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Abstract
Objective: We aimed to use the meta-analysis method to assess the relationship
between coffee drinking and all-cause mortality.
Design: Categorical and dose–response meta-analyses were conducted using
random-effects models.
Setting:We systematically searched and identified eligible literature in the PubMed
and Scopus databases.
Subjects: Seventeen studies including 1 054 571 participants and 131 212 death
events from all causes were included in the present study.
Results: Seventeen studies were included and evaluated in the meta-analysis. A
U-shaped dose–response relationship was found between coffee consumption and
all-cause mortality (P for non-linearity <0·001). Compared with non/occasional coffee
drinkers, the relative risks for all-cause mortality were 0·89 (95% CI 0·85, 0·93) for
1–<3 cups/d, 0·87 (95% CI 0·83, 0·91) for 3–<5 cups/d and 0·90 (95% CI 0·87, 0·94)
for ≥5 cups/d, and the relationship was more marked in females than in males.
Conclusions: The present meta-analysis of prospective cohort studies indicated
that light to moderate coffee intake is associated with a reduced risk of death from
all causes, particularly in women.

Keywords
Meta-analysis

Coffee
All-cause mortality

Prospective cohort study

Coffee is one of the most popular beverages in the world
and the health-related effects of coffee have been fre-
quently studied. Habitual coffee drinking was reported to
be inversely related to the risks of type 2 diabetes(1) and
chronic liver disease(2). As a major dietary source of anti-
oxidants, coffee may also help to improve the resistance of
LDL to oxidation and reduce oxidative DNA damage(3).

Results from prospective cohort studies regarding the
association of habitual coffee drinking with all-cause
mortality were inconclusive(4–6). O’Keefe et al.(7) recom-
mended that moderate intake of coffee, tending towards
two or three to as many as four cups daily, would be a
better choice for keeping healthy rather than excessive
coffee consumption. Besides, the association of coffee
intake with all-cause mortality may differ between men
and women. Lopez-Garcia et al.(8) observed that the sig-
nificant inverse association of coffee drinking with total
mortality was attenuated in men when compared with that
in women. Similar results were also found in another large
cohort study(9). A recent meta-analysis of prospective
cohort studies suggested that moderate coffee intake was
associated with a lower risk of CHD in female drinkers but

not in men(10). However, the health-related effects of coffee
may not always be in favour of women. Ascherio et al.(11)

reported that coffee consumption was associated with
reduced mortality from Parkinson’s disease in men but not in
women due to the interaction between caffeine and use of
postmenopausal oestrogens. Therefore, we conducted a
meta-analysis of prospective cohort studies to investigate the
association of coffee consumption with all-cause mortality
and further to elucidate whether this association varied
between male and female coffee drinkers.

Methods

Literature search
Two investigators (Y.Z. and K.W.) independently per-
formed a literature search in the PubMed and Scopus
databases for eligible publications up to November 2013
using the search query: (coffee AND (death OR mortal-
ity)). The search was restricted to articles published in
English. An additional manual search was also conducted
using reference lists from previous meta-analyses and review
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articles. To be included, a study had meet all of the following
criteria: (i) prospective cohort design; (ii) evaluate the
association of habitual coffee drinking with all-cause
mortality in a normal population; (iii) provide adjusted
risk estimates with 95 % confidence intervals; and (iv) use
non/occasional coffee drinkers as the reference category.
Studies carried out in people with hypertension, diabetes,
CVD or cancer were not to be taken into consideration.
For different articles reporting data from the same popu-
lation, we selected the article with the largest sample size.

Data extraction
The following information for each study was extracted by
two investigators (Y.Z. and R.Z.) independently: (i) first
author’s surname; (ii) geographic region where the study
was done; (iii) mean follow-up time; (iv) age range and
gender of population; (v) total number of subjects and
number of death events due to all causes; (vi) coffee
intake categories; (vii) corresponding maximally adjusted
risk estimates with 95 % confidence intervals; and (viii)
confounding variables controlled for. If a study reported
outcomes for men and women separately, we separated it
as two different cohorts. For dose–response meta-analysis,
we also extracted the number of death events and subjects
or person-years in each category. If the numbers of death
events by levels of coffee intake were not provided
directly, we estimated them from the total number of
subjects along with the non-adjusted risk estimates or, if
not reported, the minimally adjusted risk estimates within
each category in that study.

In each category, the median or the mean coffee
intake was assigned as the dose of average coffee con-
sumption. If the median or the mean coffee intake was
not provided either, the midpoint of the upper and lower
boundaries was regarded as the average dose. For an
open-ended highest category, the average coffee con-
sumption of the category was set at 1·2 times the lower
boundary. If the lower boundary of a lowest category was
not available, we assumed the lower boundary was zero.

Statistical analysis
Heterogeneity among studies was assessed by the I 2

statistic, which represents the amount of total variability
that is attributed to between-study variability(12,13). To
facilitate description, we considered that I 2 values of <25%,
25–75% and >75 % indicated light, moderate and high
level of heterogeneity among studies, respectively.

We used relative risk (RR) to express different risk
estimates in each study. The natural logarithms of the
maximally adjusted relative risk and corresponding
95 % confidence interval in each category were used for
pooled analyses. The random-effects model developed by
DerSimonian and Laird(14), which provides more con-
servative results, was employed to calculate the pooled
estimates. For categorical meta-analyses we set four coffee
intake groups: (i) non/occasional drinkers (the lowest

category in each study); (ii) 1–<3 cups/d; (iii) 3–<5 cups/d;
and (iv) ≥5 cups/d. This classification is similar to the one
used in a previous meta-analysis on coffee(15). If multiple
categories from the same study were located in a single
group, we combined them into one category. We further
conducted subgroup analyses stratified by gender, geo-
graphic region and degree of adjustment. For the analyses
stratified by degree of adjustment, we predefined two
models: (i) model A referred to studies providing risk
estimates and 95 % confidence intervals adjusted for age,
smoking status, alcohol intake and physical activity;
and (ii) model B referred to studies which provided risk
estimates and 95 % confidence intervals adjusted for
education level, which could reflect the socio-economic
status of coffee drinkers, on the basis of model A. Sensitivity
analyses were carried out by omitting one study at a time
to examine whether the pooled estimates were driven by
any single study. Possible publication bias was tested
using Egger’s linear regression test(16) and Begg’s rank
correlation test(17).

We further conducted a two-stage random-effects
dose–response meta-analysis to evaluate the association
between coffee drinking and all-cause mortality. The
potential non-linearity was examined by modelling coffee
consumption using restricted cubic splines with three
knots at fixed percentiles (10 %, 50 %, 90 %) of the coffee
intake distribution, as suggested by Harrell(18). A P value
for possible non-linearity was obtained by testing the null
hypothesis that the regression coefficient of the second
spline was equal to zero(19). We adopted generalized least
squares models as proposed by Greenland and Long-
necker(20) and Orsini et al.(21) to calculate study-specific
coefficient estimates and variance/covariance matrix.
Then, the two regression coefficients of each study were
pooled in the multivariate random-effects meta-regression
analysis as described by Jackson et al.(13). Those studies
which provided less than three coffee consumption cate-
gories, including the reference category, were excluded
from the dose–response meta-analyses.

All P values were two-tailed with a significance level of
0·05. All statistical analyses were conducted using the
statistical software package Stata/SE 12·0 for Windows.

Results

Literature search and study characteristics
Figure 1 presents the flowchart of the literature search.
Finally, seventeen eligible studies consisting of 1 054 571
participants and 131 212 death events due to all causes were
identified and included in the present study(4–6,8,22–34). The
mean follow-up time of each study ranged from 7·1 to 25
years with a median of 15 years. Nine studies(4–6,8,26,27,30,33,34)

separately reported outcomes for men and women, hence
there were eleven cohorts on men and ten cohorts on
women. Of the seventeen studies, eight were conducted in
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the USA(4,5,8,23,25,28,29,31), six in Europe(22,24,27,30,32,34) and
three in Japan(6,26,34). Twelve studies reported risk estimates
with 95% confidence intervals adjusted for age, smoking
status, alcohol intake and physical activity(4–6,8,22–26,31–33)

and eight of them additionally controlled for education
level(4,8,22–26,33). The characteristics of all included studies
are shown in Table 1.

All studies
When compared with non/occasional coffee drinkers, the
pooled RR for all-cause mortality were 0·89 (95 % CI 0·85,
0·93; I 2= 75 %) for 1–<3 cups/d, 0·87 (95 % CI 0·83, 0·91;
I 2 = 60 %) for 3–<5 cups/d and 0·90 (95 % CI 0·87, 0·94;
I 2= 19%) for ≥5 cups/d. There was considerable between-
study heterogeneity in each coffee intake group and
relevant forest plots are provided in the online supple-
mentary material. No evidence of publication bias was
found (for 1–<3 cups/d, Begg’s P= 0·21, Egger’s P= 0·59;
for 3–<5 cups/d, Begg’s P= 0·84, Egger’s P= 0·80; for
≥5 cups/d, Begg’s P= 0·74, Egger’s P= 0·61). In the sen-
sitivity analyses, omitting studies one by one did not
change the significance of any pooled RR. For the coffee
consumption group of 1–<3 cups/d, after excluding Kahn
et al.(28), the heterogeneity among studies that combined men
and women together reduced from 76% to 20%; however,
the between-study heterogeneity of all included studies in this
coffee intake group was not obviously lowered.

Two studies(32,34) were not incorporated in the dose–
response meta-analysis because of limited numbers of
coffee intake categories. We observed a significant non-
linear association (P for non-linearity < 0·001) between
coffee drinking and all-cause mortality (Fig. 2(a)). A moderate

degree of heterogeneity was detected among study-
specific trends derived from the coefficients of the first
and second spline transformations: I 2first= 69 % (95 % CI
53 %, 80 %) and I 2second= 29 % (95 % CI 0 %, 57 %). The
slope of the dose–response relationship was approximately
U-shaped and the maximum protection was reached at
3–4 cups coffee/d.

Men and women
As one of the main objectives of the present research was
to explore whether the association of coffee intake with
total mortality differed between men and women, those
studies that combined two sexes together were not
included in the subgroup analyses(24,25,28,29,31). The results
of subgroup analyses are presented in Fig. 3. With regard
to male coffee drinkers, the pooled RR for all-cause mor-
tality were 0·91 (95 % CI 0·84, 0·99; I 2= 78 %) for 1–<3
cups/d, 0·90 (95% CI 0·85, 0·97; I 2=55%) for 3–<5 cups/d
and 0·94 (95 % CI 0·84, 1·04; I 2= 54 %) for ≥5 cups/d. No
evidence of linear trend (P for non-linearity < 0·001) was
detected for the association of coffee intake and total
mortality in men (Fig. 2(b)) and the heterogeneity among
study-specific trends estimates were: I 2first= 62 % (95 % CI
25 %, 81 %) and I 2second= 0 % (95 % CI 0 %, 62 %).

In female coffee drinkers, the summarized RR for total
mortality were 0·84 (95 % CI 0·80, 0·88; I 2= 22 %) for
1–<3 cups/d, 0·81 (95 % CI 0·75, 0·87; I 2= 39 %) for 3–<5
cups/d and 0·85 (95% CI 0·80, 0·90; I 2=0%) for ≥5 cups/d
in comparison with non/occasional coffee drinkers
(Fig. 3). The slope of the relationship between coffee
consumption and total mortality in women was roughly
U-shaped (P for non-linearity < 0·001, Fig. 2(c)) and the
maximum reduction in all-cause mortality was observed at
3–5 cups coffee/d. Moderate heterogeneity among trend
estimates of relevant studies was found: I 2first= 41 % (95 %
CI 0 %, 73 %) and I 2second= 31 % (95 % CI 0 %, 68 %).

For men who drunk ≥5 cups coffee/d, there were
marginally significant inverse associations of coffee intake
with total mortality in studies that reported risk estimates
with 95 % confidence intervals adjusted for age, smoking
status, alcohol intake and physical activity (RR= 0·92; 95 %
CI 0·83, 1·00; I 2= 0 %; model A, Fig. 3) and in those that
additionally controlled for education level (RR= 0·89; 95 %
CI 0·81, 0·98; I 2= 0 %; model B, Fig. 3). For men who
drunk 1–<3 cups coffee/d or 3–<5 cups coffee/d and for
female coffee drinkers in all the three coffee consumption
groups, the pooled RR and corresponding 95 % CI of all-
cause mortality remained stable in the subgroup analyses
stratified by degree of adjustment (models A and B, Fig. 3).
In the subgroup analyses divided by geographical region,
there was no evidence of significant inverse associations
between habitual coffee drinking and all-cause mortality in
all the three coffee consumption groups for male drinkers
from the USA or European countries (Fig. 3). However,
these results should be interpreted with caution due to the
limited numbers of studies.

Records identified:
  PubMed (n 506)
  Scopus (n 685)
  Reference lists (n 2) 

Records screened after duplicates
removed (n 713) 

Records excluded (n 661):
  Not a prospective cohort study (n 509)
  Not conducted in a normal population (n 37)

  No outcome of mortality (n 115)

Full-text articles assessed for
eligibility (n 52)

Full-text articles excluded (n 35):
  Only reported cause-specific mortality (n 24)
  Not sufficient data (n 5)
  Used inappropriate reference category (n 4)
  Duplicate report (n 2)

Studies included in the present
research (n 17)

Fig. 1 Flowchart of the literature search
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Table 1 Characteristics of studies included in the present meta-analysis of coffee drinking and all-cause mortality

Study; country; mean Gender and sample Coffee intake
Men Women Mixed

duration size; age (years) No. of cases categories RR 95% CI RR 95% CI RR 95% CI Confounding factors adjusted for

Ahmed et al.(22) M: n 37 315 M: n 784 <1 cup/d 1·00 Ref. – – – – Age, BMI, activity score, smoking, history
of hypercholesterolaemia, family history
of MI before age 60, education, marital
status, aspirin use, alcohol intake, tea,
energy-adjusted fat intake, Na intake

Sweden 45–79 2 cups/d 0·86 0·77, 0·96 – – – –

9 years 3 cups/d 0·83 0·74, 0·92 – – – –

4 cups/d 0·84 0·74, 0·94 – – – –

≥5 cups/d 0·87 0·78, 0·98 – – – –

Andersen et al.(26) W: n 27 312 W: n 4265 Never – – 1·00 Ref. – – Age, smoking, alcohol, BMI, WHR,
education, physical activity, use of
oestrogens, use of multivitamin
supplements, energy intake and diet

USA 55–69 <1 cup/d – – 0·91 0·80, 1·04 – –

15 years 1–3 cups/d – – 0·85 0·76, 0·94 – –

4–5 cups/d – – 0·81 0·72, 0·91 – –

≥6 cups/d – – 0·87 0·76, 1·00 – –

de Koning Gans
et al.(24)

Mixed: n 37 514 n 1405 <1 cup/d – – – – 1·00 Ref. Age, sex, education, physical activity,
smoking, waist circumference,
menopausal status, alcohol intake, tea
intake, total energy, saturated fat, fibre,
vitamin C

Netherlands
50–69 1–3 cups/d – – – – 0·93 0·79, 1·09

13 years
3·1–6 cups/d – – – – 0·89 0·77, 1·04
>6 cups/d – – – – 0·93 0·76, 1·15

Freedman et al.(4) M: n 229 119 M: n 33 731 Never 1·00 Ref. 1·00 Ref. – – Age, BMI, race, education, alcohol intake,
smoking status, health status, marital
status, physical activity, total energy
intake, dietary intake, use of vitamin
supplements, use of postmenopausal
hormone therapy

USA W: n 173 141 W: n 18 784 <1 cup/d 0·99 0·95, 1·04 1·01 0·96, 1·07 – –

14 years 50–71 1 cup/d 0·94 0·90, 0·99 0·95 0·90, 1·01 – –

2 or 3 cups/d 0·90 0·86, 0·93 0·87 0·83, 0·92 – –

4 or 5 cups/d 0·88 0·84, 0·93 0·84 0·79, 0·90 – –

≥6 cups/d 0·90 0·85, 0·96 0·85 0·78, 0·93 – –

Gardener et al.(25) Mixed: n 2461 863 <1 cup/month – – – – 1·00 Ref. Age, sex, race, education, smoking status,
alcohol intake, physical activity, diet,
BMI, history of CVD, diabetes,
hypertension, hypercholesterolaemia,
other non-water beverage consumption,
milk and cream in coffee, non-dairy
creamer in coffee

USA 68·30 (SD 10·23) 1 cup/month–4
cups/week

– – – – 0·77 0·61, 0·98
13 years

5–7 cups/week – – – – 0·94 0·78, 1·12
2–3 cups/d – – – – 0·94 0·75, 1·17
≥4 cups/d – – – – 0·68 0·44, 1·05

Iwai et al.(26) M: n 1404 M: n 246 <0·5 cup/d 1·00 Ref. 1·00 Ref. – – Age, physical activity, history of heart
diseases, education, smoking status,
alcohol intake

Japan W: n 1451 W: n 115 0·5–1 cup/d 0·70 0·52, 0·94 0·70 0·45, 1·09 – –

9·9 years 40–79 ≥2 cups/d 0·40 0·30, 0·63 0·76 0·45, 1·27 – –

Jazbec et al.(27) M: n 1561 M: n 568 Never 1·00 Ref. 1·00 Ref. – – Age, region, smoking status, DBP, feeling
of well-being, history of stomach ulcerCroatia W: n 1776 W: n 382 Sometimes 0·82 0·65, 1·03 0·89 0·65, 1·21 – –

11 years 35–59 1–2 cups/d 0·78 0·61, 0·98 0·63 0·46, 0·86 – –

≥2 cups/d 0·73 0·53, 1·00 0·66 0·43, 1·02 – –

Kahn et al.(28) Mixed: n 20 969 n 5654 <1 cup/d – – – – 1·00 Ref. Age, history of CVD, hypertension,
diabetes, or cancer, age at initial
exposure to Adventist Church, smoking
status

USA >30 1–2 cups/d – – – – 1·21 1·06, 1·39
21 years ≥3 cups/d – – – – 1·26 1·05, 1·51

Klatsky et al.(29) Mixed: n 128 934 n 4501 Never – – – – 1·00 Ref. Age, sex, race, BMI, smoking status,
alcohol drinking, education, marital
status

USA Mean: 46 <1 cup/d – – – – 0·96 0·85, 1·07
21 years 1–3 cups/d – – – – 0·94 0·86, 1·02

4–6 cups/d – – – – 0·93 0·83, 1·04
>6 cups/d – – – – 0·88 0·76, 1·02
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Table 1 Continued

Study; country; mean Gender and sample Coffee intake
Men Women Mixed

duration size; age (years) No. of cases categories RR 95% CI RR 95% CI RR 95% CI Confounding factors adjusted for

Laaksonen et al.(30) M: n 29 065 M: n 2727 Never 1·00 Ref. 1·00 Ref. – – Age, age squared, smoking status, alcohol
intake, history of diabetes and CVDFinland W: n 31 543 W: n 1526 1–2 cups/d 1·08 0·91, 1·28 0·84 0·66, 1·07 – –

11·9 years 25–64 3–4 cups/d 0·98 0·83, 1·15 0·78 0·62, 0·97 – –

5–7 cups/d 1·00 0·87, 1·19 0·77 0·62, 0·97 – –

≥8 cups/d 1·20 1·01, 1·41 1·00 0·77, 1·30 – –

Liu et al.(5) M: n 33 900 M: n 2198 Never 1·00 Ref. 1·00 Ref. – – Age, baseline examination year,
decaffeinated coffee use, regular tea
use, decaffeinated or herbal tea use,
physical inactivity, BMI, smoking status,
alcohol intake, diabetes, hypertension,
hypercholesterolaemia, family history of
CVD, fitness

USA W: n 9827 W: n 314 1–7 cups/week 1·09 0·94, 1·27 0·73 0·50, 1·06 – –

17 years 20–87 8–14 cups/week 1·14 0·99, 1·31 1·05 0·76, 1·46 – –

15–21 cups/week 1·04 0·91, 1·19 0·85 0·58, 1·22 – –

22–28 cups/week 1·03 0·86, 1·23 1·04 0·63, 1·71 – –

≥28 cups/week 1·21 1·04, 1·40 1·21 0·78, 1·88 – –

Lopez-Garcia et al.(8) M: n 41 736 M: n 6888 <1 cup/month 1·00 Ref. 1·00 Ref. – – Age, smoking status, BMI, physical activity,
alcohol intake, parental history of MI,
menopausal status and use of hormone
therapy for women, multivitamin use,
vitamin E use, total energy intake, fat
intake, glycaemic load, folate intake

USA W: n 86 214 W: n 11 095 1 cup/month–4
cups/week

1·07 0·99, 1·16 0·98 0·91, 1·05 – –

M: 18 years
30–55 5–7 cups/week 1·02 0·95, 1·11 0·93 0·87, 0·98 – –W: 24 years

2–3 cups/d 0·97 0·89, 1·05 0·82 0·77, 0·87 – –

4–5 cups/d 0·93 0·81, 1·07 0·74 0·68, 0·81 – –

≥6 cups/d 0·80 0·62, 1·04 0·83 0·73, 0·95 – –

Paganini-Hill et al.(31) Mixed: n 13 978 n 11 386 Never – – – – 1·00 Ref. Age, sex, smoking, exercise, BMI, alcohol
intake, histories of CVD and cancerUSA >60 <1 cup/d – – – – 0·90 0·85, 0·96

23 years 1 cup/d – – – – 0·96 0·91, 1·01
2–3 cups/d – – – – 0·89 0·85, 0·94
≥4 cups/d – – – – 0·94 0·87, 1·02

Rosengren et al.(32) M: n 6765 M: n 478 Never 1·00 Ref. – – – – Age, SBP, BMI, diabetes, registration for
alcohol abuse, family history of MI,
mental stress, physical activity,
occupational class, smoking status

Sweden 51–59 ≥9 cups/d 0·90 0·50, 1·40 – – – –

7·1 years

Sugiyama et al.(33) M: n 18 287 M: n 1647 Never 1·00 Ref. 1·00 Ref. – – Age, history of hypertension and diabetes,
education level, BMI, walking time,
smoking, alcohol intake, green tea,
oolong tea, black tea, dietary and total
energy

Japan W: n 19 455 W: n 807 Occasionally 0·96 0·83, 1·10 0·88 0·73, 1·06 – –

10·3 years 40–64 1 or 2 cups/d 0·91 0·78, 1·06 0·82 0·66, 1·02 – –

≥3 cups/d 0·89 0·74, 1·08 0·75 0·53, 1·05 – –

Tamakoshi et al.(6) M: n 40 672 M: n 11 178 <1 cup/d 1·00 Ref. 1·00 Ref. – – Age, smoking, alcohol drinking, walking
hours, sleep duration, BMI, consumption
of vegetables, tea consumption,
education, stress, marital status, history
of cancer, MI or stroke

Japan W: n 57 081 W: n 8354 1 cup/d 0·95 0·89, 1·01 0·82 0·76, 0·89 – –

16 years 40–79 2–3 cups/d 0·86 0·81, 0·93 0·83 0·75, 0·91 – –

≥4 cups/d 0·80 0·68, 0·95 0·89 0·66, 1·20 – –

Vandenbroucke
et al.(34)

M: n 1583 M: n 842 None 1·00 Ref. 1·00 Ref. – – Age, smoking status, alcohol drinking, BMI,
living parents, serum cholesterol, SBP

Netherlands
W: n 1508 W: n 474 ≥5 cups/d 1·42 0·94, 2·15 0·83 0·52, 1·30 – –

25 years
40–65

RR, relative risk; M, men; W, women; Ref., referent category; MI, myocardial infarction; WHR, waist:hip ratio; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Discussion

The present research did not support the hypothesis that
habitual coffee consumption increased the risk of death
from all causes, whereas light to moderate coffee drinking
was inversely associated with all-cause mortality especially
for female drinkers. The significant reduction in total
mortality was attenuated in those who drunk large quantities
of coffee for both men and women.

Natella et al.(35) found that one cup of coffee daily
helped to incorporate phenolic acids into LDL and
increased the resistance of LDL to ex vivo oxidation in
healthy individuals. Meta-analyses of prospective cohort
studies have suggested U-shaped associations between
coffee drinking and the incidence of stroke(15), congestive
heart failure(36) and Parkinson’s disease(37), with the
maximum and also statistically significant protection
observed in people who drunk three to four cups of
coffee daily in all cases. Despite case–control and cohort
studies having reported inconclusive results about the
relationship between coffee intake and CHD(10), it is
plausible that the inverse association between light to
moderate coffee consumption and all-cause mortality may
be partially attributed to the protection against certain
kinds of cardiovascular and cerebrovascular diseases. The
associations of moderate coffee consumption with the
incidence and mortality of cancer varied by body sites
and low to moderate coffee consumption was inversely
related to total cancer incidence(38). Whether there is
a reverse causality between light to moderate coffee
drinking and reduced all-cause mortality requires further
investigation.

For both men and women, the reduction in total mor-
tality was attenuated in those who drunk large quantities
of coffee. Excessive intake of coffee could neutralize its
benefits and even impose unfavourable effects on the
human body. In healthy individuals, heavy consumption
of either filtered coffee or unfiltered coffee could give rise
to substantially elevated plasma concentrations of total
homocysteine(39,40). Olthof et al.(41) assumed that the
homocysteine-elevating effect was possibly caused by the
chlorogenic acid in coffee. For hypertensive individuals,
excessive coffee intake could produce an acute increase in
blood pressure and thus could raise the blood pressure
above a safe level, but no evidence was found to support
an appreciable association between habitual coffee
consumption and a higher risk of CVD in hypertensive
individuals(42). Cafestol and kahweol contained in coffee
beans are regarded as cholesterol-raising factors and
it is well documented that unfiltered coffee can dose-
dependently increase serum concentrations of total and
LDL cholesterol(43). Correa et al.(44) further found that daily
consumption of four cups of paper-filtered coffee, from
which cafestol and kahweol had been removed, could
also have an undesirable effect on plasma cholesterol and
inflammation profile in healthy individuals independent
of its antioxidant status. Moreover, coffee consumption
tended to impair the therapeutic effects of some cardio-
protective drugs like statins(45). Therefore, consuming too
much coffee should not be recommended in view of
keeping healthy.

The present research suggested that female drinkers
were more predisposed to the health-promoting effect of
coffee than male drinkers. In subgroup analyses stratified
by the degree of adjustment for confounding factors, the
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gender-specific associations remained unchanged. Results
from observational studies suggest that sex hormone status
and the activity of cytochrome P450 1A2 enzyme
(CYP1A2) could possibly be responsible for the modifying
role of gender. As the major biologically active component
in coffee, caffeine is predominantly metabolized by
CYP1A2 in the liver. Women, because of higher oestradiol
concentrations, generally have lower activity of CYP1A2
than men(46,47). Lowcock et al.(48) hypothesized that there
could be a greater protective effect of coffee among
individuals who metabolize caffeine slowly than among
fast metabolizers due to a theoretically extended duration
of caffeine exposure. Results from Hallstrom et al.(49)

indicated that excessive consumption of coffee was asso-
ciated with lower bone mineral density in elderly men,
but not in women, and bone mineral density was lower in
high consumers of coffee with rapid metabolism of
caffeine. A meta-analysis of prospective cohort studies
indicated that habitual moderate coffee drinking was also
related to a lower risk of CHD in female coffee drinkers
rather than male drinkers(10). To date, randomized con-
trolled trials aimed at exploring the coffee–gender inter-
action are limited. One clinical trial by Gavrieli et al.(50)

found that two to four cups of coffee daily induced a lower
increase of postprandial insulin concentrations in men
than in women. However, results from a randomized
controlled trial suggested that the effect of caffeine on
blood pressure and heart rate did not vary by sex or

hormonal status in healthy individuals(51). Yet, the underlying
mechanism of the observed variation between men and
women in the association of coffee with total mortality
remains to be established.

A Scottish study revealed that coffee drinkers were
younger, healthier and had higher income than tea drin-
kers(52). Nevertheless, the links between coffee drinking
habits and health consciousness may vary from person to
person and from region to region. An array of prospective
cohort studies(4–6,8,23) have reported for both men and
women that heavy coffee drinkers were likely to smoke
more cigarettes, consume more alcoholic beverages and
do less physical exercise. Mukamal et al.(53) reported that
coffee drinkers tended to be free of co-morbidity but were
more likely to be frequent smokers in a population who
had survived acute myocardial infraction. In the present
study, after pooling studies that controlled for smoking
status, alcohol intake and physical activity, the association of
coffee consumption and total mortality in either men
or women was not significantly altered. However, for indi-
vidual coffee drinkers, particularly those with less health
consciousness, unhealthy dietary and lifestyle factors could
offset the beneficial effect of coffee to a large extent.

The present results were not in complete agreement with
those from two previous quantitative reviews(54,55) which
reported only the favourable association of coffee intake
with total mortality and claimed no difference between male
and female coffee drinkers. This discordance possibly stems

l 2 (%)

RR (95 % Cl)

RR (95 % Cl) l 2 (%)

RR (95 % Cl)

RR (95 % Cl)

9 78
7 55

1–<3  cups/day
3–<5 cups/day

6 54

Gender

0.91 (0.84, 0.99)
0.90 (0.85, 0.97)
0.94 (0.84, 1.04)

Men
1–<3 cups/day 61
3–<5 cups/day 76

Men

1–<3  cups/day
3–<5 cups/day

5 cups/day_>

5 cups/day_>

1–<3  cups/day
3–<5 cups/day

5 cups/day_>

1–<3  cups/day
3–<5 cups/day

5 cups/day_>

_>5 cups/day 

Men
1–<3 cups/day
3–<5 cups/day 

3–<5 cups/day

_> 5 cups/day 

Men
1–<3 cups/day 
3–<5 cups/day 
_>5 cups/day 

_>5 cups/day 

2 0

USA

0.98 (0.91, 1.05)
0.96 (0.84, 1.09)
0.89 (0.79, 1.00)

Women
1–<3  cups/day
3–<5 cups/day

5 cups/day_>

Women

Women

1–<3  cups/day
3–<5 cups/day
_> 5 cups/day

Women

9
7
5

22
39

0

Men

1–<3  cups/day
3–<5 cups/day
_>5 cups/day

Men

6
6
4

67
58

0

7
6
3

0
49

0

4
3
2

72
0
0

5
3
2

0

0

Degree of adjustment: model A

Degree of adjustment: model B

4
4

3

34
67
0

4

72
64
66

0.84 (0.80, 0.88)
0.81 (0.75, 0.87)
0.85 (0.80, 0.90)

0.91 (0.84, 0.99)
0.90 (0.83, 0.96)
0.92 (0.83, 1.00)

0.84 (0.80, 0.88)
0.82 (0.75, 0.88)
0.85 (0.80, 0.91)

Women
1–<3 cups/day 

3–<5 cups/day 
_>5 cups/day 

Women
1–<3 cups/day 

58
–
0

0

73
0
–

Japan

0

0
0
–

0.91 (0.84, 0.99)
0.87 (0.83, 0.91)
0.89 (0.81, 0.98)

0.88 (0.82, 0.93)
0.83 (0.79, 0.88)
0.85 (0.80, 0.90)

Europe

0.86 (0.81, 0.91)
0.82 (0.74, 0.90)
0.85 (0.80, 0.91)

0.92 (0.80, 1.04)
0.89 (0.77, 1.03)
1.02 (0.83, 1.25)

0.73 (0.56, 0.96)
0.78 (0.62, 0.98)
0.86 (0.69, 1.07)

0.78 (0.58, 0.98)
0.84 (0.74, 0.95)

0.82 (0.77, 0.88)
0.83 (0.66, 1.04)

0.75 1.00 1.25

0

0.56 1.00 1.44

2
3

3
3

3
2

1
2

2

3
2

No. of 
studies

No. of 
studies

Fig. 3 Subgroup analyses of the association between habitual coffee drinking and all-cause mortality, showing pooled relative risks
(RR; ■) and 95% confidence intervals (represented by horizontal bars) from categorical meta-analyses using a random-effects model.
Model A, studies providing risk estimates and 95% CI adjusted for age, smoking status, alcohol intake and physical activity; model B,
studies providing risk estimates and 95% CI additionally adjusted for education level

1288 Y Zhao et al.

https://doi.org/10.1017/S1368980014001438 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980014001438


from differences in the included studies and in the methods
of data processing. Compared with these two studies, we
have set more rigorous selection criteria whereby eligible
studies had to include non/occasional coffee drinkers as the
reference category and provide adjusted risk estimates.
We further incorporated two up-to-date large prospective
cohort studies(6,25). Besides, both of the two previous studies
used data from extreme exposure categories only, which
may lower the statistical validity and introduce heterogeneity
as suggested by Yu et al.(56). We believe that the present
study could provide more comprehensive and profound
insights into the association of habitual coffee drinking with
total mortality and bring about meaningful implications for
future studies concerning the health-related effect of coffee
consumption.

Some limitations of the present study should be put
forward. First, most included studies did not report the
coffee preparation methods and combined caffeinated and
decaffeinated coffee together. The composition of a cup of
coffee depends largely on the preparing method. We did
not conduct subgroup analyses stratified by coffee type
since only four of the seventeen studies(4,8,25,31) have
reported separately the relationship of different types of
coffee (caffeinated and decaffeinated coffee) with all-cause
mortality. Muley et al.(57) have suggested advantages of
filtered coffee over boiled coffee and of decaffeinated
coffee over caffeinated coffee in the association with the
risk of type 2 diabetes. Decaffeinated coffee was also
associated with a small reduction in all-cause mortality, but
no substantial difference between caffeinated coffee and
decaffeinated coffee in the relationship with total mortality
was noted(4,8). Decaffeinated coffee could be a good option
for those who experience uncomfortable effects from
caffeine stimulation. One survey in the USA showed that
only about 10 % people inclusively consume decaffeinated
coffee and its use was related to illness in some people but
to a healthy lifestyle in others(58). Besides, filtered coffee has
been proved to be less cholesterol-raising than unfiltered
coffee(43). Unfortunately, information about the preparing
methods were absent in most included studies, thus
bringing about great difficulties for us to deal with the
heterogeneity across the included studies.

Second, the observed association of coffee drinking
with all-cause mortality could be biased by unmeasured or
unknown potential confounding factors or alternative
explanations, notwithstanding that most of the included
studies have controlled for major confounders such as age
and smoking status, alcohol intake and physical activity.

Third, most included studies only assessed the fre-
quency of coffee intake at baseline by self-report. People
who developed hypertension or other risk factors of CVD
during the follow-up period may change their drinking
habits. Besides, recall bias and misclassification of coffee
consumption also imposed unfavourable impacts on the
interpretation of the association between coffee drinking
and all-cause mortality.

Conclusion

In summary, it is important to take into account both the
advantages and disadvantages of coffee consumption.
Although association cannot prove causation, light to
moderate coffee drinking may indeed help to decrease
the risk of death from all causes, particularly in female
drinkers.
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