-
tion of Diseases, 10th Revision (ICD-10). The following
causes of death were investigated: cancer (ICD-10
codes C00 to D48), circulatory diseases (codes I00 to
I99), ischemic heart diseases (codes I20 to I25), cere-
brovascular diseases (codes I60 to I69), respiratory dis-
eases (codes J30 to J98), digestive diseases (codes K00
to K93), external causes (codes S00 to Y98), and suicide
(codes X60 to X84).

Statistical Analysis
Hazard ratios (HRs) and 95% CIs were estimated

using Cox proportional hazards models, with age as the
primary time metric. Time of study entry was age at
recruitment, and exit time was age at death or the last
date at which follow-up was considered complete in
each center. Models were also stratified by age at re-
cruitment (in 1-year categories) and center to minimize
departure from proportionality and to control for differ-
ences across centers, such as in follow-up procedures
and questionnaire design.

To account for between-country variability in the
volume and concentration of the type of coffee locally
consumed, total, caffeinated, and decaffeinated coffee
were modeled using country-specific quartiles among
coffee drinkers compared with nondrinkers. Analyses
based on daily number of cups of coffee consumed (0,
<1, 1 to <2, 2 to <3, and ≥3 cups per day [1 cup = 237
mL]) were also done. Trend tests across exposure
groups were done by entering the category variables
into the Cox models as continuous terms. Continuous
models (HR expressed per cup per day) were also
used. The multivariable models were adjusted for a set
of a priori–determined covariates that included body
mass index (<22, 22 to 24.9, 25 to 29.9, 30 to 34.9, or
≥35 kg/m2), physical activity (inactive, moderately inac-
tive, moderately active, or active), smoking status and
intensity (never, current [1 to 15, 16 to 25, or ≥26 cig-
arettes per day], or former [≤10, 11 to <20, or ≥20
years since quitting]; current pipe, cigar, or occasional
smoking; current vs. former; missing; or unknown),
smoking duration (<10, 10 to <20, 20 to <30, 30 to
<40, or ≥40 years or unknown), education (none, pri-
mary school, technical or professional school, second-
ary school, higher education [including university], or
not specified), menopausal status (premenopausal,

ORIGINAL RESEARCH Coffee Drinking and Mortality in 10 European Countries

2 Annals of Internal Medicine Annals.org

EMBARGOED FOR RELEASE UNTIL 5:00 PM ET ON 

MONDAY, JULY 10, 2017 

 
 

http://www.annals.org
http://www.annals.org
http://www.annals.org


postmenopausal, perimenopausal, surgically post-
menopausal, or unknown), ever-use of oral contracep-
tives or menopausal hormone therapy, alcohol con-
sumption (0, <5, 5 to 14.9, 15 to 29.9, or ≥30 g of
ethanol per day), total energy intake (in kilocalories per
day), consumption of red and processed meats (in
grams per day), and consumption of fruits and vegeta-
bles (in grams per day). Further adjustment for intake of
fiber, calcium, fish, and soft drinks and use of nonsteroi-
dal anti-inflammatory drugs resulted in virtually un-
changed risk estimates, so these variables were ex-
cluded from the final multivariable models.

The association between coffee consumption and
mortality was further assessed across subgroups based
on smoking status, body mass index, physical activity,
alcohol intake, red and processed meat consumption,
and fruit and vegetable consumption. Interaction terms
(multiplicative scale) between these variables and cof-
fee intake were included in separate models; the statis-
tical significance of the cross-product terms was evalu-
ated using the likelihood ratio test. Similar analyses

examined associations according to follow-up catego-
ries (<5, 5 to <10, and ≥10 years). Heterogeneity across
countries was explored using a meta-analytic approach
(20). To detect possible reverse causality, sensitivity
analyses were conducted by excluding deaths within
the first 5 and 8 years of follow-up and including only
participants who reported being in “excellent” or
“good” health at recruitment. To assess the possible
effect of an unmeasured confounder on the results, we
used a sensitivity analysis described by Ding and
VanderWeele (21). In a supplementary analysis, flexible
parametric survival models (22) were used to allow di-
rect estimation of the conditional cumulative incidence
and, thus, absolute risks for death by sex and coffee
consumption categories, with adjustment for other co-
variates. Within these models, we used restricted cubic
splines with 3 internal knots to model the baseline haz-
ard, using attained age as the time scale. Model-based
survival functions were obtained from fitted models by
coffee consumption category and sex.

Table 1. Baseline Characteristics of Study Participants, by Category of Daily Coffee Consumption

Characteristic Total Coffee Consumption*

Men Women

Nonconsumers Quartile 2 Quartile 4 Nonconsumers Quartile 2 Quartile 4

Median total coffee
consumption,
mL/d

0 300 855 0 253 684

Participants, n 6477 29 809 28 535 25 384 66 279 62 773
All-cause deaths, n 1039 4440 3601 1817 5236 4162
Median age at

recruitment
(IQR), y

52.7 (45.3–59.6) 53.3 (47.3–59.9) 50.1 (42.7–56.2) 50.8 (45.4–57.2) 51.8 (45.2–58.9) 49.2 (44.1–54.6)

Median body mass
index (IQR),
kg/m2

26.3 (24.1–28.7) 26.1 (24.0–28.4) 26.2 (24.1–28.5) 23.6 (21.3–26.8) 24.1 (21.9–27.1) 24.3 (22.0–27.3)

Higher education
(including
university), %

23.2 26.1 26.9 23.0 23.2 23.0

Current smoker, % 18.1 26.3 42.8 11.2 16.3 31.1
Physically active, %† 25.5 24.6 23.7 11.9 16.4 14.3
Median total energy

intake (IQR),
kcal/d

2300 (1893–2773) 2312 (1914–2756) 2469 (2049–2960) 1906 (1547–2312) 1867 (1551–2240) 1947 (1604–2356)

Median
consumption
(IQR), g/d

Red and
processed
meat

82.4 (49.0–123.2) 86.9 (51.6–128.7) 95.1 (58.8–137.6) 59.7 (35.4–88.0) 59.5 (34.6–88.5) 65.3 (38.9–95.5)

Fruits and
vegetables

380.8 (229.3–615.6) 325.9 (200.8–512.2) 315.5 (192.8–516.4) 461.2 (305.7–645.5) 416.3 (278.4–588.7) 419.4 (268.9–605.5)

Alcohol 7.4 (0.6–24.0) 12.9 (4.4–30.2) 12.5 (4.1–28.5) 1.2 (0–6.7) 4.0 (0.8–11.5) 3.7 (0.6–11.3)
Ever-use of

contraceptive
pill, %

– – – 52.0 55.9 61.4

Ever-use of
menopausal
hormone
therapy, %

– – – 23.8 23.9 22.7

Postmenopausal, % – – – 41.5 46.2 35.4

IQR = interquartile range.
* Quartiles are country-specific.
† Defined as those with a sedentary job with >1 h of recreational activity per day, a standing job with >0.5 h of recreational activity per day, a
physical job with at least some recreational activity, or a heavy manual job.
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Table 2. Associations of Daily Coffee Consumption and All-Cause and Cause-Specific Mortality Among Men and Women

Variable Coffee Consumption* P
Value
for
Trend

Per Cup
Per Day

Nonconsumers Quartile 1
(Low)

Quartile 2
(Medium-Low)

Quartile 3
(Medium-High)

Quartile 4
(High)

All-cause mortality
Men

Deaths, n 1039 4972 4440 4250 3601 –
HR (95% CI)

Basic model† 1.00 (reference) 0.89 (0.83–0.95) 0.89 (0.83–0.95) 0.90 (0.84–0.96) 1.07 (0.99–1.15) <0.001 –
Basic model plus

smoking variables†
1.00 (reference) 0.88 (0.82–0.94) 0.83 (0.77–0.89) 0.78 (0.73–0.84) 0.83 (0.77–0.89) <0.001 –

Multivariable model‡ 1.00 (reference) 0.94 (0.87–1.00) 0.88 (0.82–0.95) 0.84 (0.78–0.90) 0.88 (0.82–0.95) <0.001 0.97 (0.96–0.98)
Women

Deaths, n 1817 6882 5236 5294 4162 –
HR (95% CI)

Basic model† 1.00 (reference) 0.90 (0.85–0.95) 0.90 (0.85–0.95) 0.95 (0.90–1.01) 1.10 (1.04–1.16) <0.001 –
Basic model plus

smoking variables†
1.00 (reference) 0.91 (0.86–0.96) 0.87 (0.82–0.91) 0.87 (0.82–0.92) 0.90 (0.85–0.96) 0.004 –

Multivariable model‡ 1.00 (reference) 0.94 (0.89–0.99) 0.90 (0.85–0.95) 0.90 (0.85–0.95) 0.93 (0.87–0.98) 0.009 0.99 (0.98–1.00)

Cancer (ICD-10 codes
C00–D48)

Men
Deaths, n 386 1923 1861 1816 1628 –
HR (95% CI)

Basic model† 1.00 (reference) 0.90 (0.81–1.01) 1.01 (0.90–1.13) 1.04 (0.93–1.16) 1.27 (1.13–1.42) <0.001 –
Multivariable model‡ 1.00 (reference) 0.92 (0.82–1.03) 0.97 (0.86–1.08) 0.92 (0.82–1.03) 0.99 (0.88–1.11) 0.45 1.00 (0.99–1.02)

Women
Deaths, n 645 2917 2305 2417 2105 –
HR (95% CI)

Basic model† 1.00 (reference) 0.98 (0.90–1.07) 1.07 (0.98–1.17) 1.12 (1.03–1.23) 1.33 (1.22–1.46) <0.001 –
Multivariable model‡ 1.00 (reference) 1.00 (0.92–1.10) 1.05 (0.96–1.15) 1.04 (0.95–1.14) 1.12 (1.02–1.23) 0.001 1.03 (1.01–1.04)

Circulatory diseases
(ICD-10
codes I00–I99)

Men
Deaths, n 257 1352 1148 1091 922 –
HR (95% CI)

Basic model† 1.00 (reference) 0.96 (0.84–1.10) 0.91 (0.80–1.05) 0.92 (0.80–1.05) 1.12 (0.97–1.29) 0.033 –
Multivariable model‡ 1.00 (reference) 1.02 (0.89–1.17) 0.93 (0.80–1.07) 0.87 (0.76–1.00) 0.93 (0.80–1.08) 0.004 0.97 (0.95–0.99)

Women
Deaths, n 334 1399 968 959 676 –
HR (95% CI)

Basic model† 1.00 (reference) 0.85 (0.75–0.96) 0.75 (0.66–0.85) 0.82 (0.72–0.93) 0.94 (0.82–1.08) 0.95 –
Multivariable model‡ 1.00 (reference) 0.89 (0.78–1.01) 0.74 (0.65–0.85) 0.77 (0.67–0.88) 0.78 (0.68–0.90) <0.001 0.96 (0.94–0.99)

Cerebrovascular diseases
(ICD-10 codes I60–I69)

Men
Deaths, n 58 284 231 195 150 –
HR (95% CI)

Basic model† 1.00 (reference) 0.89 (0.66–1.19) 0.80 (0.60–1.08) 0.77 (0.57–1.04) 0.92 (0.67–1.25) 0.42 –
Multivariable model‡ 1.00 (reference) 0.94 (0.70–1.27) 0.83 (0.61–1.12) 0.76 (0.56–1.04) 0.83 (0.60–1.14) 0.043 0.94 (0.89–0.99)

Women
Deaths, n 114 472 358 317 201 –
HR (95% CI)

Basic model† 1.00 (reference) 0.83 (0.67–1.03) 0.78 (0.63–0.98) 0.77 (0.62–0.97) 0.82 (0.64–1.04) 0.154 –
Multivariable model‡ 1.00 (reference) 0.85 (0.68–1.05) 0.77 (0.62–0.96) 0.74 (0.59–0.92) 0.70 (0.55–0.90) 0.002 0.94 (0.90–0.99)

Ischemic heart diseases
(ICD-10 codes I20–I25)

Men
Deaths, n 112 597 533 534 474 –
HR (95% CI)

Basic model† 1.00 (reference) 0.94 (0.77–1.15) 0.92 (0.75–1.13) 0.94 (0.77–1.15) 1.15 (0.94–1.42) 0.015 –
Multivariable model‡ 1.00 (reference) 1.03 (0.84–1.26) 0.96 (0.78–1.18) 0.92 (0.75–1.13) 0.97 (0.79–1.20) 0.24 0.99 (0.96–1.02)

Women
Deaths, n 83 415 296 266 216 –
HR (95% CI)

Basic model† 1.00 (reference) 0.96 (0.75–1.23) 0.84 (0.65–1.09) 0.81 (0.63–1.05) 1.07 (0.83–1.40) 0.96 –
Multivariable model‡ 1.00 (reference) 1.03 (0.80–1.32) 0.83 (0.64–1.08) 0.74 (0.57–0.96) 0.82 (0.62–1.07) <0.001 0.94 (0.90–0.98)

Continued on following page
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Table 2—Continued

Variable Coffee Consumption* P
Value
for
Trend

Per Cup
Per Day

Nonconsumers Quartile 1
(Low)

Quartile 2
(Medium-Low)

Quartile 3
(Medium-High)

Quartile 4
(High)

Digestive diseases
(ICD-10 codes K00–K93)§

Men
Deaths, n 274 144 105 82 –
HR (95% CI)

Basic model† 1.00 (reference) 0.72 (0.59–0.89) 0.53 (0.42–0.67) 0.55 (0.42–0.70) <0.001 –
Multivariable model‡ 1.00 (reference) 0.69 (0.56–0.85) 0.46 (0.37–0.59) 0.41 (0.32–0.54) <0.001 0.77 (0.72–0.81)

Women
Deaths, n 273 134 122 79 –
HR (95% CI)

Basic model† 1.00 (reference) 0.75 (0.60–0.92) 0.76 (0.61–0.94) 0.77 (0.60–1.00) 0.004 –
Multivariable model‡ 1.00 (reference) 0.70 (0.56–0.86) 0.67 (0.54–0.84) 0.60 (0.46–0.78) <0.001 0.86 (0.81–0.92)

Respiratory diseases
(ICD-10 codes J30–J98)§

Men
Deaths, n 240 162 161 151 –
HR (95% CI)

Basic model† 1.00 (reference) 0.89 (0.73–1.09) 1.03 (0.84–1.27) 1.55 (1.25–1.91) 0.004 –
Multivariable model‡ 1.00 (reference) 0.81 (0.66–0.99) 0.84 (0.69–1.04) 1.05 (0.84–1.30) 0.62 1.01 (0.96–1.06)

Women
Deaths, n 316 212 185 162 –
HR (95% CI)

Basic model† 1.00 (reference) 1.08 (0.91–1.29) 1.16 (0.96–1.40) 1.74 (1.43–2.13) <0.001 –
Multivariable model‡ 1.00 (reference) 0.95 (0.79–1.14) 0.83 (0.69–1.01) 0.91 (0.74–1.12) 0.142 0.98 (0.94–1.03)

External causes (ICD-10
codes S00–Y98)§

Men
Deaths, n 285 181 187 183 –
HR (95% CI)

Basic model† 1.00 (reference) 0.84 (0.70–1.02) 0.87 (0.72–1.05) 1.03 (0.85–1.25) 0.66 –
Multivariable model‡ 1.00 (reference) 0.83 (0.68–1.00) 0.82 (0.68–1.00) 0.90 (0.74–1.10) 0.099 0.96 (0.91–1.01)

Women
Deaths, n 284 157 157 137 –
HR (95% CI)

Basic model† 1.00 (reference) 0.93 (0.76–1.13) 0.93 (0.76–1.14) 1.07 (0.86–1.32) 0.96 –
Multivariable model‡ 1.00 (reference) 0.93 (0.76–1.13) 0.91 (0.74–1.11) 0.96 (0.77–1.20) 0.47 0.98 (0.93–1.04)

Suicide (ICD-10 codes
X60–X84)§

Men
Deaths, n 91 51 47 53 –
HR (95% CI)

Basic model† 1.00 (reference) 0.78 (0.55–1.10) 0.72 (0.50–1.03) 0.91 (0.64–1.30) 0.25 –
Multivariable model‡ 1.00 (reference) 0.75 (0.52–1.06) 0.64 (0.44–0.92) 0.71 (0.50–1.02) 0.016 0.90 (0.83–0.98)

Women
Deaths, n 67 40 31 38 –
HR (95% CI)

Basic model† 1.00 (reference) 1.06 (0.71–1.58) 0.81 (0.52–1.25) 1.19 (0.78–1.81) 0.82 –
Multivariable model‡ 1.00 (reference) 1.06 (0.71–1.59) 0.77 (0.50–1.20) 0.98 (0.63–1.51) 0.61 0.97 (0.87–1.09)

HR = hazard ratio; ICD-10 = International Classification of Diseases, 10th Revision.
* Based on country-specific quartiles of coffee consumption after exclusion of nonconsumers. Quartile cutoffs were 500, 900, and 1300 mL/d in
Denmark; 150, 280, and 450 mL/d in France; 261, 395, and 580 mL/d in Germany; 70, 140, and 240 mL/d in Greece; 60, 92, and 138 mL/d in Italy;
375, 500, and 750 mL/d in the Netherlands; 300, 420, and 540 mL/d in Norway; 50, 105, and 196 mL/d in Spain; 300, 400, and 601 mL/d in Sweden;
and 83, 380, and 488 mL/d in the United Kingdom.
† Cox regression with adjustment for total energy intake (in kilocalories per day) and stratification by age (1-y categories) and center.
‡ Cox regression with adjustment for body mass index (<22, 22–24.9, 25–29.9, 30–34.9, or ≥35 kg/m2); physical activity (inactive, moderately
inactive, moderately active, or active); smoking status and intensity (never, current [1–15, 16–25, or ≥26 cigarettes per day], former [≤10, 11–<20, or
≥20 y since quitting], current pipe/cigar/occasional smoking, current vs. former, missing, or unknown); smoking duration (<10, 10–<20, 20–<30,
30–<40, or ≥40 y or unknown); education (none, primary school, technical/professional school, secondary school, higher education [including
university], or not specified); menopausal status (premenopausal, postmenopausal, perimenopausal, surgically postmenopausal, or unknown);
ever-use of contraceptive pill or menopausal hormone therapy (yes, no, or unknown); alcohol consumption (0, <5, 5–14.9, 15–29.9, or ≥30 g/d); and
intake of total energy (in kilocalories per day), red and processed meat (in grams per day), and fruits and vegetables (in grams per day) (all
continuous), with stratification by age (1-y categories) and center.
§ Reference category was merged with low consumption (quartile 1) due to low case numbers among nonconsumers.
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Liver Function, Inflammation, and Metabolic
Biomarker Measurements

In the EPIC Biomarkers subcohort, mean serum lev-
els of liver function, inflammatory, and metabolic bio-
markers were calculated for coffee consumption cate-
gories. For biomarker values that were nonnormally
distributed, data were log-transformed and geometric
means were calculated for each category (see the foot-
note to Table 3 for multivariable adjustments). Also in
the subcohort, Cox proportional hazards models using
the same criteria as the analyses of coffee consumption
and mortality were used to assess the relationships of
serum levels (sex-specific quartiles) of albumin, ALP,
ALT, AST, GGT, CRP, HbA1c, HDL-C, and lipoprotein(a)
with all-cause mortality (see the legend of Appendix
Figure 1, available at Annals.org, for multivariable ad-
justments).

All statistical tests were 2-sided, and a P value less
than 0.05 was considered statistically significant.

Ethical Approval
All participants provided informed consent, and

ethical approval for the entire EPIC cohort was ob-
tained from the Institutional Review Board of the Inter-
national Agency for Research on Cancer in Lyon,
France, under protocol numbers SC/24/4 and SC/24/6,
as well as from local ethics committees in the participat-
ing countries.

Role of the Funding Source
The funders of the EPIC study had no role in study

design, conduct, or reporting of the results.

RESULTS
After a mean follow-up of 16.4 years, 18 302 and

23 391 deaths were recorded among men and women,
respectively. Of the 41 693 total deaths, 18 003 were
from cancer, 9106 were from circulatory diseases, 2380
were from cerebrovascular diseases, 3536 were from
ischemic heart diseases, 1213 were from digestive dis-
eases, 1589 were from respiratory diseases, 1571 were
from external causes, and 418 were from suicide. Mor-
tality rates, age-adjusted to European standard popula-
tions (23), were 118 and 78 deaths per 10 000 person-
years in men and women, respectively. Daily volume of
coffee consumed was highest in Denmark (median, 900
mL/d for men and women) and lowest in Italy (median,
91 mL/d for men and 93 mL/d for women) (Appendix
Table 2, available at Annals.org). Compared with non-
consumers, participants with higher reported coffee in-
take were more likely to be younger and current smok-
ers, reported higher intake of red and processed meats
and alcohol, and reported lower consumption of fruits
and vegetables (Table 1).

Coffee Consumption and All-Cause Mortality
Participants in the highest quartile of coffee con-

sumption had lower risk for all-cause death than non-
consumers after adjustment for smoking and other co-
variates in the multivariable models (men: HR, 0.88
[95% CI, 0.82 to 0.95]; P for trend < 0.001; women: HR,

0.93 [CI, 0.87 to 0.98]; P for trend = 0.009) (Table 2).
When categories of daily consumption (in cups) were
used, similar inverse associations were observed for
men (HR for ≥3 cups per day vs. nonconsumers, 0.82
[CI, 0.76 to 0.89]; P for trend < 0.001) and women (HR
for ≥3 cups per day vs. nonconsumers, 0.92 [CI, 0.87 to
0.98]; P for trend < 0.001) (data not shown). We found
no evidence of heterogeneity by country for the asso-
ciation between coffee drinking and all-cause mortality
(P for heterogeneity = 0.71 for men and 0.37 for
women). Overall, similar inverse associations and linear
trends were observed for consumption of caffeinated
and decaffeinated coffee, although the association with
all-cause mortality was less pronounced for caffeinated
than decaffeinated coffee in men, with a statistically sig-
nificantly lower risk not observed in the highest quartile
of consumption (Appendix Tables 3 and 4, available at
Annals.org).

Adjusted cumulative incidence curves for all-cause
mortality by coffee consumption categories are pre-
sented in Appendix Figure 2 (available at Annals.org).
For men, the cumulative incidence of death until age
80 years was 3.1% (CI, 1.7% to 4.5%) and 2.2% (CI, 0.8%
to 3.7%) lower among participants in the third and
highest quartiles of consumption, respectively, com-
pared with nonconsumers. For women, the cumulative
incidence of death until age 80 years was 1.4% (CI,
0.6% to 2.3%) and 0.8% (CI, �0.1% to 1.7%) lower
among those in the third and highest quartiles of con-
sumption compared with nonconsumers.

Coffee Consumption and Cause-Specific
Mortality

Strong inverse associations were observed be-
tween coffee consumption and risks for death from di-
gestive disease for men (highest quartile vs. noncon-
sumers and first quartile: HR, 0.41 [CI, 0.32 to 0.54]; P
for trend < 0.001) and women (highest quartile vs. non-
consumers and first quartile: HR, 0.60 [CI, 0.46 to 0.78];
P for trend < 0.001) (Table 2). Similar inverse associa-
tions were observed when categories of daily con-
sumption (in cups) were used (data not shown). Slightly
more than one third of digestive disease deaths were
due to liver disease. There was a statistically significant
inverse association between coffee drinking and liver
disease death (highest quartile vs. nonconsumers
[sexes combined]: HR, 0.20 [CI, 0.13 to 0.29]), whereas
the results for nonliver digestive disease deaths were
inconclusive (highest quartile vs. nonconsumers [sexes
combined]: HR, 0.81 [CI, 0.56 to 1.16]). We found
a strong inverse association between death from cir-
rhosis and coffee drinking (highest quartile vs. noncon-
sumers [sexes combined]: HR, 0.21 [CI, 0.13 to 0.34]).
Similar inverse associations were observed for alcoholic
and nonalcoholic cirrhosis (data not shown).

Coffee consumption was also inversely associated
with circulatory disease; this relationship was more pro-
nounced in women, and the associations were stronger
for deaths from cerebrovascular disease (highest quar-
tile vs. nonconsumers: HR, 0.70 [CI, 0.55 to 0.90]; P for
trend = 0.002) (Table 2). In general, the associations
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between coffee consumption and cause-specific mor-
tality were weaker when caffeinated and decaffeinated
coffee were analyzed separately, although associations
were in the same direction for both types (Appendix
Tables 3 and 4). The association of coffee drinking with
cancer-related mortality was not statistically significant
in men, whereas a positive association was found in
women (highest quartile vs. nonconsumers: HR, 1.12
[CI, 1.02 to 1.23]; P for trend = 0.001). In further analy-
ses by cancer type, we observed a statistically signifi-
cant positive association between coffee consumption
and ovarian cancer mortality (highest quartile vs. non-
consumers: HR, 1.31 [CI, 1.07 to 1.61]; P for trend =
0.015) in a multivariable model that included smoking
and other risk factors (Appendix Table 5, available at
Annals.org). In men, there were statistically significant
inverse associations between medium-low coffee con-
sumption and lung cancer mortality (Appendix Table
5). Coffee drinking was inversely associated with liver
cancer mortality in both men and women. Respiratory
disease mortality was not related to coffee consump-
tion in the full models (Table 2). Coffee drinking was

not associated with deaths from external causes; how-
ever, an inverse relationship was observed with suicide
for men but not women (Table 2).

Subgroup and Sensitivity Analyses
Smoking was the most influential confounder for

the analyses of all-cause mortality (Table 2). However,
because smoking is positively associated with both cof-
fee consumption and risk for death, confounding in this
case would obscure a possible reduction in risk associ-
ated with coffee consumption. As expected, statistical
adjustment for smoking strengthened the association
between coffee drinking and reduced risk for death.
Furthermore, coffee drinking was inversely associated
with all-cause mortality among never-smokers and
across subgroups of other mortality risk factors (Fig-
ure). Similarly, among never-smokers, coffee drinking
was inversely associated with death from cancer and
circulatory, digestive, and respiratory diseases (Appen-
dix Table 6, available at Annals.org).

The associations of coffee consumption with all-
cause mortality did not differ according to follow-up

Figure. Subgroup analysis of association between daily coffee consumption and all-cause mortality among men and women.

Subgroup Hazard Ratio
(95% CI)

Men

P Value for
Interaction

Hazard Ratio
(95% CI)

Women

P Value for
Interaction

Overall

Smoking status
   Never
   Former
   Current

Body mass index
   <25.0 kg/m2

   25.0–<30.0 kg/m2

   ≥30.0 kg/m2

Alcohol consumption*
   Below median
   Above median

Red and processed meat consumption†
   Below median
   Above median

Fruit and vegetable consumption‡
   Below median
   Above median

0.88 (0.82–0.95)

0.78 (0.67–0.90)
0.94 (0.83–1.06)
0.90 (0.79–1.04)

0.92 (0.81–1.05)
0.87 (0.78–0.96)
0.81 (0.69–0.96)

0.95 (0.86–1.05)
0.80 (0.72–0.90)

0.86 (0.76–0.98)
0.89 (0.81–0.98)

0.83 (0.76–0.92)
0.93 (0.82–1.04)

0.017

0.23

0.172

0.66

0.020

0.93 (0.87–0.98)

0.88 (0.81–0.95)
0.94 (0.82–1.08)
0.90 (0.79–1.04)

0.96 (0.89–1.05)
0.90 (0.80–0.99)
0.86 (0.74–0.99)

0.94 (0.87–1.01)
0.90 (0.82–0.99)

0.91 (0.84–0.99)
0.95 (0.87–1.04)

0.89 (0.81–0.97)
0.96 (0.89–1.03)

0.068

0.23

0.92

0.20

0.64

0.5 0.75 1.251 1 1.50.75

Hazard ratios are for the comparison of participants in the highest quartile of consumption vs. nonconsumers. The multivariable model used Cox
regression with adjustment for the covariates listed in the Statistical Analysis section of the text and stratification by age (1-y categories) and center.
Categories were based on country-specific quartiles of coffee consumption after exclusion of nonconsumers. Quartile cutoffs were 500, 900, and
1300 mL/d in Denmark; 150, 280, and 450 mL/d in France; 261, 395, and 580 mL/d in Germany; 70, 140, and 240 mL/d in Greece; 60, 92, and 138
mL/d in Italy; 375, 500, and 750 mL/d in the Netherlands; 300, 420, and 540 mL/d in Norway; 50, 105, and 196 mL/d in Spain; 300, 400, and 601
mL/d in Sweden; and 83, 380, and 488 mL/d in the United Kingdom.
* Median was 12.6 g/d in men and 3.4 g/d in women.
† Median was 90.2 g/d in men and 60.3 g/d in women.
‡ Median was 324 g/d in men and 413 g/d in women.
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categories (Appendix Table 7, available at Annals.org)
and were virtually unchanged when deaths occurring
during the first 5 and 8 years of follow-up were ex-
cluded (Appendix Tables 8 and 9, available at Annals
.org). Similar associations were also observed when
analyses were limited to participants who reported be-
ing in “excellent” or “good” health at baseline (Appen-
dix Table 10, available at Annals.org) and to consumers
of caffeinated or decaffeinated coffee only (data not
shown). The sensitivity analysis on the possible effect of
residual confounding found that an unmeasured con-
founder would need to be strongly associated with all-
cause mortality (HR <0.75) and substantially imbal-
anced between non–coffee drinkers and persons with
high consumption (>20% difference in prevalence) to

attenuate the upper limit of the CI to greater than 1.00
(Appendix 2 and Appendix Table 11, available at
Annals.org).

Serum Levels of Liver, Inflammation, and
Metabolic Biomarkers, by Coffee Consumption

Compared with non–coffee drinkers or persons
with low consumption, those with higher consumption
had statistically significantly lower mean serum levels of
ALP, ALT, AST, and GGT and higher albumin levels (P
for trend < 0.05 for all) (Table 3). For women only,
higher coffee consumption was correlated with lower
CRP, serum HbA1c, and lipoprotein(a) levels and higher
HDL-C levels. A total of 891 all-cause deaths were re-
corded in the EPIC Biomarkers subcohort. Serum levels

Table 3. Multivariable-Adjusted Mean Serum Levels of Liver Function, Circulatory Disease, and Metabolic Biomarkers Across
Coffee Consumption Categories Among Men and Women (n = 14 800)*

Variable Coffee Consumption† P Value
for Trend

Nonconsumers Quartile 1
(Low)

Quartile 2
(Medium-Low)

Quartile 3
(Medium-High)

Quartile 4
(High)

Albumin level, g/L‡
Men 46.70 46.18 46.49 46.61 46.93 0.005
Women 45.95 45.56 45.80 46.03 46.04 0.006

Alkaline phosphatase level, �kat/L§
Men 1.15 1.10 1.10 1.07 1.09 <0.001
Women 1.08 1.07 1.04 1.04 1.01 <0.001

Alanine aminotransferase level, U/L§
Men 25.37 24.49 24.60 24.23 23.77 <0.001
Women 17.32 17.53 17.30 17.09 16.81 0.028

Aspartate aminotransferase level, U/L
Men 32.18 30.92 29.96 29.57 29.31 <0.001
Women 26.80 26.51 26.02 25.82 25.53 0.001

�-Glutamyltransferase level, �kat/L§
Men 0.53 0.56 0.56 0.53 0.51 <0.001
Women 0.29 0.33 0.31 0.32 0.29 <0.001

High-sensitivity C-reactive protein level, nmol/L§
Men 10.93 11.05 11.26 11.50 12.76 0.068
Women 13.56 13.20 12.22 12.00 11.01 <0.001

Glycated hemoglobin level, %‡
Men 5.50 5.50 5.50 5.50 5.50 0.028
Women 5.50 5.40 5.40 5.40 5.40 0.007

High-density lipoprotein cholesterol level‡
Men 0.25

mmol/L 1.31 1.32 1.30 1.29 1.28
mg/dL 50.65 50.81 50.37 49.81 49.50

Women 0.001
mmol/L 1.60 1.62 1.62 1.61 1.62
mg/dL 61.64 62.71 62.62 62.24 62.47

Lipoprotein(a), �mol/L§
Men 14.28 14.49 14.62 14.06 13.89 0.24
Women 12.93 12.39 12.06 12.25 11.14 0.002

* Multivariable means were adjusted for country, smoking status (never, former, current, or missing), age (continuous), body mass index (<22,
22–24.9, 25–29.9, 30–34.9, or ≥35 kg/m2), alcohol consumption (in grams per day [continuous]), and total energy intake (in kilocalories per day
[continuous]). Trend tests across exposure groups were calculated by entering the category variables into the models as continuous terms.
† Based on country-specific quartiles of coffee consumption after exclusion of nonconsumers. Quartile cutoffs were 500, 900, and 1300 mL/d in
Denmark; 151, 277, and 437 mL/d in France; 262, 404, and 580 mL/d in Germany; 60, 90, and 130 mL/d in Italy; 447, 536, and 768 mL/d in the
Netherlands; 50, 110, and 200 mL/d in Spain; 321, 455, and 611 mL/d in Sweden; and 192, 477, and 855 mL/d in the United Kingdom.
‡ Arithmetic mean.
§ Geometric mean.
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of ALP, AST, GGT, and CRP were associated with all-
cause mortality when the highest and lowest quartiles
were compared (Appendix Figure 1). Higher serum lev-
els of albumin and ALT were associated with lower all-
cause mortality.

DISCUSSION
In this analysis of a multinational European popula-

tion, higher consumption of coffee was associated with
lower risk for death, particularly that due to digestive
and circulatory diseases. The inverse association with
all-cause mortality was generally apparent for both caf-
feinated and decaffeinated coffee. Coffee drinking was
also associated with variation in serum biomarkers of
liver function, inflammation, insulin sensitivity, and
blood lipids, adding biological plausibility to the po-
tential protective effects of coffee on common health
outcomes.

Consistent with the current investigation, prospec-
tive studies in Japan and the United States have found
inverse associations between coffee consumption and
all-cause mortality (10–12, 15, 16, 24). Previous Euro-
pean studies were much smaller and were done in in-
dividual countries, where coffee intake and preparation
methods are relatively homogeneous. In contrast, our
analysis of EPIC data from 10 European countries with
almost 42 000 documented deaths better captured dif-
ferent coffee preparation methods and customs. Simi-
lar to the findings from the analysis of the National In-
stitutes of Health-AARP cohort (10), our observed
inverse association between coffee consumption and
all-cause mortality was consistent across subgroups
based on lifestyle, anthropometric, and dietary vari-
ables and was apparent for both caffeinated and decaf-
feinated coffee. The findings for both types of coffee
should, however, be interpreted cautiously because
not all EPIC centers collected data on decaffeinated
coffee consumption. Furthermore, the analyses may
have been contaminated by participants habitually con-
suming both types. Nevertheless, in sensitivity analyses
where consumers of only caffeinated or decaffeinated
coffee were analyzed, the associations were essentially
unaltered.

Our results revealed a strong inverse association
between coffee consumption and liver disease mortal-
ity. Previous studies have reported inverse associations
between coffee drinking and both alcoholic and nonal-
coholic cirrhosis (25–27). The results of our study, which
had the largest number of liver disease cases to date,
are consistent with these smaller studies. Serum levels
of several indicators of altered hepatic function, includ-
ing ALP, ALT, AST, and GGT, were lower among coffee
drinkers than non–coffee drinkers and those with low
consumption in the current analysis. This is consistent
with prior data (25, 28) and suggests that coffee may
have beneficial effects on hepatic function and health.
Experimental evidence suggests that caffeine has anti-
fibrogenic effects on hepatocytes and hepatic stellate
cells by lowering proliferation, stimulating apoptosis,
and inhibiting adhesion (29–31). Coffee has also been

shown to impede progression of fatty liver disease by
reducing fat accumulation, oxidative stress, and liver
inflammation in murine models (32), and a possible
beneficial role of coffee in liver disease progression in
patients with hepatitis C has also been reported (33).

The observed inverse associations between coffee
drinking and circulatory disease mortality are also con-
sistent with the prior National Institutes of Health-AARP
analysis (10). This relationship was stronger among
women than men, with the difference between sexes
driven by a strong inverse association with cerebrovas-
cular mortality risk in women, a finding consistent with
previous studies that reported lower incidence of
stroke in women who drank coffee (34, 35). Of note,
our analysis showed that levels of HDL-C, which has
been inversely related to risk for stroke and other cir-
culatory disease outcomes (36), were higher among
coffee drinkers than nondrinkers in women but not
men. Furthermore, among women only, levels of lipo-
protein(a), CRP, and HbA1c—which have been positively
associated with cardiovascular disease outcomes (37–
40)—were generally lower among coffee drinkers than
nondrinkers. Given that the inverse relationship be-
tween coffee drinking and circulatory disease mortality
was stronger in women, we hypothesize that this asso-
ciation might be driven by sex-specific beneficial ef-
fects of coffee on lipid, inflammatory, and metabolic
profiles.

Of note, we observed a positive association be-
tween coffee drinking and overall cancer mortality
among women in this population. This was driven pri-
marily by a statistically significant positive association
between coffee consumption and ovarian cancer mor-
tality. To our knowledge, there is no prevailing hypoth-
esis as to why coffee drinking should increase the risk
for death specifically from ovarian cancer. Although this
result may be spurious and requires follow-up in addi-
tional studies on ovarian cancer survival, we note that a
positive association between coffee consumption and
ovarian cancer incidence has previously been observed
(41), although other prospective studies did not report
similar relationships (42, 43).

We also found a statistically significant inverse rela-
tionship between coffee consumption and suicide for
men but not women. Coffee consumption was previ-
ously reported to be associated with lower suicide risk
in a pooled analysis of 2 U.S. cohorts (44), whereas a
Finnish study reported higher suicide risk among per-
sons with high consumption (45). Our analysis included
only 418 suicides, and we lacked information on other
factors related to suicide risk, such as antidepressant
medication use and mental health status, which may
have confounded the relationship between coffee
drinking and suicide.

Our prospective study was the largest to date to
investigate the relationship between coffee consump-
tion and mortality, and we controlled for important po-
tential confounding factors. However, we recognize
that the associations may be biased due to residual
confounding. In our analyses, smoking was the most
influential confounder of the relationship between cof-
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fee drinking and mortality. However, the large number
of participants and recorded deaths allowed us to re-
strict our analyses to never-smokers. Although we can-
not exclude residual confounding as a potential expla-
nation of our findings, we found limited evidence that
our findings resulted from confounding bias due to
smoking or other established risk factors for death. Re-
verse causality, whereby participants experiencing
early disease symptoms at baseline may have recorded
lower coffee consumption, may also have been a
source of bias in our analysis. However, we excluded
participants who reported previous ill health. Further-
more, similar associations were observed when the
analyses were limited to participants who reported be-
ing in “excellent” or “good” health at baseline and
when participants who died during the first 5 and 8
years of follow-up were excluded. An additional limita-
tion is that coffee consumption was assessed only at
baseline, and changes in consumption may have oc-
curred during follow-up. However, other studies in
Western populations that measured diet repeatedly
during follow-up found relatively stable coffee con-
sumption patterns over time, indicating that a single
assessment likely captures medium- to long-term drink-
ing habits (11). Finally, because coffee drinking was
self-reported, some measurement error is likely.

In summary, our results suggest that higher levels
of coffee drinking are associated with lower risk for
death from various causes, specifically digestive and
circulatory diseases. The consistency of the results of
this European study versus those from other cohort
studies around the world, as well as biomarker data
indicating that coffee drinkers have a more favorable
liver function and inflammatory biomarker profile than
non–coffee drinkers or those with low consumption,
support the hypothesis that coffee may confer health
benefits. Because coffee consumption is so widespread
and intakes are modifiable, its potentially beneficial
clinical implications should be carefully considered.
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Sweden; Umeå University, Umeå, Sweden; Swedish University
of Agricultural Sciences, Uppsala, Sweden; University of
Tromsø, The Arctic University of Norway, Tromsø, Norway;
and National Cancer Institute, Bethesda, Maryland.

Note: All authors had full access to all of the data (including
statistical reports and tables) in the study and take responsi-
bility for the integrity of the data and the accuracy of the data
analysis. The authors are not affiliated with the listed funding
institutions. Drs. Gunter and Murphy act as the guarantors of
this article.

Acknowledgment: The authors thank the EPIC participants
and staff for their valuable contribution to this research and
Nicola Kerrison (MRC Epidemiology Unit, University of Cam-
bridge) for managing the data for the InterAct Project.

Financial Support: The coordination of EPIC is financially sup-
ported by the European Commission Directorate-General
for Health and Consumers and the International Agency for
Research on Cancer. The national cohorts are supported by
the Danish Cancer Society (Denmark); Ligue Contre le Can-
cer, Institut Gustave Roussy, Mutuelle Générale de l’Education
Nationale, and Institut National de la Santé et de la Recherche
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Kühn, H. Boeing, A. Tjønneland, K. Overvad, A. Agudo, M.J.
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APPENDIX 1: ADDITIONAL DETAILS ON STUDY

POPULATION
Participants were recruited from 23 study centers in

10 European countries: Denmark (Aarhus and Copen-
hagen), France, Germany (Heidelberg and Potsdam),
Greece, Italy (Florence, Naples, Ragusa, Turin, and Va-
rese), the Netherlands (Bilthoven and Utrecht), Norway
(Tromsø), Spain (Asturias, Granada, Murcia, Navarra,
and San Sebastián), Sweden (Malmö and Umeå), and
the United Kingdom (Cambridge and Oxford). Partici-
pants were recruited from the general population of
their respective countries, with the following excep-
tions: The French cohort comprised teacher health in-
surance program members; the Italian and Spanish co-
horts included members of blood donor associations
and the general population; the Utrecht (the Nether-
lands) and Florence (Italy) cohorts comprised partici-
pants from mammographic screening programs; the
Oxford (United Kingdom) cohort included a large pro-
portion of vegetarians, vegans, and persons with low
consumption of meat; and the France, Norway, Naples
(Italy), and Utrecht (the Netherlands) cohorts included
only women. All study participants provided written in-
formed consent.

APPENDIX 2: SENSITIVITY ANALYSIS TO ASSESS

POSSIBLE EFFECT OF AN UNMEASURED

CONFOUNDER ON OBSERVED RELATIONSHIP

BETWEEN COFFEE CONSUMPTION AND

ALL-CAUSE MORTALITY
Compared with nonconsumers, statistically signifi-

cantly lower all-cause mortality was observed among

participants in the highest quartile of coffee consump-
tion (men: HR, 0.88 [CI, 0.82 to 0.95]; P for trend <
0.001; women: HR, 0.93 [CI, 0.87 to 0.98]; P for trend =
0.009). When both sexes were combined, an HR of
0.91 (CI, 0.87 to 0.95) was observed for the high-
consumption group compared with nonconsumers. In
this sensitivity analysis to assess the possible effect of
unmeasured confounding, using the method described
by Ding and VanderWeele (21), the association (HR)
between the confounder and all-cause mortality varied
from 0.50 to 2.50, and the prevalence of the con-
founder between non–coffee drinkers and those in the
highest quartile of coffee consumption varied from
�50% to 50% (Appendix Table 11).

How an unmeasured confounder would influence
the relationship between coffee and all-cause mortality
depends on whether it is a positive or negative con-
founder. A positive confounder is a variable that is ei-
ther positively associated with both coffee consump-
tion and all-cause mortality or negatively associated
with coffee consumption and all-cause mortality. Statis-
tical adjustment for such a positive confounder would
result in a lower HR than a crude unadjusted HR. A
negative confounder is a variable that is either nega-
tively associated with coffee consumption and posi-
tively associated with all-cause mortality or positively
associated with coffee consumption and negatively as-
sociated with risk for all-cause death. Such an unmea-
sured confounder has the potential to attenuate the ob-
served relationship between coffee consumption and
all-cause mortality. As an example, an unmeasured
negative confounder would need to have a greater
than 20% difference in prevalence between noncon-
sumers and those in the highest quartile of coffee con-
sumption and an HR for all-cause mortality less than
0.75 to attenuate the upper CI limit for the association
between coffee and mortality to above 1.00.

For example, physical activity has been consistently
related to lower risk for all-cause death. In the current
EPIC study, compared with being physically inactive,
being physically active was related to a 20% (HR, 0.80
[CI, 0.76 to 0.82]) lower risk for all-cause death in the
model with sexes combined. The prevalence of being
physically active was 19.2% in the highest quartile of
coffee consumption and 5.7% among nonconsumers (a
difference of 13.5 percentage points).
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Appendix Table 1. Analytic Methods Used to Measure Liver Function, Circulatory Disease, and Metabolic Biomarkers*

Biomarker Serum/Plasma Assay Name Assay Type Analyzer

Liver function
Albumin Serum, except Umeå (plasma) Cobas Enzymatic colorimetric Roche Hitachi Modular P
Alkaline phosphatase Serum, except Umeå (plasma) Cobas Enzymatic colorimetric Roche Hitachi Modular P
Alanine aminotransferase Serum, except Umeå (plasma) Cobas Enzymatic UV test Roche Hitachi Modular P
Aspartate aminotransferase Serum, except Umeå (plasma) Cobas Enzymatic UV test Roche Hitachi Modular P
�-Glutamyltransferase Serum, except Umeå (plasma) Cobas Enzymatic colorimetric Roche Hitachi Modular P

Circulatory disease and
metabolic

Glycated hemoglobin Erythrocyte fraction Tosoh (HLC-723G8) Ion exchange high-performance liquid
chromatography

Tosoh G8

High-density lipoprotein
cholesterol

Serum, except Umeå (plasma) Cobas Homogeneous enzymatic colorimetric
test

Roche Hitachi Modular P

Lipoprotein(a) Serum, except Umeå (plasma) Cobas Immunoturbidimetric assay Roche Hitachi Modular P
High-sensitivity C-reactive

protein
Serum, except Umeå (plasma) Cobas Particle-enhanced immunoturbidimetric

assay
Roche Hitachi Modular P

* Samples were taken over approximately 1 y. Batch size varied depending on the given capacity, and Westgard rules were applied.

Appendix Table 2. Descriptive Information on EPIC Participant Countries

Country Participants, n Person-Years All-Cause
Deaths, n

Median Coffee Intake (5th–95th
Percentile), mL/d*

Men Women Men Women Men Women Men Women

Denmark 23 864 27 329 380 989 451 251 4566 3435 900 (86–1600) 900 (86–1600)
France – 65 566 – 1 260 077 – 4141 – 280 (32–821)
Germany 19 203 26 229 266 471 360 631 1709 998 427 (30–1050) 392 (39–939)
Greece 9361 13 653 100 715 155 158 916 761 175 (16–550) 140 (14–480)
Italy 13 427 29 518 212 546 453 989 895 1302 91 (30–214) 93 (30–230)
Norway – 33 341 – 462 605 – 1086 – 420 (60–960)
Spain 13 962 23 359 255 654 435 509 1705 1212 100 (2–300) 118 (2–400)
Sweden 20 891 25 606 373 548 470 767 4171 3363 438 (100–1013) 400 (100–986)
The Netherlands 9262 25 807 155 184 432 359 731 2347 625 (107–1250) 500 (125–1000)
United Kingdom 20 692 50 673 340 564 855 520 3609 4746 475 (4–1140) 380 (4–1140)
All 130 662 321 081 2 085 672 5 337 865 18 302 23 391 380 (16–1300) 300 (11–1000)

EPIC = European Prospective Investigation into Cancer and Nutrition.
* Among coffee drinkers only.
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Appendix Table 3. Multivariable Associations of Daily Caffeinated Coffee Consumption and All-Cause and Cause-Specific
Mortality*

Variable Caffeinated Coffee Consumption† P Value
for
TrendNonconsumers Quartile 1

(Low)
Quartile 2
(Medium-Low)

Quartile 3
(Medium-High)

Quartile 4
(High)

All-cause mortality
Men 1.00 (reference) 0.99 (0.92–1.06) 0.97 (0.91–1.04) 0.93 (0.86–0.99) 0.96 (0.88–1.03) 0.04
Women 1.00 (reference) 0.93 (0.87–0.99) 0.88 (0.83–0.94) 0.89 (0.83–0.95) 0.90 (0.84–0.97) 0.002

Cancer (ICD-10 codes C00–D48)
Men 1.00 (reference) 0.93 (0.83–1.05) 1.05 (0.94–1.18) 0.97 (0.87–1.10) 1.05 (0.93–1.19) 0.17
Women 1.00 (reference) 0.98 (0.89–1.09) 0.99 (0.90–1.11) 1.03 (0.93–1.14) 1.07 (0.96–1.19) 0.06

Circulatory diseases (ICD-10 codes I00–I99)
Men 1.00 (reference) 1.04 (0.91–1.20) 0.95 (0.83–1.08) 0.89 (0.78–1.03) 0.93 (0.80–1.09) 0.02
Women 1.00 (reference) 0.92 (0.80–1.06) 0.77 (0.67–0.88) 0.77 (0.67–0.89) 0.85 (0.72–0.99) 0.001

Cerebrovascular diseases (ICD-10 codes
I60–I69)

Men 1.00 (reference) 0.91 (0.67–1.24) 0.83 (0.62–1.12) 0.82 (0.60–1.12) 0.67 (0.46–0.96) 0.02
Women 1.00 (reference) 0.84 (0.67–1.06) 0.78 (0.63–0.98) 0.72 (0.57–0.92) 0.78 (0.59–1.03) 0.02

Ischemic heart diseases (ICD-10 codes I20–I25)
Men 1.00 (reference) 1.16 (0.95–1.42) 1.00 (0.82–1.22) 0.99 (0.82–1.22) 1.10 (0.89–1.36) 0.75
Women 1.00 (reference) 1.02 (0.80–1.31) 0.82 (0.64–1.05) 0.72 (0.56–0.93) 0.85 (0.64–1.12) 0.002

Digestive diseases (ICD-10 codes K00–K93)‡
Men 1.00 (reference) 1.06 (0.81–1.37) 0.46 (0.33–0.64) 0.49 (0.35–0.70) <0.001
Women 1.00 (reference) 0.90 (0.70–1.16) 0.71 (0.53–0.94) 0.52 (0.34–0.77) 0.001

Respiratory diseases (ICD-10 codes J30–J98)‡
Men 1.00 (reference) 0.69 (0.51–0.93) 0.85 (0.65–1.13) 0.99 (0.73–1.36) 0.48
Women 1.00 (reference) 0.91 (0.72–1.16) 0.80 (0.62–1.03) 0.89 (0.66–1.18) 0.15

External causes (ICD-10 codes S00–Y98)‡
Men 1.00 (reference) 1.11 (0.87–1.43) 0.92 (0.71–1.19) 1.05 (0.80–1.38) 0.99
Women 1.00 (reference) 0.86 (0.66–1.12) 0.98 (0.75–1.29) 0.91 (0.65–1.28) 0.59

Suicide (ICD-10 codes X60–X84)‡
Men 1.00 (reference) 1.23 (0.75–1.99) 0.70 (0.41–1.20) 0.67 (0.39–1.17) 0.11
Women 1.00 (reference) 1.31 (0.78–2.21) 0.84 (0.47–1.53) 1.22 (0.66–2.25) 0.78

ICD-10 = International Classification of Diseases, 10th Revision.
* Multivariable models used Cox regression with adjustment for body mass index (<22, 22–24.9, 25–29.9, 30–34.9, or ≥35 kg/m2); physical activity
(inactive, moderately inactive, moderately active, or active); education (none, primary school, technical/professional school, secondary school,
higher education [including university], or not specified); alcohol consumption (0, <5, 5–14.9, 15–29.9, or ≥30 g/d); smoking status and intensity
(never, current [1–15, 16–25, or ≥26 cigarettes per day], former [≤10, 11–<20, or ≥20 y since quitting], current pipe/cigar/occasional smoking,
current vs. former, missing, or unknown); smoking duration (<10, 10–<20, 20–<30, 30–<40, or ≥40 y or unknown); ever-use of contraceptive pill
(yes, no, or unknown); menopausal status (premenopausal, postmenopausal, perimenopausal, surgically postmenopausal, or unknown); ever-use of
menopausal hormone therapy (yes, no, or unknown); and intake of total energy (in kilocalories per day), red and processed meat (in grams per day),
and fruits and vegetables (in grams per day) (all continuous), with stratification by age (1-y categories) and center.
† Values are hazard ratios (95% CIs). Categories were based on country-specific quartiles of caffeinated coffee consumption after exclusion of
nonconsumers. Quartile cutoffs were 261, 320, and 573 mL/d in Germany; 11, 170, and 340 mL/d in Greece; 51, 85, and 120 mL/d in Italy; 225, 450,
and 675 mL/d in the Netherlands; 300, 420, and 540 mL/d in Norway; 2, 4, and 50 mL/d in Spain; 300, 450, and 685 mL/d in Sweden; and 14, 190,
and 475 mL/d in the United Kingdom.
‡ Reference category merged with low consumption (quartile 1) due to low case numbers among nonconsumers.
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Appendix Table 4. Multivariable Associations of Daily Decaffeinated Coffee Consumption and All-Cause and Cause-Specific
Mortality*

Variable Decaffeinated Coffee Consumption† P Value
for Trend

Nonconsumers Quartile 1
(Low)

Quartile 2
(Medium-Low)

Quartile 3
(Medium-High)

Quartile 4
(High)

All-cause mortality
Men 1.00 (reference) 0.90 (0.82–1.00) 0.85 (0.74–0.98) 0.88 (0.80–0.97) 0.91 (0.84–0.99) 0.01
Women 1.00 (reference) 0.99 (0.92–1.08) 0.96 (0.87–1.07) 1.01 (0.92–1.10) 0.93 (0.86–0.99) 0.04

Cancer (ICD-10 codes C00–D48)
Men 1.00 (reference) 0.92 (0.78–1.08) 0.88 (0.72–1.08) 0.97 (0.83–1.13) 0.90 (0.79–1.04) 0.25
Women 1.00 (reference) 0.95 (0.84–1.07) 0.96 (0.82–1.11) 1.04 (0.91–1.18) 0.92 (0.82–1.04) 0.57

Circulatory diseases (ICD-10 codes I00–I99)
Men 1.00 (reference) 0.84 (0.69–1.03) 0.69 (0.52–0.93) 0.78 (0.63–0.96) 0.89 (0.75–1.05) 0.09
Women 1.00 (reference) 0.97 (0.82–1.15) 1.02 (0.81–1.29) 1.02 (0.85–1.22) 0.95 (0.81–1.11) 0.66

Cerebrovascular diseases (ICD-10 codes
I60–I69)

Men 1.00 (reference) 0.96 (0.60–1.53) 1.39 (0.72–2.69) 0.82 (0.49–1.36) 0.98 (0.66–1.46) 0.77
Women 1.00 (reference) 0.95 (0.72–1.26) 1.16 (0.78–1.74) 1.34 (1.00–1.78) 1.13 (0.88–1.45) 0.04

Ischemic heart diseases (ICD-10 codes I20–I25)
Men 1.00 (reference) 0.73 (0.55–0.97) 0.71 (0.48–1.07) 0.75 (0.56–1.01) 0.86 (0.68–1.08) 0.24
Women 1.00 (reference) 1.11 (0.81–1.52) 1.11 (0.72–1.70) 0.88 (0.62–1.26) 0.85 (0.64–1.14) 0.06

Digestive diseases (ICD-10 codes K00–K93)‡
Men 1.00 (reference) 1.17 (0.61–2.23) 1.04 (0.66–1.65) 0.44 (0.25–0.76) 0.02
Women 1.00 (reference) 0.69 (0.39–1.24) 1.07 (0.72–1.59) 0.99 (0.73–1.35) 0.99

Respiratory diseases (ICD-10 codes J30–J98)‡
Men 1.00 (reference) 1.20 (0.57–2.52) 0.83 (0.48–1.44) 0.93 (0.62–1.41) 0.61
Women 1.00 (reference) 1.00 (0.64–1.57) 0.87 (0.58–1.31) 0.77 (0.56–1.06) 0.11

External causes (ICD-10 codes S00–Y98)‡
Men 1.00 (reference) 0.90 (0.50–1.61) 0.73 (0.47–1.15) 1.32 (0.95–1.85) 0.52
Women 1.00 (reference) 0.82 (0.47–1.41) 0.99 (0.66–1.49) 0.83 (0.58–1.17) 0.34

Suicide (ICD-10 codes X60–X84)‡
Men 1.00 (reference) 0.80 (0.24–2.66) 1.48 (0.75–2.89) 1.64 (0.88–3.08) 0.10
Women 1.00 (reference) 0.67 (0.23–1.96) 1.58 (0.79–3.15) 1.47 (0.79–2.74) 0.15

ICD-10 = International Classification of Diseases, 10th Revision.
* Multivariable models used Cox regression with adjustment for body mass index (<22, 22–24.9, 25–29.9, 30–34.9, or ≥35 kg/m2); physical activity
(inactive, moderately inactive, moderately active, or active); education (none, primary school, technical/professional school, secondary school,
higher education [including university], or not specified); alcohol consumption (0, <5, 5–14.9, 15–29.9, or ≥30 g/d); smoking status and intensity
(never, current [1–15, 16–25, or ≥26 cigarettes per day], former [≤10, 11–<20, or ≥20 y since quitting], current pipe/cigar/occasional smoking,
current vs. former, missing, or unknown); smoking duration (<10, 10–<20, 20–<30, 30–<40, or ≥40 y or unknown); ever-use of contraceptive pill
(yes, no, or unknown); menopausal status (premenopausal, postmenopausal, perimenopausal, surgically postmenopausal, or unknown); ever-use of
menopausal hormone therapy (yes, no, or unknown); and intake of total energy (in kilocalories per day), red and processed meat (in grams per day),
and fruits and vegetables (in grams per day) (all continuous), with stratification by age (1-y categories) and center.
† Values are hazard ratios (95% CIs). Categories were based on country-specific quartiles of decaffeinated coffee consumption after exclusion of
nonconsumers. Quartile cutoffs were 11, 52, and 269 mL/d in Germany; 1, 11, and 79 mL/d in Greece; 5, 10, and 32 mL/d in Italy; 50, 75, and 125
mL/d in the Netherlands; and 2, 13, and 82 mL/d in the United Kingdom.
‡ Reference category merged with low consumption (quartile 1) due to low case numbers among nonconsumers.
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Appendix Figure 1. Multivariable associations of serum liver function, circulatory disease, and metabolic biomarkers and
all-cause mortality (n = 1597 deaths) among men and women, using sex-specific quartiles.
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The multivariable model used Cox regression, with adjustment for body mass index (<22, 22–24.9, 25–29.9, 30–34.9, or ≥35 kg/m2), physical activity
(inactive, moderately inactive, moderately active, or active), education (none, primary school, technical or professional school, secondary school,
higher education [including university], or not specified), alcohol consumption (0, <5, 5–14.9, 15–29.9, or ≥30 g/d), smoking status (never, former,
current, or missing/unknown), ever-use of contraceptive pill (yes, no, or unknown), menopausal status (premenopausal, postmenopausal, perimeno-
pausal, surgically postmenopausal, or unknown), and ever-use of menopausal hormone therapy (yes, no, or unknown) and stratification by sex, age
(1-y categories), and center. The albumin multivariable model was also adjusted for serum levels of ALT, ALP, AST, and GGT (all continuous and
log-transformed). The ALP multivariable model was also adjusted for serum levels of ALT, AST, GGT, CRP, HDL-C, and total cholesterol (all
continuous and some log-transformed). The ALT multivariable model was also adjusted for serum levels of ALP, AST, GGT, CRP, HDL-C, and total
cholesterol (all continuous and some log-transformed). The AST multivariable model was also adjusted for serum levels of ALT, ALP, GGT, CRP,
HDL-C, and total cholesterol (all continuous and some log-transformed). The GGT multivariable model was also adjusted for serum levels of ALT,
ALP, AST, CRP, HDL-C, and total cholesterol (all continuous and some log-transformed). The CRP multivariable model was also adjusted for serum
levels of HDL-C and total cholesterol (both continuous and log-transformed). First and fourth quartile cut points were <45 to ≥50 g/L for men and
<44 to ≥49 g/L for women for albumin, <0.94 to ≥1.31 μkat/L for men and <0.87 to ≥1.29 μkat/L for women for ALP, <19 to ≥33 U/L for men and
<14 to ≥23 U/L for women for ALT, <26 to ≥35 U/L for men and <23 to ≥31 U/L for women for AST, <0.35 to ≥0.75 μkat/L for men and <0.23 to

(Continued on following page)
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≥0.42 μkat/L for women for GGT, <5.14 to ≥20.57 nmol/L for men and <5.05 to ≥22.57 nmol/L for women for CRP, <5.2% to ≥5.7% for men and
<5.3% to ≥5.7% for women for HbA1c, <1.2 to ≥1.6 mmol/L for men and <1.4 to ≥2.0 mmol/L for women for HDL-C, and <8.35 to ≥25.49 μmol/L
for men and <6.57 to ≥23.03 μmol/L for women for lipoprotein(a). Trend tests across exposure groups were done by entering the category variables
into the models as continuous terms. ALP = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate aminotransferase; CRP =
high-sensitivity C-reactive protein; GGT = �-glutamyltransferase; HbA1c = glycated hemoglobin; HDL-C = high-density lipoprotein cholesterol;
Q1 = first quartile; Q2 = second quartile; Q3 = third quartile; Q4 = fourth quartile.
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Appendix Table 5. Associations of Daily Coffee Consumption and Overall and Individual Cancer Mortality*

Variable Deaths, n Coffee Consumption† P Value
for Trend

Nonconsumers Quartile 1
(Low)

Quartile 2
(Medium-Low)

Quartile 3
(Medium-High)

Quartile 4
(High)

Cancer (ICD-10 codes C00–D48)
Both sexes 18 003 1.00 (reference) 0.97 (0.91–1.04) 1.02 (0.95–1.09) 0.99 (0.92–1.07) 1.07 (0.99–1.15) 0.002
Men 7614 1.00 (reference) 0.92 (0.82–1.03) 0.97 (0.86–1.08) 0.92 (0.82–1.03) 0.99 (0.88–1.11) 0.45
Women 10 389 1.00 (reference) 1.00 (0.92–1.10) 1.05 (0.96–1.15) 1.04 (0.95–1.14) 1.12 (1.02–1.23) 0.001

Stomach cancer (ICD-10 code C16)‡
Both sexes 622 1.00 (reference) 1.07 (0.87–1.33) 0.74 (0.59–0.94) 1.06 (0.84–1.34) 0.50
Men 345 1.00 (reference) 1.10 (0.83–1.45) 0.72 (0.52–0.99) 1.15 (0.85–1.57) 0.90
Women 277 1.00 (reference) 1.06 (0.77–1.45) 0.78 (0.55–1.10) 0.93 (0.65–1.34) 0.40

Colorectal cancer (ICD-10 codes
C18–C20)

Both sexes 2095 1.00 (reference) 0.92 (0.75–1.13) 1.07 (0.87–1.32) 1.01 (0.82–1.25) 1.14 (0.92–1.42) 0.01
Men 917 1.00 (reference) 0.82 (0.60–1.11) 0.93 (0.68–1.26) 0.84 (0.61–1.14) 1.00 (0.73–1.37) 0.36
Women 1178 1.00 (reference) 1.00 (0.76–1.32) 1.21 (0.91–1.60) 1.19 (0.89–1.57) 1.28 (0.96–1.71) 0.006

Upper aerodigestive tract cancer‡
Both sexes 629 1.00 (reference) 1.04 (0.84–1.30) 0.92 (0.73–1.14) 0.95 (0.76–1.20) 0.54
Men 408 1.00 (reference) 0.94 (0.72–1.23) 0.73 (0.56–0.97) 0.80 (0.60–1.07) 0.04
Women 221 1.00 (reference) 1.27 (0.86–1.85) 1.34 (0.92–1.95) 1.27 (0.85–1.91) 0.14

Liver cancer (ICD-10 code C22)‡
Both sexes 421 1.00 (reference) 0.62 (0.48–0.82) 0.72 (0.55–0.93) 0.56 (0.41–0.77) <0.001
Men 224 1.00 (reference) 0.64 (0.45–0.92) 0.71 (0.50–1.01) 0.54 (0.36–0.81) 0.002
Women 197 1.00 (reference) 0.60 (0.41–0.89) 0.73 (0.50–1.07) 0.61 (0.38–0.97) 0.01

Pancreatic cancer (ICD-10 code C25)‡
Both sexes 1375 1.00 (reference) 1.05 (0.91–1.21) 1.00 (0.87–1.16) 1.01 (0.86–1.18) 0.92
Men 567 1.00 (reference) 1.01 (0.81–1.27) 0.97 (0.77–1.22) 0.98 (0.76–1.26) 0.82
Women 808 1.00 (reference) 1.07 (0.89–1.30) 1.02 (0.85–1.24) 1.02 (0.82–1.26) 0.78

Lung cancer (ICD-10 code C34)
Both sexes 3304 1.00 (reference) 0.83 (0.69–0.99) 0.87 (0.72–1.05) 0.92 (0.77–1.10) 1.09 (0.91–1.30) <0.001
Men 1688 1.00 (reference) 0.67 (0.52–0.86) 0.75 (0.59–0.96) 0.80 (0.63–1.02) 0.95 (0.74–1.21) 0.001
Women 1616 1.00 (reference) 1.03 (0.79–1.35) 1.03 (0.78–1.35) 1.06 (0.81–1.39) 1.26 (0.96–1.65) 0.01

Breast cancer (ICD-10 code C50)
Women 1402 1.00 (reference) 0.89 (0.71–1.12) 0.91 (0.72–1.16) 0.94 (0.74–1.19) 0.80 (0.62–1.02) 0.22

Endometrial cancer (ICD-10 code C54)‡
Women 160 1.00 (reference) 0.93 (0.61–1.41) 0.95 (0.63–1.45) 0.69 (0.40–1.16) 0.28

Ovarian cancer (ICD-10 code C56)‡
Women 848 1.00 (reference) 1.21 (1.00–1.46) 1.11 (0.92–1.35) 1.31 (1.07–1.61) 0.02

Prostate cancer (ICD-10 code C61)‡
Men 907 1.00 (reference) 1.04 (0.87–1.24) 1.01 (0.84–1.21) 1.03 (0.84–1.27) 0.80

Kidney cancer (ICD-10 code C64)‡
Both sexes 360 1.00 (reference) 0.89 (0.66–1.21) 1.18 (0.89–1.56) 1.23 (0.91–1.68) 0.15
Men 199 1.00 (reference) 0.94 (0.62–1.41) 1.14 (0.78–1.68) 1.21 (0.81–1.83) 0.33
Women 161 1.00 (reference) 0.82 (0.52–1.31) 1.21 (0.80–1.82) 1.23 (0.77–1.96) 0.32

Bladder cancer (ICD-10 code C67)‡
Both sexes 396 1.00 (reference) 1.19 (0.91–1.56) 1.08 (0.82–1.42) 0.96 (0.70–1.31) 0.94
Men 268 1.00 (reference) 1.52 (1.09–2.14) 1.27 (0.90–1.79) 1.15 (0.78–1.68) 0.30
Women 128 1.00 (reference) 0.75 (0.46–1.20) 0.82 (0.51–1.31) 0.69 (0.39–1.21) 0.16

ICD-10 = International Classification of Diseases, 10th Revision.
* Multivariable model used Cox regression with adjustment for body mass index (<22, 22–24.9, 25–29.9, 30–34.9, or ≥35 kg/m2); physical activity
(inactive, moderately inactive, moderately active, or active); education status (none, primary school, technical/professional school, secondary school,
higher education [including university], or not specified); alcohol consumption (0, <5, 5–14.9, 15–29.9, or ≥30 g/d); smoking status and intensity
(never, current [1–15, 16–25, or ≥26 cigarettes per day], former [≤10, 11–<20, or ≥20 y since quitting], current pipe/cigar/occasional smoking,
current vs. former, missing, or unknown); smoking duration (<10, 10–<20, 20–<30, 30–<40, or ≥40 y or unknown); and intake of total energy (in
kilocalories per day), red and processed meat (in grams per day), and fruits and vegetables (in grams per day) (all continuous), with stratification by
age (1-y categories) and center.
† Values are hazard ratios (95% CIs).
‡ Reference category merged with low consumption (quartile 1) due to low case numbers among nonconsumers.
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Appendix Table 6. Associations of Daily Coffee Consumption and Cause-Specific Mortality, by Smoking Status*

Stratification Variable Men Women

Hazard Ratio (95% CI)
Per Cup Per Day

P Value for
Interaction

Hazard Ratio (95% CI)
Per Cup Per Day

P Value for
Interaction

Cancer
Full model 1.00 (0.99–1.02) 1.03 (1.01–1.04)
Smoking status 0.06 0.03

Never 0.95 (0.91–0.99) 1.01 (0.99–1.04)
Former 1.00 (0.97–1.03) 1.01 (0.98–1.05)
Current 1.01 (0.99–1.03) 1.03 (1.00–1.05)

Circulatory diseases
Full model 0.97 (0.95–0.99) 0.96 (0.94–0.99)
Smoking status 0.01 0.01

Never 0.96 (0.91–1.02) 0.93 (0.89–0.98)
Former 0.94 (0.91–0.98) 0.95 (0.90–0.99)
Current 0.98 (0.95–1.01) 0.98 (0.94–1.02)

Cerebrovascular diseases
Full model 0.94 (0.89–0.99) 0.94 (0.90–0.99)
Smoking status 0.46 0.13

Never 0.97 (0.87–1.08) 0.95 (0.88–1.02)
Former 0.93 (0.85–1.02) 0.86 (0.78–0.95)
Current 0.93 (0.86–1.01) 0.97 (0.90–1.04)

Ischemic heart diseases
Full model 0.99 (0.96–1.02) 0.94 (0.90–0.98)
Smoking status 0.51 0.003

Never 0.98 (0.91–1.06) 0.83 (0.76–0.91)
Former 0.97 (0.91–1.02) 0.97 (0.88–1.07)
Current 0.99 (0.95–1.04) 0.98 (0.92–1.05)

Digestive diseases
Full model 0.77 (0.72–0.81) 0.86 (0.81–0.92)
Smoking status 0.19 0.29

Never 0.71 (0.60–0.84) 0.90 (0.80–1.01)
Former 0.77 (0.68–0.86) 0.79 (0.68–0.92)
Current 0.76 (0.71–0.83) 0.83 (0.76–0.92)

Respiratory diseases
Full model 1.01 (0.96–1.06) 0.98 (0.94–1.03)
Smoking status <0.001 0.01

Never 0.74 (0.60–0.95) 0.86 (0.75–0.99)
Former 0.95 (0.87–1.04) 0.95 (0.85–1.06)
Current 1.05 (0.98–1.12) 0.99 (0.95–1.05)

External causes
Full model 0.96 (0.91–1.01) 0.98 (0.93–1.04)
Smoking status 0.57 0.46

Never 0.98 (0.88–1.09) 0.98 (0.89–1.08)
Former 0.96 (0.88–1.05) 1.00 (0.88–1.13)
Current 0.92 (0.86–1.00) 0.96 (0.87–1.06)

Suicide
Full model 0.90 (0.83–0.98) 0.97 (0.87–1.09)
Smoking status 0.19 0.18

Never 0.81 (0.66–1.00) 0.89 (0.70–1.11)
Former 0.86 (0.72–1.02) 1.06 (0.84–1.34)
Current 0.94 (0.84–1.06) 0.93 (0.79–1.10)

* Multivariable model used Cox regression with adjustment for body mass index (<22, 22–24.9, 25–29.9, 30–34.9, or ≥35 kg/m2); physical activity
(inactive, moderately inactive, moderately active, or active); education status (none, primary school, technical/professional school, secondary school,
higher education [including university], or not specified); alcohol consumption (0, <5, 5–14.9, 15–29.9, or ≥30 g/d); ever-use of contraceptive pill
(yes, no, or unknown); menopausal status (premenopausal, postmenopausal, perimenopausal, surgically postmenopausal, or unknown); ever-use of
menopausal hormone therapy (yes, no, or unknown); and intake of total energy (in kilocalories per day), red and processed meat (in grams per day),
and fruits and vegetables (in grams per day) (all continuous), with stratification by age (1-y categories) and center.
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Appendix Table 7. Associations of Daily Coffee Consumption and All-Cause Mortality, by Follow-up Time Categories*

All-Cause Mortality Coffee Consumption* P Value
for
Trend

P Value for
Heterogeneity

Nonconsumers Quartile 1
(Low)

Quartile 2
(Medium-Low)

Quartile 3
(Medium-High)

Quartile 4
(High)

Men
Full model† 1.00 (reference) 0.94 (0.87–1.00) 0.88 (0.82–0.95) 0.84 (0.78–0.90) 0.88 (0.82–0.95) <0.001
Follow-up†‡ 0.61

<5 y (n = 2651 deaths) 1.00 (reference) 1.03 (0.86–1.23) 0.89 (0.74–1.07) 0.82 (0.68–0.98) 0.90 (0.74–1.09) 0.002
5–<10 y (n = 4604 deaths) 1.00 (reference) 0.87 (0.76–0.99) 0.84 (0.73–0.96) 0.77 (0.67–0.89) 0.83 (0.72–0.95) 0.004
≥10 y (n = 11 047 deaths) 1.00 (reference) 0.94 (0.86–1.03) 0.90 (0.82–0.99) 0.87 (0.79–0.95) 0.90 (0.82–0.99) 0.004

Women
Full model† 1.00 (reference) 0.94 (0.89–0.99) 0.90 (0.85–0.95) 0.90 (0.85–0.95) 0.93 (0.87–0.98) 0.01
Follow-up†‡ 0.23

<5 y (n = 2596 deaths) 1.00 (reference) 0.93 (0.79–1.10) 0.91 (0.77–1.07) 0.88 (0.75–1.05) 0.97 (0.82–1.16) 0.82
5–<10 y (n = 5464 deaths) 1.00 (reference) 0.87 (0.78–0.97) 0.81 (0.72–0.90) 0.81 (0.72–0.90) 0.85 (0.75–0.95) 0.012
≥10 y (n = 15 331 deaths) 1.00 (reference) 0.97 (0.91–1.04) 0.93 (0.87–0.99) 0.94 (0.87–1.00) 0.95 (0.88–1.02) 0.11

* Values are hazard ratios (95% CIs). Categories were based on country-specific quartiles of coffee consumption after exclusion of nonconsumers.
Quartile cutoffs were 500, 900, and 1300 mL/d in Denmark; 150, 280, and 450 mL/d in France; 261, 395, and 580 mL/d in Germany; 70, 140, and
240 mL/d in Greece; 60, 92, and 138 mL/d in Italy; 375, 500, and 750 mL/d in the Netherlands; 300, 420, and 540 mL/d in Norway; 50, 105, and
196 mL/d in Spain; 300, 400, and 601 mL/d in Sweden; and 83, 380, and 488 mL/d in the United Kingdom.
† Multivariable model used Cox regression with adjustment for body mass index (<22, 22–24.9, 25–29.9, 30–34.9, or ≥35 kg/m2); physical activity
(inactive, moderately inactive, moderately active, or active); education status (none, primary school, technical/professional school, secondary school,
higher education [including university], or not specified); alcohol consumption (0, <5, 5–14.9, 15–29.9, or ≥30 g/d); smoking status and intensity
(never, current [1–15, 16–25, or ≥26 cigarettes per day], former [≤10, 11–<20, or ≥20 y since quitting], current pipe/cigar/occasional smoking,
current vs. former, missing, or unknown); smoking duration (<10, 10–<20, 20–<30, 30–<40, or ≥40 y or unknown); ever-use of contraceptive pill
(yes, no, or unknown); menopausal status (premenopausal, postmenopausal, perimenopausal, surgically postmenopausal, or unknown); ever-use of
menopausal hormone therapy (yes, no, or unknown); and intake of total energy (in kilocalories per day), red and processed meat (in grams per day),
and fruits and vegetables (in grams per day) (all continuous), with stratification by age (1-y categories) and center.
‡ Follow-up <5 y indicates that follow-up for all participants was censored after 5 y (i.e., only deaths occurring during the first 5 y were considered).
Follow-up of 5–<10 y indicates that only person-time and incident events that occurred during this period were included. Follow-up ≥10 y indicates
that person-time and incident events from the first 10 y of follow-up were excluded (i.e., only deaths that occurred after >10 y of follow-up were
included).
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Appendix Table 10. Associations of Daily Coffee Consumption and All-Cause and Cause-Specific Mortality Among Participants
Who Self-Reported Being in “Excellent” or “Good” Health at Baseline (n = 119 609)*

Variable for Both Sexes Deaths, n Coffee Consumption† P Value
for Trend

Nonconsumers Tertile 1 Tertile 2 Tertile 3

All-cause mortality 8643 1.00 (reference) 0.94 (0.86–1.02) 0.89 (0.81–0.97) 0.90 (0.82–0.99) 0.01
Cancer (ICD-10 codes C00–D48) 3717 1.00 (reference) 0.96 (0.83–1.11) 0.94 (0.81–1.09) 1.02 (0.88–1.19) 0.33
Circulatory diseases (ICD-10 codes I00–I99) 1839 1.00 (reference) 0.99 (0.82–1.20) 0.94 (0.77–1.14) 0.91 (0.75–1.12) 0.17
Respiratory diseases (ICD-10 codes J30–J98)‡ 194 1.00 (reference) 0.79 (0.55–1.12) 0.82 (0.56–1.20) 0.18
Digestive diseases (ICD-10 codes K00–K93)‡ 213 1.00 (reference) 0.50 (0.35–0.71) 0.50 (0.35–0.72) <0.001
External causes (ICD-10 codes S00–Y98)‡ 301 1.00 (reference) 0.98 (0.74–1.28) 0.79 (0.59–1.07) 0.19

ICD-10 = International Classification of Diseases, 10th Revision.
* Multivariable model used Cox regression with adjustment for body mass index (<22, 22–24.9, 25–29.9, 30–34.9, or ≥35 kg/m2); physical activity
(inactive, moderately inactive, moderately active, or active); education status (none, primary school, technical/professional school, secondary school,
higher education [including university], or not specified); alcohol consumption (0, <5, 5–14.9, 15–29.9, or ≥30 g/d); smoking status and intensity
(never, current [1–15, 16–25, or ≥26 cigarettes per day], former [≤10, 11–<20, or ≥20 y since quitting], current pipe/cigar/occasional smoking,
current vs. former, missing, or unknown); smoking duration (<10, 10–<20, 20–<30, 30–<40, or ≥40 y or unknown); ever-use of contraceptive pill
(yes, no, or unknown); menopausal status (premenopausal, postmenopausal, perimenopausal, surgically postmenopausal, or unknown); ever-use of
menopausal hormone therapy (yes, no, or unknown); and intake of total energy (in kilocalories per day), red and processed meat (in grams per day),
and fruits and vegetables (in grams per day) (all continuous), with stratification by age (1-y categories), sex, and center.
† Values are hazard ratios (95% CIs). Categories were based on country-specific tertiles of coffee consumption after exclusion of nonconsumers.
Data on self-reported health were available from participants from 5 countries: Germany, the Netherlands, Norway, Sweden, and the United
Kingdom. Participants in these countries were asked at recruitment to classify their health as excellent, good, moderate, or poor.
‡ Reference category merged with low consumption (tertile 1) due to low case numbers among nonconsumers.

Appendix Figure 2. Adjusted cumulative incidence of all-cause mortality, by coffee consumption categories among men and
women.

0.20

0.15

0.10

0.05

50 60

Age, y

Nonconsumers Q1 Q2 Q3 Q4

Men

C
um

ul
at

iv
e 

In
ci

de
nc

e

70 80

0.20

0.15

0.10

0.05

50 60

Age, y

Women

C
um

ul
at

iv
e 

In
ci

de
nc

e

70 80

Flexible parametric survival models were used to allow direct estimation of the conditional cumulative incidence and thus absolute risk for death by
sex and coffee consumption categories, with adjustment for body mass index (<22, 22–24.9, 25–29.9, 30–34.9, or ≥35 kg/m2); physical activity
(inactive, moderately inactive, moderately active, or active); education (none, primary school, technical or professional school, secondary school,
higher education [including university], or not specified); alcohol consumption (0, <5, 5–14.9, 15–29.9, or ≥30 g/d); smoking status and intensity
(never, current [1–15, 16–25, or ≥26 cigarettes per day], or former [≤10, 11–<20, or ≥20 years since quitting]; current pipe, cigar, or occasional
smoking; current vs. former; missing; or unknown); smoking duration (<10, 10–<20, 20–<30, 30–<40, or ≥40 years or unknown); ever-use of
contraceptive pill (yes, no, or unknown); menopausal status (premenopausal, postmenopausal, perimenopausal, surgically postmenopausal, or
unknown); ever-use of menopausal hormone therapy (yes, no, or unknown); and intake of total energy (in kilocalories per day), red and processed
meat (in grams per day), and fruits and vegetables (in grams per day) (all continuous), with stratification by age (1-y categories) and center. Within
these models, we used restricted cubic splines with 3 internal knots to model the baseline hazard, using attained age as the time scale. Model-
based survival functions and their CIs were obtained from fitted models by coffee consumption category and sex, with other categorical covariates
set to the most common category and continuous variables set to their sex-specific means. Categories were based on country-specific quartiles of
coffee consumption after exclusion of nonconsumers. Quartile cutoffs were 500, 900, and 1300 mL/d in Denmark; 150, 280, and 450 mL/d in
France; 261, 395, and 580 mL/d in Germany; 70, 140, and 240 mL/d in Greece; 60, 92, and 138 mL/d in Italy; 375, 500, and 750 mL/d in the
Netherlands; 300, 420, and 540 mL/d in Norway; 50, 105, and 196 mL/d in Spain; 300, 400, and 601 mL/d in Sweden; and 83, 380, and 488 mL/d
in the United Kingdom. Q1 = first quartile; Q2 = second quartile; Q3 = third quartile; Q4 = fourth quartile.
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