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Abstract

Background—~Considerable controversy exists regarding the association between coffee
consumption and cardiovascular disease (CVD) risk. A meta-analysis was performed to assess the
dose-response relationship of long-term coffee consumption with CVD risk.

Methods and Results—Pubmed and EMBASE were searched for prospective cohort studies of
the relationship between coffee consumption and CVD risk, which included coronary heart
disease, stroke, heart failure, and CVD mortality. Thirty-six studies were included with 1,279,804
participants and 36,352 CVD cases. A non-linear relationship of coffee consumption with CVD
risk was identified (P for heterogeneity = 0.09, P for trend < 0.001, P for non-linearity < 0.001).
Compared with the lowest category of coffee consumption (median: 0 cups/d), the relative risk of
CVD was 0.95 (95% ClI, 0.87 to 1.03) for the highest (median: 5 cups/d) category, 0.85 (0.80 to
0.90) for the second highest (median: 3.5 cups/d), and 0.89 (0.84 to 0.94) for the third highest
category (median: 1.5 cups/d). Looking at separate outcomes, coffee consumption was non-
linearly associated with both CHD (P for heterogeneity = 0.001, P for trend < 0.001, P for non-
linearity < 0.001) and stroke risks (P for heterogeneity = 0.07, P for trend < 0.001, P for non-
linearity< 0.001) (P for trend differences > 0.05).

Conclusions—A non-linear association between coffee consumption with CVD risk was
observed in this meta-analysis. Moderate coffee consumption was inversely significantly
associated with CVD risk, with the lowest CVD risk at 3 to 5 cups/d, and heavy coffee
consumption was not associated with elevated CVD risk.
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INTRODUCTION

Methods

Coffee is one of the most widely consumed beverages around the world; thus, investigating
whether or not coffee consumption is associated with chronic disease risk has important
public health implications. The relationship between coffee consumption and risk of
coronary heart disease was first studied in the 1960s, given that the prevalence of coffee
drinking and CHD were both high in western countries.! Short-term metabolic studies found
that caffeine ingestion acutely induces cardiac arrhythmias, and increases plasma renin
activity, catecholamine concentrations, and blood pressure.2 2 In the 1980s, cross-sectional
studies found a positive association between coffee consumption and serum total cholesterol
concentrations, which might be related to the coffee brewing method (i.e. boiled or
unfiltered coffee). A later randomized trial showed that boiled coffee consumption
increased the serum cholesterol.> From the 1980s to the 2000s, many case-control studies,
which are prone to recall and selection bias, showed a positive association between coffee
consumption and CHD risk.5-8 In contrast, meta-analyses of prospective cohort studies
tended to find no association, although results varied substantially across studies.?: 10

Since 2000, the association between coffee consumption and other cardiovascular disease
(CVD) outcomes such as stroke, heart failure, and total CVD mortality has also been more
frequently studied.11-13 Meta-analyses have been published to summarize the association
between coffee and risk of CHD,4 stroke,1® and heart failure.18 These meta-analyses did
not support an association between coffee consumption and a higher CVD risk, but the
shape of the association remains uncertain. Moreover, a number of additional studies have
been published since the publication of these meta-analyses, 1! 13. 17-19 and one recent meta-
analysis paper showed that heavy coffee consumption was not associated with risk of CVD
mortality.2% To examine the dose response association of coffee consumption with
cardiovascular disease risk, we conducted a systematic review and meta-analysis of coffee
consumption and incidence of total CVD outcomes, including incidence of CHD, stroke, and
heart failure, and CVD mortality.

We followed the Meta-Analysis of Observational Studies in Epidemiology?! protocol
throughout the design, implementation, analysis, and reporting of our meta-analysis.

Search strategy and selection criteria

We searched the PubMed and EMBASE databases for prospective studies that had evaluated
the association between coffee consumption and risk of CVD between January 1966 and
March 2013. The computer-based searches included the key words “coffee”, “cardiovascular
disease”, “coronary heart disease”, “stroke”, “mortality”, “heart failure”, “myocardial
infarction”, “ischemic heart disease”, “sudden cardiac arrest”, and “acute coronary
syndrome”. Reference lists of retrieved articles were manually scanned for all relevant
additional studies and review articles. We restricted the search to studies on humans that
were written in English.

Study Selection

Studies were included in this meta-analysis if they met the following criteria: 1) prospective
cohort studies, including case-cohort studies and nested case-control studies with a
prospective design; 2) the exposure was coffee consumption, including total coffee,
caffeinated coffee, or decaffeinated coffee; 3) the outcome was risk of CVD, including
incidence of CHD, stroke, and heart failure, and CVD mortality. Studies were excluded if 1)
the study had a retrospective design; 2) the estimates were presented without standard errors
or other information that allowed calculation of standard errors; 3) the outcome was atrial
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fibrillation, atherosclerosis, hypertension, aortic stiffness, or venous thrombus; 4) no
confounders were adjusted for.

Data extraction and quality assessment

One author (M. D.) assessed study eligibility and extracted the data, the other author (A. S.)
independently double-checked the available data. The following data were extracted from
each study: first author's name, year of publication, geographical location, follow-up time,
sex, age, number of CVD events, number of participants/person-years of follow up,
categories of coffee consumption, mean/median coffee consumption in each category, CVD
assessment method, covariates adjusted for in the multivariable analysis, and relative risks
and the associated measure of variance for all categories of coffee consumption. For cohorts
with published data on several CVVD outcomes, we chose incidence instead of mortality or
heart failure results. For studies with data on both CHD and stroke as the outcome, we
included both in the meta-analysis. The correlation of CHD and stroke was accounted for in
the main analysis (see below). In a sensitivity analysis, we analyzed one of the two
outcomes. The Newcastle-Ottawa quality assessment scale (NOS) 22was used to evaluate the
quality of the included studies. M. D. and S. B. developed the evaluation criteria
(supplemental table 1). The score ranges from 0 to 9 points with a higher score indicating
higher study quality.

To perform a dose-response meta-analysis, we assigned the median coffee consumption in
each category of consumption to the corresponding relative risk for each study. We used
means for this purpose if medians were not reported. If neither the mean nor the median
consumption per category was reported, the midpoint of the upper and lower boundaries in
each category was used to estimate median consumption. If the upper boundary for the
highest category was not provided, the assigned median value was 25% higher than the
lower boundary of that category. If the lower boundary for the lowest category was not
provided, the assigned median value was half of the upper boundary of that category.

Data Synthesis and Analysis

To analyze the trend of coffee consumption and risk of CVD, we used both semi-parametric
and parametric methods. For the semi-parametric method, four coffee consumption groups
were generated, namely lowest, third highest, second highest, and highest. For each study
that was included, the lowest and the highest coffee consumption categories corresponded to
the lowest and highest groups, respectively. For studies with four exposure categories, the
second and third categories corresponded to the second and third highest groups,
respectively. For studies with three exposure categories, the middle category corresponded
to either the second or the third highest group in the meta-analysis, depending on the
similarity of the median coffee consumption to either the second or the third highest group
of the meta-analysis. If the study had more than four exposure categories, two consumption
groups, other than the lowest and highest, were chosen based on their similarity of the
amount of coffee consumption in that category to the second and third highest groups of the
meta-analysis. For each group, we computed correlation coefficients (p) between CHD and
stroke outcomes in the same cohort. We imputed p =1 initially to obtain the most
conservative effect estimates. A random-effects model was used first and was changed to a
fixed-effects model if no between study heterogeneity was found for the random-effects
model (tau-squared < 1). 23 Sensitivity analysis was conducted by imputing different p (0 <
p < 1) to evaluate the robustness of the effect estimates. We used the STATA command
ROBUMETA to obtain the effect estimates.

For the parametric method, a dose-response meta-analysis was performed.24 The number of
cases and participants in each coffee consumption category was extracted to estimate the
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covariance of the relative risk in each study. Together with the observed adjusted variance of
the relative risk, we estimated the variance/covariance matrix of the data. The weight of
each study was calculated as the inverse of the variance/covariance matrix. We used
generalized least squares models (GLST) with the maximum likelihood method to estimate
the coefficients for each study. We fit a fixed-effects generalized linear model first, and
changed to a random-effects generalized linear model if the p value for the goodness of fit/
heterogeneity of the previous model was < 0.05. Additionally, we tested for potential non-
linearity in the association between coffee consumption and CVD risk using a fixed/random-
effects restricted cubic spline model with 3 knots. In sensitivity analysis, we used two-stage
fixed/random-effects dose response models to combine studies that reported results for
categorized coffee consumption and studies with reported results for continuous coffee
consumption. Specifically, the RR of CVD per unit increase of coffee consumption for each
study was first estimated separately by GLST, and then the RRs from all of the studies were
pooled together by a fixed/random-effects model. We used the STATA command GLST for
model fitting, and the command LINCOME to obtain effect estimates for the fitted model.

We performed stratified analyses by baseline hypertension or Ml of the study population,
smoking status, publication year, NOS study quality score, dietary assessment method,
evaluation of stroke or CHD as the outcome, country, sex, and type of coffee (caffeinated
coffee or decaffeinated coffee). The interaction between categorized coffee consumption and
the stratifying variable with the risk of CVD was tested by a likelihood ratio test comparing
the models derived using GLST method with and without the interaction terms. We assessed
the potential for publication bias using Egger's regression symmetry test.2> All analyses
were conducted using STATA Version 11.2 (STATA Corp, College Station, Texas).

Characteristics of studies

Our initial search identified 2587 potentially relevant citations. After screening titles and
abstracts, we identified 53 studies for further evaluation. Of the 53 initially included studies,
we excluded 14 studies due to duplicate publication, one study with point estimate without
standard error, and one nested case control study with a retrospective design. Thirty-six
studies remained in the meta-analysis (Figure 1). The included studies comprised
approximately 1,283,685 study participants and 47,779 CVD cases, including 28,347 CHD
cases, 12,030 stroke cases and 7,402 other CVD cases. Characteristics of these 36 studies
are shown in Table 1. One study had a nested case-control study design, one had a case-
cohort study design, and the rest of the studies were cohort studies. Duration of follow-up
for incident CVD ranged from 6 to 44 years, with a median follow-up of 10 years. Twenty-
one studies were conducted in Europe, 12 in the US, and 3 in Japan. Three studies assessed
coffee consumption repeatedly during the course of the follow-up, and the rest of the studies
assessed coffee consumption at baseline. Thirteen studies assessed coffee consumption
without using a specific dietary assessment method, and the rest of the studies assessed
coffee consumption by diet recalls, diet records or food frequency questionnaires (FFQ).
One study modeled coffee consumption as a continuous variable, and the remaining studies
modeled coffee consumption categorically. Nine studies assessed the association of
caffeinated coffee consumption with CVD risk, and four studies assessed the association of
decaffeinated coffee consumption with CVD risk. The outcome in 17 studies was risk of
stroke, while the outcome in 22 studies was risk of CHD. The scores of the NOS quality
assessment ranged from 3 to 8, and 31 studies had scores of 5 or higher. The corresponding
results of each criteria of the NOS quality assessment for our meta-analysis are shown in
Supplemental Table 1. The study modeling coffee as a continuous exposure was excluded in
the following analysis due to the difficulty of combining the risk estimate with those of other
studies and was only included in the sensitivity analysis.2® All of the remaining 35 studies
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were included in the main analysis, and 29 studies were included in the dose-response
analysis between coffee consumption and risk of CVD.

Coffee consumption and risk of CVD

The relative risks for CVD with different coffee consumption categories relative to the
lowest category are shown in Figure 2. Of the 35 studies, 6 cohorts presented the outcome of
stroke and CHD simultaneously. Compared with the lowest category of coffee consumption
(median and mean: 0 cups/d), the pooled RR for incident CVD was 0.89 (95% Cl, 0.84 to
0.94) for the third highest (median: 1.5 cups/d; mean: 1.48 cups/d), 0.85 (95% CI, 0.80 to
0.90) for the second highest (median: 3.5 cups/d; mean: 3 cups/d) and 0.95 (95% CI, 0.87 to
1.03) for the highest (median: 5 cups/d; mean: 5.5 cups/d) category of coffee consumption
(Figure 2). Low between-study variances of CVD risk were found for each category of
coffee consumption (tau-squared = 0.00 for the random-effects models), and the imputed
correlation coefficient between the risks of stroke and CHD within the same cohort (0 <p <
1) did not have an effect on the relative risk of CVD for each category of coffee
consumption.

Stratified analyses

Stratified analyses were conducted according to baseline hypertension or Ml of the study
population, smoking status, publication year, NOS study quality score, dietary assessment
method (24-h diet recall/diet record/FFQ versus other methods), stroke versus CHD as the
outcome, country, sex, and type of coffee (caffeinated coffee or decaffeinated coffee). No
interactions between categorized coffee consumption and stratification variables in relation
to CVD risk were observed (all P for interactions >0.05) (Figure 3). Only 4 studies provided
the stratified results by age.2”-30 The summarized results showed that, comparing the
highest with the lowest intakes, the RR of CVD was 0.96 (95% CI, 0.65 to 1.42) for age <
65 years, and the RR was 0.91 (95% Cl, 0.59 to 1.40) for age = 65 years.

For the risk of CHD, compared with the lowest category of coffee consumption, the RRs of
CHD were 0.89 (95% Cl, 0.85 to 0.94; P for heterogeneity = 0.83; 12 = 0.0%) for the third
highest category, 0.90 (95% CI, 0.84 to 0.97; P for heterogeneity = 0.02; 12 = 40.3%) for the
second highest category, and 0.93 (95% CI, 0.84 to 1.02; P for heterogeneity < 0.001; 12 =
52.8%) for the highest category of coffee consumption. The corresponding RRs of stroke
were 0.89 (95% Cl, 0.84 to 0.94; P for heterogeneity = 0.58; 12 = 0.0%) for the third
category, 0.80 (95% Cl, 0.75 to 0.86; P for heterogeneity = 0.37; 12 = 6.5%) for the second
category, and 0.95 (95% ClI, 0.84 to 1.07; P for heterogeneity = 0.001; |2 = 54.5%) for the
highest category.

Dose-response analysis of coffee consumption with risk of CVD

In our dose-response analysis, we observed a non-linear association between coffee
consumption and risk of CVD (P for non-linearity < 0.001) with a significant trend (P for
trend <0.001) and limited heterogeneity in study results (P for heterogeneity = 0.09) (Figure
4a). Compared to those with no coffee consumption, the RR estimated directly from the
cubic spline model was 0.95 (95% CI, 0.93 to 0.97) for 1 cup/d, 0.92 (95% ClI, 0.88 to 0.95)
for 2 cups/d, 0.89 (95% ClI, 0.85 to 0.93) for 3 cups/d, 0.88 (95% CI, 0.83 to 0.93) for 4
cups/d, 0.89 (95% ClI, 0.83 to 0.95) for 5 cups/d, 0.91 (95% CI, 0.84 to 0.99) for 6 cups/d,
and 0.93 (95% ClI, 0.85 to 1.03) for 7 cups/d.

Non-linear (p values for non-linearity <0.001) associations between coffee consumption and

disease risk with significant trends (p values for trend <0.001) were found for both CHD and
stroke (Figures 4b and 4c). There was stronger evidence for heterogeneity in study results
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for the association of coffee consumption with CHD risk (P heterogeneity=0.001) than for
the association with stroke risk (P heterogeneity=0.07).

We further explored the reason for the heterogeneity between coffee consumption and CHD
risk by stratifying the studies by publication year (< 2000 or > 2000). We found that in
studies published in year 2000 or earlier, coffee consumption was not significantly
associated with CHD risk (n=13, P for heterogeneity = 0.20), whereas in later studies, coffee
consumption was nonlinearly associated with CHD risk (n= 18, P for heterogeneity = 0.08).
We didn't perform a similar analysis for stroke because very few studies on stroke were
published prior to 2000.

Sensitivity analysis

We tested the robustness of our results in sensitivity analyses. Because the RRs of stroke
and CHD from the same cohort were correlated and a total of 6 studies included both CHD
and stroke results, we conducted a sensitivity analysis by including only one outcome at a
time. Our results remained largely unchanged and non-linear curves were found with
including either CHD or stroke as the outcome (Supplemental Figure 1a and 1b).

One study with coffee consumption modeled as a continuous variable was excluded from the
main analysis;2® we added the RR from this study to the dose-response analysis by a two
stage method and the results did not substantially change.

To test whether the association between coffee consumption and risk of CVD was different
for unadjusted and multivariable adjusted models, we performed a dose-response meta-
analysis of the only age-adjusted data including 34 comparisons (Supplemental Figure 2).
Multivariate adjustment strengthened the inverse association between moderate
consumption and CVD risk, most likely due to adjustment for smoking.

Publication bias

The Egger test did not suggest publication bias for associations for any category of coffee
consumption and risk of CVD (Supplemental Figure 3 and Table 2).

DISCUSSION

The findings from this systematic review and meta-analysis, based on approximately
1,283,685 study participants and 47,779 CVD cases, including about 28,347 CHD cases,
12,030 stroke cases and 7,402 other CVD cases, demonstrate a non-linear association
between coffee consumption and risk of CVD. Moderate coffee consumption (3-5 cups/day)
was associated with lower CVD risk, and heavy coffee consumption (=6 cups/day) was
neither associated with a higher nor a lower risk of CVD.

In contrast to our results, a previous meta-analysis summarizing 21 prospective cohort
studies3! found no association between moderate coffee consumption and CHD risk in the
overall population. One possible reason is that the previous meta-analysis included 7 studies
without adjustment for confounders, which might have biased the relative risks upwards
because of confounding by factors such as smoking.

A recent cohort study by Liu et al32 found that 4 cups per day of coffee consumption was
associated with increased mortality, but the association was only significant for participants
under 55 years old. The results from this study contradict those from this meta-analysis and
the majority of studies in the literature. Possible reasons for this discrepancy include a
relatively small size, lack of updated dietary assessment, and subgroup analysis. In our
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meta-analysis, stratified analysis by age revealed no significant differences in the association
across age groups.

The debate about the relation between coffee consumption and CVD risk mainly stemmed
from inconsistent results according to different study designs. Case-control studies, which
are prone to recall bias and selection bias, tended to show a positive association, whereas
cohort studies generally showed a null association.10 Still, findings from prospective cohort
studies on coffee consumption and CVD risk have remained inconsistent. Differences
among studies in sample sizes, the characteristics of the study populations, the assessment
methods for coffee consumption, and statistical adjustments may have contributed to
divergent results. Since the true association between coffee consumption and CVD risk is
likely to be modest and nonlinear, the differences in coffee assessments and covariate
adjustments may result in changes the magnitude and even the direction of the associations
and thus lead to different conclusions.

The U-shaped association between coffee consumption and CVD risk observed in this meta-
analysis need to be considered from both methodological and biological points of view.
First, individuals with hypertension or other conditions related to CVD risk might have
changed their coffee consumption before baseline. Thus, baseline disease, especially
hypertension, as a confounder could result in reverse causation. However, we observed no
significant difference in the association between coffee consumption and CVD risk between
cohorts with hypertensive and MI patients and the general population cohorts. Second,
smoking is likely to be an important confounder for the association between coffee
consumption and CVD risk, and could bias the relative risks upwards. Heavy coffee
consumption was associated with higher risk of CVD in age-adjusted analyses, but this is
likely due to confounding by smoking. After adjustment for smoking and other covariates,
heavy coffee was consumption was not significantly associated with CVD and the inverse
association between moderate consumption and CVD became stronger.

The non-linear U-shaped between coffee consumption and CVD risk might also be true
based on plausible biological mechanisms. Coffee is a complex chemical mixture with
hundreds of compounds including the phenolic compound chlorogenic acid, caffeine,
minerals such as potassium and magnesium, niacin and its precursor trigonelline, and
lignans. Coffee consumption has been associated with higher insulin sensitivity, a lower risk
of type 2 diabetes, and lower concentrations of inflammatory markers such as C-reactive
protein and E-selectin.33: 34 However, short-term metabolic studies have shown that caffeine
can acutely increase blood pressure by antagonizing the adenosine Al and A2A
receptor,35-37 and could also acutely adversely affect arterial stiffness and endothelium
dependent vasodilation.38: 39 ong-term heavy coffee consumption has been associated with
a slightly elevated risk of hypertension,*0 and a higher level of plasma homocysteine.*1: 42
In addition, cafestol in unfiltered coffee increases serum total cholesterol concentrations.*3
The non-linear U-shaped between coffee consumption and risk of CVD might be due to a
combination of beneficial and detrimental effects: for moderate coffee consumption,
beneficial effects may be greater than adverse effects; whereas for heavy consumption,
detrimental effect may counterbalance beneficial effects. Results from case crossover studies
suggest that coffee consumption transiently increases risk of nonfatal myocardial infarction,
ischemic stroke onset, and sudden cardiac death.#4-46 However, we could not differentiate
acute effects from long-term effects of habitual coffee consumption in this study.

No significant association between decaffeinated coffee consumption with CVD risk was
observed in this meta-analysis. There were several potential explanations. First, the
consumption of decaffeinated coffee was much lower than caffeinated coffee, diminishing
the power to detect any association. Second, the null association might be due to a reverse
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causation problem in that individuals with hypertension or other CVD-related conditions
might switch from regular coffee to decaffeinated coffee. This reverse causation may
mitigate an inverse association between decaffeinated coffee consumption and CVD risk.

We did not observe a significant association between coffee consumption and CHD risk for
earlier publications (2000 or earlier). There are two potential reasons for this finding. First,
coffee brewing methods have changed over time and nowadays the filter method has
become more popular, effectively replacing unfiltered forms of coffee such as boiled coffee
that was more widely consumed by participants in earlier studies. It has been shown that
drinking boiled coffee increases serum cholesterol, an important risk factor for CVD®.
Second, in earlier studies, the sample size was typically small; the measurement of baseline
characteristics was typically crude; statistical control of confounders such as diet was
inadequate; and the average NOS study quality score was lower. Our stratified analysis
showed that coffee consumption was not associated with CVD risk in subgroups with a
lower NOS score.

A study by Cornelis MC et al.#” showed that CYP1A2 genotype was an effect modifier
between coffee consumption and risk of myocardial infarction: coffee consumption was
related to higher risk of myocardial infarction for the slow caffeine metabolizer, and was not
related to myocardial infarction for the fast caffeine metabolizer. However, this analysis was
based on a case-control study conducted in Costa Rico and the results have not been
replicated in prospective cohort studies yet.

Recently, a genome-wide association study (GWAS) found a highly significant association
between a variant on CYP1A2 and coffee intake*®. However, this variant explains only a
very small population variance. Since the vast majority of our participants were Caucasians,
the allele frequency was expected to be consistent across various cohorts. ldeally, the meta-
analyses should be done according to different genotypes of CYP1A2. However, none of the
included cohorts assessed the genotypes and thus we were unable to conduct such a
stratified analysis.

Our meta-analysis has several strengthens. First, our meta-analysis included 35 cohort
studies and 1,283,685 participants, which provided sufficient power to detect modest
associations. Second, because of the prospective design of all included studies, differential
misclassification of coffee consumption due to recall bias was minimized and the likelihood
of selection bias is reduced. Third, we used both semi-parametric and parametric methods,
and both analyses indicated a U-shaped relationship between coffee consumption and CVD
risk. Finally, we conducted stratified analyses according to disease endpoints, geographic
locations of the studies, type of coffee, and baseline characteristics of the study populations.
The subgroup results are highly consistent and robust.

Our study also has several limitations. Given the observational nature of the studies, the
possibility of residual confounding cannot be excluded. However, since higher coffee
consumption was generally associated with a less healthy lifestyle such as a higher
prevalence of cigarette smoking, less physical activity, and a less healthy diet, the observed
association between moderate coffee consumption and a lower CVD risk is unlikely to be
explained by these confounders. In addition, residual confounding by smoking may have
biased the association for heavy coffee consumption upward, which may explain our finding
that adjustment for smoking and other covariates actually strengthened the inverse
association. Nonetheless, because of the observational nature of the included studies, a
causal relationship cannot be established with these data alone. In addition, coffee brewing
methods were not assessed in the included studies. However, given coffee consumption
habits in the studied populations most consumed coffee is likely to have been filtered coffee.
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As a result, our results may not apply to unfiltered coffee (e.g. French press, Scandinavian
boiled, or Turkish/Greek coffee).

In

conclusion, our meta-analysis suggests a non-linear relationship between coffee

consumption and CVD risk. Moderate coffee consumption was associated with lower CVD
risk, with the lowest CVD risk at 3 to 5 cups/d of coffee consumption, and heavy coffee
consumption was not associated with CVD risk. This non-linear association with coffee
consumption was observed for both the risk of CHD and stroke.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical perspective

Coffee is one of the most widely consumed beverages around the world, and its
association with cardiovascular disease has been investigated in numerous epidemiologic
studies. However, a key issue that remains to be resolved is the dose response
relationship of long-term coffee consumption with cardiovascular disease (CVD) risk,
including incidence of CHD, stroke, and heart failure, and CVD mortality. In the current
meta-analysis, we summarized results from 36 prospective cohort studies on coffee
consumption and CVD risk with 1,279,804 study participants and 36,352 CVD cases. We
found a non-linear relationship of coffee consumption with CVD risk: moderate coffee
consumption was associated with lower risk of CVD, with the lowest CVD risk at 3 to 5
cups/d, and heavy coffee consumption was not associated with risk of CVD. Looking at
separately, we also found non-linear relationships of coffee consumption with CHD and
stroke risks. The present study provides strong evidence that long-term heavy
consumption of coffee is not associated with CVD risk, and also provides insight into the
potential mechanism of the non-linear relationship between coffee consumption and
CVD risk. We believe that this report will be of significant interest to clinicians involved
in the prevention and treatment of CVD.
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Study selection process of coffee consumption and risk of CVD.

Circulation. Author manuscript; available in PMC 2015 February 11.

Page 13



duasnuely Joyiny vVd-HIN 1duosnuey JoyIny vd-HIN

duasnuely Joyiny vd-HIN

Ding et al. Page 14

Study risk

o : raio (95% CI)
Martin et al (stroke mortality) (1988) [ 0.73(0.37, 1.45)
Martin etal (CHD mortality) (1988) [ 0.93(0.66, 1.31)
Kiatsky et al (other CHD) (1990) - 0.90(0.72,1.12)
Kiatsky et al (MI) (1990) - 0.78 (0.56, 1.08)
Grobdee et al (Sroke, men) (1990) 058 (0.25,1.35)
Lindsted (CVD mortality) (1992) —— 138(1.18,162)
Klag et al (CHD) (1994) r——— 1.70(0.78,3.69)
Hart et al (CHD mortality) (1997) EE— 1.17(0.83, 1.65)
Woodward (CHD, women) (1999) 0.54(0.22,1.33)
Woodward (CHD, men) (1999) o 0.68 (0.42,1.10)
Jazvec et al (CVD mortality, men) (2003) 0.70(0.49, 1.00)
Jazvec et al (CVD mortality, women) (2003) 0.88(0.56, 1.39)
Lopez-Garcia et al (CHD, women) (2006) 0.84(0.73,0.96)
Andersen et al (CVD mortality) (2006) 0.76 (0.64,091)
Bidel et al (stroke mortality) (2006) o 0.77 (0.50, 1.19)
Lopez-Gardia et al (CHD, men) (2006) — 0.97 (0.85, 1.10)
Siltetta et al (CVD) (2007) — 1.02(0.87, 1.20)
Greenbderg et al (CVD montality, >=65y) (2007) 0.72(0.52,0.99)
Greenberg et al (CVD mortality, <65y) (2007) 0.95(0.38,2.36)
Larsson et al (stroke) (2008) o 0.91(0.79, 1.05)
Happonen et al (CVD montaity) (2008) —— 0.96(0.72,127)
Ahmed et al (heart failure) (2009) = 0.87 (0.69, 1.10)

Lopez-Gardia et al (stroke, women) (2009) 0.88(0.76,1.01)

Mukamal et al (i) (2009) E— 0.97 (0.65, 1.45)
Mukamal et al (stroke) (2009) ————— 1.08(0.57.2.03)
Leurs et al (stroke, women) (2010) 0.79(0.57, 1.09)
Leurs et al (CHD, women) (2010) 0.75(0.58,0.97)
Gans et al (CHD mortality) (2010) SE— 1.06(061,184)
Gans et al (sroke mortality) (2010) ————— 0.86(0.39, 1.88)
Sugiyama et al (CVD mortality, women) (2010) 0.56(0.36,0.87)
Leurs et al (stroke, men) (2010) p— 0.84(0.60, 1.18)
Leurs et al (CHD, men) (2010) e 0.91(0.71,1.16)
Gans et al (CHD morbility) (2010) + 0.85(0.70, 1.04)
Gans et al (stroke morbility) (2010) ro——— 1.08(0.79, 1.47)
Sugiyama et al (CVD mortality, men) (2010) o 1.09(0.79,151)
Larsson et al (stroke) (2011) 0.78(0.66,0.92)
Mineharu et al (CVD mortality, women) (2011) — 0.87(0.62,1.23)
Mineharu et al (CVD mortality, men) (2011) 0.71(0.53,0.96)
Floegel et al (CVD) (2012) fr— 0.94(0.64,1.37)
Rautiainen et al (MI) (2012) 0.87(0.68,1.12)

Freedman et al (CHD mortality, women) (2012)
Freedman et al (stroke mortality, women) (2012)

0.91(0.81,1.03)
— 0.89(0.70,1.13)

g III*HHMH “ill{ Hii ” 1 |1l}

Freedman et al (CHD mortality, men) (2012) 092(0.84,1.01)
Freedman etal (stroke mortality, men) (2012) - 0.92(0.73,1.15)
Kokubo etal (CVD)(2013) 0.89(0.81,0.98)
Overall effect (0f=35) 0.89(0.84,0.94)
I I
219 1 457
Study sk
1] ratio (95% CI)
Martn et al (stroke mortalty) (1988) —_—— 061(026,1.44)
Martn et al (CHD mortaiky) (1988) —_— 081(053,123)
Ktsky et al (cther CHD) (1990) — 089 (0.76,1.04)
Ktsky et al (M) (1990) -+ 1.16 (0.93, 1.45)
Grobbee et al (Stroke, men) (1990) ——— 068 (0.36,1.30)
Kag et ol (CHD) (1994) ——— 3,02 (137, 6.65)
Gynteberg et al (CHD) (199%) —— 1,00 (0.71, 141)
Hart et ol (CHD mortaity) (1997) —— 1.16 (0.81, 1.66)
Woodward (CHO, women) (1999) ————— 056 (020, 1.56)
Woodward (CHD, men) (1999) ——— 039(021,073)
Kisemola et o (Ml morbity, women) (2000) —_— 084 (062,1.13)
Kieemola et sl (CHD mortaity, women) (2000) —_— 067 (041, 1.08)
Kizerola et sl (MI morbity, men) (2000) — 095 (079, 1.15)
Kieemola et l (CHD mortaity, men) (2000) — 123(093,162)
Jazbec et al (CVD mortaky, men) (2003) —_— 082 (058, 1.16)
Jazbec et ol (CVD mortaky, women) (2003) —— 067 (0.43, 1.05)
Lopez.Garca et al (CHD, women) (2006) — 099 (083, 1.18)
Andersen et al (CVD mortalty) (2006) —— 081(066,099)
Bidel et 8l (stroke mortaity) (2008) —_— 064 (041,099)
Lopez-Garca et al (CHD, men) (2006) —t— 1.07 (0.8, 131)
Siletta et al (CVD) (2007) — 091(0.75,1.10)
Greenberg et al (CVD mortakty, >+6Sy) (2007) —— 069 (052,092)
Greenberg et ol (CVD mortaity, <6Sy) (2007) ——— 0.79(034,1.84)
Larsson et o (stroke) (2008) —— 083 (0.76, 1.01)
Happonen et al (CVD mortaity) (2008) — 089 (064,124)
Abeed et ol (heart fadure) (2009) —_— 089 (069, 1.15)
Lopez-Garcia et al (stroke, women) (2009) ——] 084 (0.72,0.98)
Mukamal et al (MI) (2009) —_—— 075 (050, 1.13)
Mutamol et ol (stroke) (2009) ——— 0.94 (049, 1.79)
Leurs et al (CHD, women) (2010) —_— 062 (0.46,0.84)
Leurs et ol (stroke, women) (2010) —_— 070 (048, 1.02)
Gans et al (stroke mortaity) (2010) —_—— 120 (0.59, 248)
Gans et l (CHD mortaity) (2010) —_— 064 (037, 1.11)
Sugiyama et al (CVD mortalty, women) (2010) —_—— 0,48 (029, 0.80)
Leurs et ol (CHD, men) (2010) —_—— 1.02(0.79,131)
Leurs et ol (stroke, men) (2010) ——t 0.72(0.50, 1.04)
Gans et 8l (CHD morbity) (2010) —— 082 (068, 0.98)
Gans et al (stroke morbity) (2010) —r— 1.10 (082, 147)
Suglyama et al (CVD mortaity, men) (2010) —_— 0.85 (057, 1.26)
Larsson et al (stroke) (2011) —— 0.75 (064, 088)
Mineharu et al (CVD mortaity, women) (2011) —_— 077 (057, 1.03)
Mineharu et ol (CVD mortaity, men) (2011) —— 084 (068, 1.04)
Floegel et al (CVD) (2012) — 1.02(0.75,1.38)
Rautisinen et al (W) (2012) ——— 088 (069, 1.13)
Freedman et al (CHO mortaity, women) (2012) —— 0.78 (068, 0.90)
Freedman et al (stroke mortaity, women) (2012) — 082 (062, 1.09)
Freedman et al (CHO mortalty, men) (2012) —-— 087 (0.79,0.96)
Freedman et al (stroke mortaity, men) (2012) —_—— 065 (051,0.83)
Kolubo et al (CVD) (2013) - 0.84(0.76,092)
Overal effect (41=37) - 0.85 (0.80, 0.90)
T T
18 1 668

Circulation. Author manuscript; available in PMC 2015 February 11.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuey JoyIny vd-HIN

Ding et al.

Page 15

risk
) ratio (9% C1)

1,64 (0.0, 3.37)
0.80 (0.48, 1.39)
1.30 (0.58, 3.03)
1.42(1.11, 1.81)
1.03 (0.85, 1.24)
0.48(0.18, 1.29)
1.60 (0.00, 4.28)
4.10 (1.29, 13.06)
1.40 (0.81, 2.42)
1.44 (1.18, 1.70)
294 (1.27, 0.8)
0,60 (033, 1.10)
1.49 (0.89, 2.48)
2.10 (1.20, 3.09)
0,55 (0.18, 1.67)
0,68 (0.37, 1.24)
093 (063, 1.37)
0,57 (028, 1.16)
0.73 (0.64, 0.58)
1.2 (0.90, 1.05)
0.72 (0.4, 1.18)
0,62 (0.0, 1.28)
1.43 (1.05, 1.94)

0.72 (0.49, 1.08)
0,88 (0.64, 1.20)
0.53 (0.38, 0.74)
0,86 (0.51. 1.44)
1.00 (0.84, 1.20)
0.7 (0.08, 0.90)
0.84 (0.48, 1.47)
0.89 (0.09, 1.15)
0.85 (0.09, 1.05)
0.84 ©.51, 1.39)
0.74 0.31. 1.76)
071045, 1.12)
1.10 ©.63, 1.97)
0.73(0.37. 1.43)
1.34 (049, 3.65)
0.45 .20, 1.02)
1.15©.74. 1.78)
117 0.99, 1.59)
0.91©.74, 1.19)
1.22 0.8, 1.70)
088 (0.50, 1.39)
0.7 0.64, 0.93)
230 (1.31, 4.03)
197 77 1T
1.10 084, 1.44)

T 'M*‘“T*H

0.88 (0.78, 1.00)
0.83 (001, 1.13)
0.89 (0.90,0.99)
0.95 (0.87, 1.03)

ity il.x.l}”II‘IHIMHIHH Ml“ } | II. 1,

Figure2.

A. Forest plot of the association between third highest level of coffee consumption (median
consumption: 1.5 cups/d) and risk of CVD compared to the lowest level (median
consumption: 0 cup/d). The overall effect was obtained from a fixed-effects model that
accounted for correlated outcomes. Ml means myocardial infarction incidence; CVD means
cardiovascular disease incidence; stroke means stroke incidence. B. Forest plot of the
association between second highest level of coffee consumption (median consumption: 3.5
cups/d) and risk of CVVD compared to the lowest level (median consumption: 0 cups/d). The
overall effect was obtained from a fixed-effects model that accounted for correlated
outcomes. MI means myocardial infarction incidence; CVD means cardiovascular disease
incidence; stroke means stroke incidence. C. Forest plot of the association between highest
level of coffee consumption (median consumption: 7 cups/d) and risk of CVD compared to
the lowest level (median consumption: 0 cups/d). The overall effect was obtained from a
fixed-effects model that accounted for correlated outcomes. MI means myocardial infarction
incidence; CVD means cardiovascular disease incidence; stroke means stroke incidence.
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Figure 3.

145

Stratified analysis of the association between coffee consumption and risk of CVD. The
included studies for the stratified analysis were the same as that for the dose response
analysis. n was the number of comparisons for the highest level of coffee consumption. NOS
score: the score using the Newcastle-Ottawa scale; specific dietary assessment method: diet
that was assessed by 24h diet recall, diet record or food frequency questionnaire.
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1.4

P for heterogeneity = 0.07, P for trend < 0.001, P for non-linearity < 0.001 rd
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Figure4.

A. Coffee consumption and risk of CVD (n = 47). B. Coffee consumption and risk of CHD
(n = 31). C. Coffee consumption and risk of stroke (n = 22). D. Dose response relationships
of coffee consumption with risk of CVD. n was the number of comparisons.
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