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ABSTRACT

To explore the role of coffee on health outcomes in the United States, where coffee consumption is common, we conducted a meta-analysis
of prospective studies investigating the magnitude (any compared with no consumption) and the dose–response shape (cups per day) of the
associations between caffeinated coffee consumption and incidence/mortality of cardiovascular disease (CVD), as well as incidence of type 2
diabetes (T2D), hepatocellular carcinoma (HCC), endometrial cancer, melanoma, and nonmelanoma skin cancer. We selected the desirable health
outcomes that have been shown to be positively associated with coffee consumption. Studies were identified by searching PubMed/Embase
databases up to September 2019. Inclusion criteria included prospective studies that investigated the relation of ≥3 categories of caffeinated
coffee consumption and the outcomes of interest. Twenty-six studies (42 distinct cohorts), with 93,706 cases/deaths and 3,713,932 participants,
met the inclusion criteria. In any coffee consumers, there was a significant inverse association with the risk of CVD (RR = 0.90; 95% CI: 0.84, 0.96), T2D
(RR = 0.90; 95% CI: 0.85, 0.96), endometrial cancer (RR = 0.85; 95% CI: 0.78, 0.92), melanoma (RR = 0.89; 95% CI: 0.80, 0.99), and nonmelanoma skin
cancer (RR = 0.92; 95% CI: 0.89, 0.95). Coffee consumption was also inversely associated with HCC (RR = 0.93; 95% CI: 0.80, 1.08), without reaching
statistical significance. The dose–response relation was nonlinear uniquely for CVD (P-nonlinearity = 0.01). In particular, the largest risk reduction
was observed for 3–4 cups/d (∼120 mL/cup) and no reduction thereafter. For other outcomes, the risk decreased linearly over the whole coffee
consumption range. Current patterns of consumption in the United States would account for a fraction of avoided cases/deaths ranging from 6% to
12% according to the outcome considered. This study confirms the beneficial health effects of caffeinated coffee consumption in the US population
on the health outcomes considered, and quantifies their possible magnitude. Adv Nutr 2021;12:1160–1176.
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Introduction
Coffee is a complex mixture of hundreds of different
compounds (1). The most widely known is caffeine, a natural
stimulant, that has been associated with increased blood
pressure (2), decreased triglyceride and total cholesterol
concentrations (3), and insulin resistance (4). Because of
its caffeine content, coffee has been considered unhealthy
in the past. However, coffee also contains phenolic acids,
diterpenes, minerals, nicotinamide equivalent, and other

The authors reported no funding received for this study.
Author disclosures: The authors report no conflicts of interest.
Address correspondence to MDM (e-mail: matteo.dimaso@unimi.it).
Abbreviations used: CVD, cardiovascular disease; HCC, hepatocellular carcinoma; T2D, type 2
diabetes.

compounds with potentially beneficial effects, such
as insulin-sensitizing (5), antioxidative (6), and anti-
inflammatory (7). Several reviews and meta-analyses
have shown a protective role of coffee consumption on
both incidence and/or mortality of several chronic diseases,
including cardiovascular disease (CVD) (6), type 2 diabetes
(T2D) (8), and different cancer types (9, 10). In these
studies, meta-analytic estimates were obtained by pooling
RRs for the highest compared with the lowest category.
This approach, however, does not use information on
intermediate categories, failing to provide a comprehensive
description of the dose–response relation between coffee
and health outcomes. Using a dose–response meta-analytic
approach, some studies have estimated the shape of the
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relation for incidence or mortality of CVD (37, 38), incidence
of T2D (39), incidence of selected cancers (40, 41), and
overall and cause-specific mortality (42).

To explore the role of caffeinated coffee on health
outcomes in the United States, where coffee consumption
is common, we conducted a dose–response meta-analysis
of US prospective studies investigating the magnitude and
the shape of the associations between caffeinated coffee
consumption and incidence or mortality of CVD, as well
as incidences of T2D, hepatocellular carcinoma (HCC),
endometrial cancer, melanoma, and nonmelanoma skin
cancer. We selected the desirable health outcomes that have
been shown to be positively associated with coffee consump-
tion. For each outcome, we also estimated the fraction of
cases/deaths avoided due to caffeinated coffee consumption.

Methods
Outcome selection and literature search
We considered the following health outcomes that have been
shown to be positively associated with coffee consumption:
CVD incidence/mortality and T2D incidence according to
findings of previous reviews and meta-analyses (6, 8, 37–
39, 42, 43); HCC incidence, endometrial cancer incidence,
melanoma incidence, and nonmelanoma skin cancer inci-
dence according to the latest report of the World Cancer
Research Fund (44).

We performed a literature search up to September 2019
in the Medline/PubMed and Embase databases using the
terms “prospective” and “cohort” for study design; “hot
beverages,” “coffee,” and “caffeine” for coffee consumption;
“chronic diseases,” “cardiovascular disease,” “coronary heart
disease,” “stroke,” “myocardial infarction,” “ischemic heart
disease,” “mortality,” and “heart failure” for CVD outcome;
“diabetes” for T2D outcome; “liver,” “hepatocellular,” “biliary
tract,” “gallbladder,” and “extrahepatic” for HCC outcome;
“female,” “hormonal,” “endometrium,” and “endometrial”
for endometrial outcome; “melanoma” and “skin” for
melanoma outcome; “skin,” “basal cell,” and “squamous
cell” for nonmelanoma skin outcome. In addition, outcomes
involving cancer shared the terms “cancer,” “carcinoma,” and
“neoplasm” (appendix). We followed the Meta-Analysis of
Observational Studies in Epidemiology (MOOSE) guidelines
for conducting meta-analyses and reporting results (45).
Two authors (MDM and FB) separately reviewed studies
and discrepancies were discussed and solved. Studies were
eligible for inclusion in the meta-analyses if they met the
following criteria: 1) the study had a prospective design
investigating the relation of caffeinated coffee consumption
and outcomes of interest on humans in the United States;
2) the study reported RRs with 95% CIs for ≥3 categories
of caffeinated coffee consumption; and 3) RRs had been
adjusted at least for sex, age, and smoking.

Data extraction
From each study, we extracted data on selected outcomes,
first author’s surname, publication year, study name, period
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n = 170
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n = 143:

- 58 no original data (review/meta-analysis

and letter/editorial);

- 55 population other than US;

- 21 insufficient information for dose-

response meta-analysis;

- 6 subpopulation with specific 

conditions/diseases;

- 3 other study design or outcome

Articles eligible

n = 24

Articles included

n = 26

Additional publications identified from the 

reference list of the eligible publications

n = 2

Additional publications excluded (duplicate 

reports on the same study population

n = 3

Records identified through 

Pubmed/Embase

n = 1377

FIGURE 1 Flowchart of studies selection on caffeinated coffee consumption and selected outcomes.

of enrollment, duration of follow-up (years), number of study
participants, number of cases, sex and age of participants,
adjustment factors, and RRs with their 95% CIs for each
category of caffeinated coffee consumption (Table 1). When
studies reported the adjusted RRs but not the corresponding
95% CIs (11), we calculated the CIs for crude RRs and related
them to the adjusted ones.

We used the method of Hamling et al. (46) to account for
within-study covariance between risk estimates relating to
the same reference category or to combine results for studies
(12, 15, 16, 31, 36) that reported estimates by category of
disease (e.g., coronary heart disease and stroke, type I and
type II endometrial cancer, basal cell and squamous cell skin
cancer).

We used median or mean values to represent each
category of coffee consumption, when reported; alternatively
we used the midpoint of the category. When the highest
coffee consumption category was open-ended, we assumed
it had the same width of the adjacent one.

Statistical analysis
We used a random-effects meta-analysis to estimate the
pooled RRs of any caffeinated coffee consumption compared
with no consumption. We also performed a 2-stage random-
effects dose–response meta-analysis to evaluate the shape
of the relation (cups per day), according to the method
proposed by Greenland and Longnecker (47) and Orsini et al.
(48), which has been applied in a similar context by Crippa et
al. (42). Briefly, the 2-stage approach consisted of: 1) fitting a
restricted cubic spline model with 3 knots at fixed percentiles
(25%, 50%, and 75%) of the coffee distribution for each study
(the restricted spline model was fit with a generalized least-
squares regression model taking into account the correlation
within each set of published RRs) (42, 48); and 2) combining
the study-specific estimates obtained in the previous step
using the maximum likelihood method in a multivariate
random-effects meta-analysis (48, 49). In the spline model,
an extra binary term (consumption/no consumption) was
added to take into account spike at zero (i.e., the proportion

Health effects of coffee consumption 1167
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of individuals having zero exposure) for coffee consumption
(50).

Statistical heterogeneity among studies was quantified
using the I2 statistic (51). In particular, I2 values <25%
indicated low heterogeneity, whereas values >75% indicated
high heterogeneity. Publication bias was assessed by the
Egger regression test (52).

Under the assumption that the results of meta-analyses
reflect causal and unbiased associations, we estimated, for
each outcome, the fraction and the number of cases/deaths
that would be attributable to lack of coffee consumption.
These can be interpreted as the fraction and number of
cases/deaths that were avoided based on actual consumption
patterns. In particular, 2 different counterfactual preva-
lences of caffeinated coffee consumption were considered: 1)
maximum prevalence reduction scenario assuming no coffee
consumption (53); and 2) shifted prevalence consumption
scenario indicating that all coffee drinkers would reduce their
consumption by 1 cup/d (53, 54). The prevalence of US coffee
consumption was obtained by combining data from multiple
nonconsecutive 24-h dietary recalls and an FFQ of 2003–
2004 and 2005–2006 NHANES surveys (55).

Coffee prevalence estimates were computed by using SAS
(version 9.4; SAS Institute) according to the method de-
scribed by Loftfield et al. (56). Meta-analyses were conducted
with the dosresmeta (57) and metafor (58) packages in R (59).

Results
Study description
The literature search identified 1377 articles; of these 1207
were excluded after review of title or abstract, leaving 170
articles assessed for eligibility (Figure 1). Twenty-seven
articles were selected after the exclusion of 143 articles for

≥1 of the following reasons: not reporting original results
(58 articles); not conducting in the United States (55 articles);
not reporting sufficient information for a dose–response
meta-analysis (21 articles); analyzing subpopulations with
specific conditions/diseases (6 articles); or not prospective
design or different outcomes (3 articles). We excluded 3
additional articles that were duplicate reports on the same
population. In addition, we included 2 articles identified
from the reference list of the eligible pool.

Thus, the meta-analysis included 26 independent
prospective studies corresponding to 42 distinct cohorts
as reported in Table 1. In particular, 7 studies (11, 12, 15, 16,
13, 14, 17) (10 cohorts) comprised 24,606 CVD cases/deaths
and 679,333 participants, 8 studies (18–25) (11 cohorts)
26,331 T2D cases and 372,706 participants, 2 studies (26,
27) (10 cohorts) 1311 HCC cases and 1,374,915 participants,
4 studies (31, 28–30) (4 cohorts) 3127 endometrial cancer
cases and 363,254 participants, 3 studies (32–34) (4 cohorts)
5556 melanoma cases and 717,151 participants, and 2 studies
(36, 35) (3 cohorts) 32,775 nonmelanoma skin cancer cases
and 206,573 participants.

Any consumption meta-analysis
Figure 2 reports pooled estimates for CVD
incidence/mortality and TD2 incidence, Figure 3 reports
pooled estimates for selected cancer incidence. Compared
with no consumption, (caffeinated) coffee drinkers showed
a significant reduced risk of CVD incidence/mortality with
a pooled RR of 0.90 (95% CI: 0.84, 0.96; Figure 2A), T2D
incidence with a pooled RR of 0.90 (95% CI: 0.85, 0.96;
Figure 2B), endometrial cancer incidence with a pooled
RR of 0.85 (95% CI: 0.78, 0.92; Figure 3A), melanoma
incidence with a pooled RR of 0.89 (95% CI: 0.80, 0.99;

FIGURE 4 Pooled dose–response association (from 2-stage random-effects dose–response meta-analysis) between caffeinated coffee
consumption (cups per day) and cardiovascular disease incidence/mortality (A) and type 2 diabetes incidence (B). United States,
1987–2017. Coffee consumption was modeled with restricted cubic spline. In the spline model, a binary term (consumption/no
consumption) was added to take into account spike at zero for coffee.
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Figure 3B), and nonmelanoma skin cancer incidence
with a pooled RR of 0.92 (95% CI: 0.89, 0.95; Figure 3C).
Coffee drinkers showed a nonsignificant reduced risk of
HCC incidence (pooled RR = 0.93; 95% CI: 0.80, 1.08;
Figure 3D).

Between-study heterogeneity was moderate for TD2 inci-
dence (I2 = 70.1%; P < 0.01), for CVD incidence/mortality
(I2 = 59.6%; P = 0.01), for nonmelanoma skin cancer
incidence (I2 = 50.3%; P = 0.13), and for melanoma
incidence (I2 = 43.5%; P = 0.16); there was no evidence of
between-study heterogeneity for HCC incidence (I2 = 0.0%;
P = 0.35) and for endometrial cancer incidence (I2 = 0.0%;
P = 0.56). The Egger regression test provided no significant
evidence of publication bias, with P values ranging from 0.07
to 0.81.

Dose–response meta-analysis
A nonlinear association emerged between caffeinated
coffee consumption and CVD incidence/mortality (P-
nonlinearity = 0.01; Figure 4A). Compared with no coffee
consumption, the pooled RRs for CVD incidence/mortality
were 0.91 (95% CI: 0.85, 0.96) for 1 cup/d (a standard
American cup of coffee corresponded to ∼120 mL), 0.84
(95% CI: 0.78, 0.91) for 2 cups/d, 0.82 (95% CI: 0.75, 0.90)
for 3 cups/d, 0.83 (95% CI: 0.75, 0.92) for 4 cups/d, 0.87 (95%
CI: 0.74, 1.02) for 6 cups/d, and 0.91 (95% CI: 0.71, 1.16) for
8 cups/d (Table 2). There was between-study heterogeneity
(I2 = 65.6%; P < 0.01).

For other outcomes considered, we found no evidence of
nonlinear relations (Figure 4B, Figure 5). In particular, the
pooled RRs for T2D incidence were 0.96 (95% CI: 0.91, 1.02)
for 1 cup/d, 0.89 (95% CI: 0.82, 0.97) for 2 cups/d, 0.83 (95%
CI: 0.75, 0.91) for 3 cups/d, 0.77 (95% CI: 0.69, 0.86) for
4 cups/d, 0.66 (95% CI: 0.58, 0.77) for 6 cups/d, and 0.57
(95% CI: 0.48, 0.69) for 8 cups/d. There was between-study
heterogeneity (I2 = 71.3%; P < 0.01).

The pooled RRs for HCC incidence were 1.02 (95%
CI: 0.72, 1.45) for 1 cup/d, 0.82 (95% CI: 0.52, 1.29) for
2 cups/d, 0.71 (95% CI: 0.52, 0.96) for 3 cups/d, 0.61 (95%
CI: 0.47, 0.80) for 4 cups/d, 0.45 (95% CI: 0.25, 0.81) for 6
cups/d, and 0.34 (95% CI: 0.12, 0.93) for 8 cups/d. Between-
study heterogeneity was moderate (I2 = 48.4%; P = 0.09).

The pooled RRs for endometrial cancer incidence were
0.94 (95% CI: 0.84, 1.06) for 1 cup/d, 0.91 (95% CI: 0.81,
1.02) for 2 cups/d, 0.82 (95% CI: 0.73, 0.92) for 3 cups/d, 0.74
(95% CI: 0.64, 0.85) for 4 cups/d, 0.60 (95% CI: 0.47, 0.77) for
6 cups/d, and 0.49 (95% CI: 0.34, 0.71) for 8 cups/d. There
was no evidence of between-study heterogeneity (I2 = 0.0%;
P = 0.72).

The pooled RRs for melanoma incidence were 0.91 (95%
CI: 0.81, 1.03) for 1 cup/d, 0.89 (95% CI: 0.77, 1.03) for 2
cups/d, 0.86 (95% CI: 0.75, 0.98) for 3 cups/d, 0.83 (95%
CI: 0.72, 0.95) for 4 cups/d, 0.76 (95% CI: 0.62, 0.95) for 6
cups/d, and 0.71 (95% CI: 0.51, 0.98) for 8 cups/d. There
was no evidence of between-study heterogeneity (I2 = 0.0%;
P = 0.65).
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FIGURE 5 Pooled dose–response association (from 2-stage random-effects dose–response meta-analysis) between caffeinated coffee
consumption (cups per day) and hepatocellular carcinoma incidence (A), endometrial cancer incidence (B), melanoma incidence (C), and
nonmelanoma skin cancer incidence (D). United States, 1987–2017. Coffee consumption was modeled with restricted cubic spline. In the
spline model, a binary term (consumption/no consumption) was added to take into account spike at zero for coffee. Note: results of the
Liver Cancer Pooling Project (LCPP) depicted in (A) included the National Institutes of Health-American Association of Retired Persons
(NIH-AARP) Diet and Health Study, Agricultural Health Study (AHS), United States Radiologic Technologists Study (USRTS), Prostate, Lung,
Colorectal, and Ovarian (PLCO) Cancer Screening Trial, Women’s Health Study (WHS), Cancer Prevention Study-II (CPS-II) Nutrition Cohort,
Iowa Women’s Health Study (IWHS), Black Women’s Health Study (BWHS), and Women’s Health Initiative (WHI).

The pooled RRs for nonmelanoma skin cancer incidence
were 0.96 (95% CI: 0.93, 0.98) for 1 cup/d, 0.92 (95% CI: 0.89,
0.94) for 2 cups/d, 0.88 (95% CI: 0.86, 0.91) for 3 cups/d, 0.85
(95% CI: 0.82, 0.88) for 4 cups/d, 0.78 (95% CI: 0.73, 0.84) for
6 cups/d, and 0.73 (95% CI: 0.65, 0.82) for 8 cups/d. There
was low between-study heterogeneity (I2 = 4.5%; P = 0.61).

Avoided fraction estimates
In the United States, 25.3% (corresponding to 52.2 million
individuals) did not consume coffee, 40.6% (83.3 million)
consumed 1 cup/d, 17.3% (35.7 million) 2 cups/d, 8.6%
(17.8 million) 3 cups/d, 3.6% (7.4 million) 4 cups/d, 1.8% (3.7
million) 5 cups/d, and 3% (6 million) consumed ≥6 cups/d
(Table 3).

The fractions of cases/deaths avoided because of caf-
feinated coffee consumption (maximum prevalence reduction
scenario) were 8.1% for CVD and T2D, 5.5% for HCC,
12.4% for endometrial cancer, 9.0% for melanoma, and 6.4%
for nonmelanoma skin cancer. These figures correspond to
67,520 avoidable CVD cases/deaths, 121,500 T2D cases, 2355
HCC cases, 8137 endometrial cases, 9032 melanoma cases,
and 345,600 nonmelanoma cases (Table 4).

The fractions of cases/deaths avoided under the shifted
prevalence consumption scenario were 4.5% (∼41,145 avoid-
able cases/deaths) for CVD, 3.8% (57,000 cases) for T2D,

4.8% (2055 cases) for HCC, 3.6% (2362 cases) for endome-
trial cancer, 4.0% (4014 cases) for melanoma, and 2.7%
(145,800 cases) for nonmelanoma cancer.

Discussion
This meta-analysis of 26 US prospective studies, including
42 distinct cohorts, indicates a significant inverse associ-
ation between caffeinated coffee consumption and CVD
incidence/mortality, T2D incidence, endometrial cancer
incidence, melanoma incidence, and nonmelanoma skin
cancer incidence. Similarly, coffee consumption was inversely
associated with HCC incidence, without reaching the level
of statistical significance. The dose–response relation was
nonlinear uniquely for CVD incidence/mortality. In partic-
ular, the largest risk reduction for CVD incidence/mortality
was observed for 3–4 cups/d and no risk reduction was
observed thereafter. Conversely, the risk for other outcomes
decreased linearly over the whole coffee consumption range.
Assuming these associations are causal and the risk es-
timates unbiased, the actual patterns of coffee consump-
tion would account for a fraction of avoided cases/deaths
ranging from 6% to 12% according to the outcome
considered.

Comparable nonlinear associations between coffee con-
sumption and CVD incidence/mortality in the US popula-
tion were reported in previous dose–response meta-analyses
(37, 38, 42) where no further risk reduction was observed for
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a consumption of ≥4 cups/d. Likewise for other outcomes, no
evidence of nonlinear relation emerged in previous reviews
and meta-analyses (39–41, 60), not restricted to the US
population.

Coffee is widespread in the United States, with three-
quarters of the population being regular consumers. In the
2018/2019 fiscal year, US coffee consumption amounted
to nearly 26.5 million 60-kg bags (61). Habitual coffee
consumers seem to develop a partial tolerance to the effects
of caffeine (62). Recent reviews reported no association
between caffeine levels and adverse effect in healthy adults
(63, 64). Furthermore, coffee contains other bioactive com-
pounds, which acting synergically could be responsible for
some beneficial health effects. Various studies found an
inverse association between coffee consumption and the
concentrations of systemic immune and inflammatory mark-
ers (65, 66). Phenolic compounds (i.e., chlorogenic, caffeic,
ferulic, and cumaric acids) and diterpenes (i.e., cafestol and
kahweol) have an important role in preventing, delaying, and
protecting against oxidative stress, which can damage cells,
proteins, and DNA. A recent umbrella review of the evidence
across meta-analyses of observational and interventional
studies on the association between coffee consumption and
any outcome concluded that “coffee consumption seems
generally safe within usual levels of intake” (6). In our study,
we estimated an amount of >550,000 avoided cases/deaths
under the maximum prevalence reduction scenario, and
>250,000 under the shifted prevalence consumption scenario
considering all outcomes jointly.

Our study has several strengths. First, the dose–response
meta-analytic approach provides a complete description of
the relation between coffee consumption and outcomes con-
sidered. Second, including studies with prospective design
only should have minimized potential selection and recall
biases. Another strength is the large number of cases/deaths,
which should guarantee stable estimates. Lastly, we did not
find evidence of publication bias.

A limitation consists of the low number of studies
included in the meta-analyses for detecting publication
bias. In particular, the statistical power of the Egger test
is limited when the number of studies is <10 (67). Only
the meta-analysis of CVD and T2D outcomes included
>10 cohorts. A second limitation is the potential misclassifi-
cation of the exposure due to self-reporting coffee consump-
tion. We cannot exclude the presence of residual confounding
from observational study design. However, we included
only studies adjusted for sex, age, and smoking—the most
important potential confounders for coffee consumption; in
addition, most of the studies were further adjusted for major
risk factors of the corresponding outcomes (e.g., physical
activity and diet for CVD; BMI for T2D; alcohol use for HCC;
oral contraceptive or replacement therapy for endometrial
cancer; sunlight exposure for melanoma and nonmelanoma
skin cancer) limiting this type of bias. Moreover, studies
included were not adjusted for the use of additives (e.g.,
milk, cream, sugar) which might contribute to the variability
of the results. Lastly, for the purpose of obtaining a more
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TABLE 4 Attributable fraction (AF) and number of cases or deaths1 avoided of selected outcomes according to 2 different counterfactual
prevalences of caffeinated coffee consumption. United States, 1987–2017 and NHANES 2003–2004 and 2005–2006

Maximum prevalence reduction scenario Shifted prevalence consumption scenario

Outcome AF, %
Cases or deaths

avoided, n AF, %
Cases or deaths

avoided, n

CVD incidence/mortality 8.1 67,520 4.5 41,145
T2D incidence 8.1 121,500 3.8 57,000
HCC incidence 5.5 2355 4.8 2055
Endometrial cancer incidence 12.4 8137 3.6 2362
Melanoma incidence 9.0 9032 4.0 4014
Nonmelanoma skin cancer incidence 6.4 345,600 2.7 145,800

1According to disease incidence/mortality statistics of the American Heart Association, Centers for Disease Control and Prevention, and American Cancer Society. CVD,
cardiovascular disease; HCC, hepatocellular carcinoma; T2D, type 2 diabetes.

reliable estimation of coffee consumption in United States, we
used surveys of NHANES 2003–2004 and 2005–2006, which
were the only surveys that allowed combining information
of multiple nonconsecutive 24-h dietary recalls and an FFQ.
Over the years, the prevalence of coffee consumption might
have changed. However, Loftfield et al. (56) showed no
significant difference (P = 0.09) of adjusted means of coffee
intakes over the NHANES survey cycle (i.e., from 2003–2004
to 2011–2012).

In conclusion, this study confirms the beneficial health
effects of caffeinated coffee consumption in the US popula-
tion on CVD, T2D, HCC, endometrial cancer, melanoma,
and nonmelanoma skin cancer, and quantifies their possible
magnitude.
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