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Abstract

Background—There have been discrepant findings on the association between coffee
consumption and risk of incident heart failure.

Methods and Results—We conducted a systematic review and a dose-response meta-analysis
of prospective studies that assessed the relationship between habitual coffee consumption and the
risk of heart failure. We searched electronic databases (MEDLINE, EMBASE, and Cinahl) from
January 1966 through December 2011 with the use of a standardized protocol. Eligible studies
were prospective cohort studies that examined the association of coffee consumption with incident
heart failure. Five independent prospective studies of coffee consumption and heart failure risk,
including 6,522 heart failure events and 140,220 participants were included in the meta-analysis.
We observed a statistically significant J-shaped relationship between coffee and heart failure.
Compared to no consumption, the strongest inverse association was seen for 4 servings/day, and a
potentially higher risk at higher levels of consumption. There was no evidence that the relationship
between coffee and heart failure risk varied by sex or by baseline history of MI or diabetes.

Conclusions—Moderate coffee consumption is inversely associated with risk of heart failure,
with the largest inverse association observed for consumption of 4 servings per day.
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There have been discrepant findings on the association between coffee consumption and
incident heart failure. Wilhelmsen and colleagues? reported that compared to no coffee
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consumption, the risk of hospitalization or death from heart failure was 17% higher (95%
confidence interval 1.05-1.30) among men who consumed 5 or more cups of coffee per day.
This finding served as the basis for the suggestion in the most recent statement from the
American Heart Association on heart failure prevention,? stating that coffee may increase
heart failure risk. However, the Wilhelmsen analysis did not adjust for any potential
confounders. Subsequent studies have shown that coffee may protect against heart failure
incidence3 or that no association exists.# > One study® found an inverse association that was
statistically significant among women, but not men. However, most of these studies did not
have sufficient power to detect modest results.

Since the results have been inconsistent and the prior studies had limited power, we
conducted a systematic review and a dose-response meta-analysis of prospective studies that
assess the relation between habitual coffee consumption and the risk of heart failure.

We followed the Meta-Analysis of Observational Studies in Epidemiology’ protocol
throughout the design, implementation, analysis, and reporting for this study.

Literature Search Strategy

We performed a literature search of the CINAHL, Embase and PubMed databases from
January 1966 through December 2011 using the key words “coffee” and “heart failure”
without restrictions. We also reviewed the reference lists of retrieved articles. We reviewed
all articles with an abstract suggesting that it was relevant. Prospective cohort studies were
included if they reported odds ratios (ORs) or incidence rate ratios (IRRs) with 95%
confidence intervals (CI) of heart failure incidence or mortality.

Data extraction

The following details were recorded for each study: author, year of publication, cohort/study
name, geographic location of study, study period, participants' sex, age range at baseline,
health at baseline (no prior Ml, prior M, history of diabetes) and outcome (nonfatal or fatal,
primary or secondary cause). For each study, we obtained information about the levels of
coffee intake, the number of cases and the total population or person-time at risk at each
exposure level, the adjusted estimates of the odds ratio or incidence rate ratio compared with
abstention for each exposure level, and the corresponding lower and upper 95% confidence
intervals (95% CI) of the adjusted IRRs.

We extracted the relative risks for the models with the greatest degree of adjustment for
potentially confounding variables, but if an additional model was reported that further
adjusted for potential intermediates of the association between coffee and heart failure, we
used the data from the model that did not include the intermediates. Data abstraction was
conducted independently by two investigators (EM, MSR), with disagreements adjudicated
by a third reader (MAM). For articles that did not include all of the necessary data for the
meta-analysis, we contacted authors for additional information.

Statistical analysis

Since some studies used different categories of coffee consumption, we conducted a dose-
response meta-analysis to assess the pooled dose-response relation between coffee
consumption and risk of heart failure for studies that considered at least three levels of
coffee consumption including the reference category. For every study, the median or mean
coffee intake for each category was assigned to each corresponding odds ratio or incidence
rate ratio. When the median or mean intake per category was not provided by the study
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authors, we assigned the midpoint of the upper and lower boundaries in each category as the
average intake. If the lower or upper boundary for the lowest and highest category
respectively was not reported, we assumed that the boundary had the same magnitude as the
closest category.

We used the method described by Greenland and Longnecker® to compute study-specific
odds ratios or incidence rate ratios and 95% confidence intervals (CI) from the natural
logarithms of the relative risks and confidence intervals across categories of coffee
consumption. To examine a potential nonlinear relationship between coffee intake and heart
failure risk, we performed a 2-stage random-effects dose—response meta-analysis, as
summarized recently.? At the first stage, we constructed study-specific restricted cubic
spline models with 4 knots at fixed percentiles (5% 35% 65% 95%) of the exposure
distribution1? assuming the fixed effects model. At the second stage, we combined the
study-specific estimates and the variance/covariance matrix that had been estimated within
each study using a random-effects model for meta-analysis.11 We conducted a test for the
overall significance of the curve by testing the joint impact of the spline transformations. We
examined whether a nonlinear relationship exists by testing the null hypothesis that the
regression coefficients of the spline transformations are all equal to zero. We assessed
whether our results were different for men and women and for results based on people with
versus without a prior myocardial infarction or diabetes at baseline. We did not have
sufficient statistical power to formally assess differences between these subgroups, so we
conducted stratified analyses and reported a qualitative assessment of any differences. We
carried out sensitivity analyses excluding one study at a time to explore whether the results
were driven by a single large study.

Statistical heterogeneity among studies was assessed using the / statistic.12 Possible
publication bias was evaluated with Egger's regression asymmetry test.13 All statistical
analyses were conducted using SAS 9.2 (SAS Institute, Inc., 2003) and the metadose macro®
with 2-tailed a set at p<0.05 for statistical significance.

The search identified 116 publications, and after excluding 27 duplicates, an additional 84
articles were excluded after review of the title or abstract (Figure 1). The meta-analysis
included fivel- -6 independent prospective studies of coffee consumption and heart failure
risk published between 2001 and 2011 (Table). Combined, these studies included 6,522heart
failure events among 140,220 participants. Four of the studies were conducted in

Sweden? 3-5 and one was conducted in Finland.® Three of the studies consisted of
participants with no history of myocardial infarction (M1),1: 5 6 one consisted of participants
with a history of M1,3 and one included separate analyses for people with and without a
history of diabetes or M1.# Two of the studies included men, 4 one included women® and
two included both men and women.3: 6

We found a nonlinear association between coffee consumption and heart failure risk (p for
nonlinearity =0.02; p for overall significance of curve=0.02) (Figure 2a). Compared with no
coffee consumption, the pooled relative risk for heart failure was 0.96 (95% CI1 0.90 -0.99)
for 1-2 servings/day, 0.93 (95% CI 0.86 to 0.99) for 2-3 servings/day,0.90 (95% ClI
0.82-0.99) for 3-4 servings/day, 0.89 (95% CI 0.81-0.99) for 4-5 servings/day, 0.91 (95% CI
0.83-1.01) for 5-6 servings/day, 0.93 (95% CI 0.85-1.02) for 6-7 servings/day, 0.95 (95% CI
0.87-1.05) for 7-8 servings/day, 0.97 (95% CI 0.89-1.07) for 8-9 servings per day, 0.99
(95%CI 0.90-1.10) for 9-10 servings/day, 1.01 (95%CI 0.90-1.14) for 10-11 servings/day
and 1.03 (95% CI 0.89-1.19) for 11 servings/day.
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The relationship between coffee consumption and heart failure incidence did not vary by sex
or by history of myocardial infarction or diabetes. The results were not meaningfully altered
in sensitivity analyses excluding one study at a time. In a sensitivity analysis excluding the
one study that did not adjust for potential confounders, the curve is shifted slightly to the
right, indicating that the inverse association exists for most levels of observed coffee
consumption. There was moderate between-study heterogeneity among study-specific
estimates (12=37.5%). Egger's regression test provided no evidence of substantial publication
bias (p=0.17), but since we had a small number of studies, formal assessment of publications
bias may not be appropriate.

Discussion

The results of this meta-analysis of five independent prospective studies indicate that there is
a statistically significant J-shaped relationship between coffee and heart failure, with the
strongest inverse association observed for 4 servings per day (11% lower risk) and returns to
baseline beyond 10 cups of coffee per day. In stratified analyses, there was no evidence that
the relationship varied by sex or by baseline history of Ml or diabetes.

While heart failure shares many risk factors with other cardiovascular diseases, such as
hyperlipidemia, obesity and increasing age, elevated blood pressure and diabetes mellitus
are particularly strong risk factors for heart failure.2 Experimental studies have consistently
shown that coffee and caffeine are associated with acutely raised blood pressure,14: 12
circulating concentrations of (nor)epinephrine, increased arterial stiffness and impaired
endothelium dependent vasodilation.18 For instance, Noordzij'® reported that for every cup
of coffee consumed, systolic pressure increased by 2.04 mmHg (95% CI 1.10 to 2.99) and
diastolic pressure by 0.73 mmHg (95% CI, 0.14 to 1.31). Findings from studies of habitual
consumption and heart disease have been inconsistent'8: 17 with reports from case-control
studies showing increased risk and prospective studies showing either an increased risk, no
association or that coffee is protective against cardiovascular disease.1® A recent meta-
analysis reported that habitual light to moderate coffee consumption (1 to 3 cups/day)
increased the risk of developing hypertension, but more frequent consumption (>3 cups/day)
posed no increased risk.1® These findings are concordant with trials showing that one
develops a tolerance to the acute hemodynamic effects of caffeine in response to habitual
moderate consumption.18 There is also consistent evidence that frequent coffee consumption
is associated with a lower risk of type 2 diabetes, with most studies showing greater
reductions in diabetes risk with higher levels of coffee consumption.20: 21

Despite the small number of studies included in the meta-analyses, it consisted of high
quality prospective studies with large samples, many cases and a long duration of follow-up.
Our meta-analysis cannot address any confounding that may remain in the adjusted analyses
of the original studies, though all but onel of the studies included in our meta-analysis
accounted for important confounders such as age, body mass index, alcohol consumption
and smoking status. The studies relied on self-reported coffee consumption, which may
involve misclassification of coffee intake. This may impact the location of the nadir in our
risk curve and make it difficult to detect statistically significant associations. However, since
these studies were prospective, the misclassification of coffee consumption is unlikely to
vary by the future incidence of heart failure. In all of the studies, coffee consumption was
measured at a single time point, which does not allow for examination of the effect of
changing consumption. Because there is a common belief that coffee is harmful, people with
health conditions may lower their coffee consumption, but most of the studies included in
this analysis were restricted to people with no Ml or diabetes at baseline, and in a sensitivity
analysis, the results were similar when we excluded the studies that enrolled people with a
history of Ml or diabetes.
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The studies included in this meta-analysis may have involved consumption of different types
of coffee (e.g., caffeinated vs. decaffeinated coffee). However, in Sweden?? and Finland,23
most of the coffee consumed is caffeinated. Although we cannot examine whether heart
failure risk varies by coffee type, prior studies did not find differences in the risk of
hypertension for caffeinated versus decaffeinated coffee24 25, and since hypertension is a
strong risk factor for heart failure, it is possible that protection against heart failure would
not differ between caffeinated and decaffeinated coffee. The included studies may have
involved different methods of coffee preparation (e.g., filtered, boiled, espresso). The impact
of boiled coffee, which contains the higher concentrations of cholesterol-raising oils,14
should be examined in future research. All of the included studies involved participants from
Nordic countries with high consumption of caffeinated coffee; future research in other
countries and populations that drink decaffeinated coffee would help elucidate whether
decaffeinated coffee impacts heart failure risk.

The findings are reported in terms of servings per day, but coffee intake is determined by the
strength of the brew and the size of the coffee serving. Stronger brews may have higher
levels of caffeine, antioxidants and other compounds that in turn impact cardiovascular
health. The brew is usually weaker in the US than in Europe, but the size of a standard
serving of coffee is larger in the US (250 mL) than in Europe (125-150 mL).20 In the
Swedish nutrition database, a standard cup of coffee is 150 mL and in the Finnish study, a
serving was defined as 100 mL. Therefore, our finding of a nadir of risk for 4 cups of coffee
per day may seem like a large amount, but based on the current US serving size, this is only
slightly more than two cups of coffee at popular coffee chains, where a standard serving size
varies from 295 to 590 mL, and this does not take into account the strength of the brew.

There is some suggestion that baseline history of hypertension may modify the impact of
coffee on cardiovascular risk?6-28 and there is substantial evidence that the CYP1A2
genotype modifies the association between coffee consumption and cardiovascular risk,2° so
it seems plausible that the relationship between coffee consumption and heart failure risk
varies by genotype. Further research is necessary to examine these potential modifiers of the
coffee-heart failure relationship. There are several aspects of the relationship between coffee
and heart failure which we were not able to explore, such as the potential heart failure risk
from different types of coffee and brewing methods, the associations in non-European
populations and the relationship between coffee consumption and heart failure prognosis.

In summary, the results of this meta-analysis indicate that there is a J-shaped relationship
between coffee consumption and heart failure incidence with a modest inverse association
with moderate consumption. These results were robust to sensitivity analyses excluding
studies that may include participants with different baseline risk of heart failure. In light of
these findings, the current heart failure prevention guidelines? suggesting that coffee poses
harmful effects may warrant revision to reflect the research showing that coffee may in fact
provide moderate protection against heart failure incidence.

Acknowledgments

We thank Dr. Imre Janszky for providing additional data on the Stockholm Heart Epidemiology Programme
(SHEEP) study.

Sour ces of Funding: This work was supported by grants (T32-HL098048-03 and T32 CA09001-35) from the

National Institute of Health. The funding agency had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; and preparation, review, or approval of the manuscript.

Circ Heart Fail. Author manuscript; available in PMC 2013 July 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Mostofsky et al.

References
1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Page 6

Wilhelmsen L, Rosengren A, Eriksson H, Lappas G. Heart failure in the general population of men--
morbidity, risk factors and prognosis. J Intern Med. 2001; 249:253-261. [PubMed: 11285045]

. Schocken DD, Benjamin EJ, Fonarow GC, Krumholz HM, Levy D, Mensah GA, Narula J, Shor ES,

Young JB, Hong Y. Prevention of heart failure: A scientific statement from the american heart
association councils on epidemiology and prevention, clinical cardiology, cardiovascular nursing,
and high blood pressure research; quality of care and outcomes research interdisciplinary working
group; and functional genomics and translational biology interdisciplinary working group.
Circulation. 2008; 117:2544-2565. [PubMed: 18391114]

. Mukamal KJ, Hallgvist J, Hammar N, Ljung R, Gemes K, Ahlbom A, Ahnve S, Janszky |. Coffee

consumption and mortality after acute myocardial infarction: The stockholm heart epidemiology
program. Am Heart J. 2009; 157:495-501. [PubMed: 19249420]

. Ahmed HN, Levitan EB, Wolk A, Mittleman MA. Coffee consumption and risk of heart failure in

men: An analysis from the cohort of swedish men. Am Heart J. 2009; 158:667-672. [PubMed:
19781429]

. Levitan EB, Ahmed HN, Mittleman MA, Wolk A. Coffee consumption and incidence of heart

failure in women. Circ Heart Fail. 2011; 4:414-418. [PubMed: 21493709]

. Wang Y, Tuomilehto J, Jousilahti P, Antikainen R, Mahonen M, Mannisto S, Katzmarzyk PT, Hu

G. Coffee consumption and the risk of heart failure in finnish men and women. Heart. 2011; 97:44—
48. [PubMed: 20980333]

. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, Moher D, Becker BJ, Sipe

TA, Thacker SB. Meta-analysis of observational studies in epidemiology: A proposal for reporting.
Meta-analysis of observational studies in epidemiology (moose) group. JAMA. 2000; 283:2008—
2012. [PubMed: 10789670]

. Greenland S, Longnecker MP. Methods for trend estimation from summarized dose-response data,

with applications to meta-analysis. Am J Epidemiol. 1992; 135:1301-1309. [PubMed: 1626547]

. Orsini N, Li R, Wolk A, Khudyakov P, Spiegelman D. Meta-analysis for linear and nonlinear dose-

response relations: Examples, an evaluation of approximations, and software. Am J Epidemiol.
2012; 175:66-73. [PubMed: 22135359]

Harrell, FE. Regression modeling strategies: With applications to linear models, logistic
regression, and survival analysis. New York: Springer; 2001.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 1986; 7:177-188.
[PubMed: 3802833]

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses.
BMJ. 2003; 327:557-560. [PubMed: 12958120]

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple,
graphical test. BMJ. 1997; 315:629-634. [PubMed: 9310563]

Jee SH, He J, Appel LJ, Whelton PK, Suh I, Klag MJ. Coffee consumption and serum lipids: A
meta-analysis of randomized controlled clinical trials. Am J Epidemiol. 2001; 153:353-362.
[PubMed: 11207153]

Noordzij M, Uiterwaal CS, Arends LR, Kok FJ, Grobbee DE, Geleijnse JM. Blood pressure
response to chronic intake of coffee and caffeine: A meta-analysis of randomized controlled trials.
J Hypertens. 2005; 23:921-928. [PubMed: 15834273]

Riksen NP, Rongen GA, Smits P. Acute and long-term cardiovascular effects of coffee:
Implications for coronary heart disease. Pharmacol Ther. 2009; 121:185-191. [PubMed:
19049813]

Cornelis MC, EI-Sohemy A. Coffee, caffeine, and coronary heart disease. Curr Opin Clin Nutr
Metab Care. 2007; 10:745-751. [PubMed: 18089957]

Wu JN, Ho SC, Zhou C, Ling WH, Chen WQ, Wang CL, Chen YM. Coffee consumption and risk
of coronary heart diseases: A meta-analysis of 21 prospective cohort studies. Int J Cardiol. 2009;
137:216-225. [PubMed: 18707777]

Circ Heart Fail. Author manuscript; available in PMC 2013 July 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Mostofsky et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 7

Zhang Z, Hu G, Caballero B, Appel L, Chen L. Habitual coffee consumption and risk of
hypertension: A systematic review and meta-analysis of prospective observational studies. Am J
Clin Nutr. 2011; 93:1212-1219. [PubMed: 21450934]

van Dam RM, Hu FB. Coffee consumption and risk of type 2 diabetes: A systematic review.
JAMA. 2005; 294:97-104. [PubMed: 15998896]

van Dam RM. Coffee consumption and risk of type 2 diabetes, cardiovascular diseases, and cancer.
Appl Physiol Nutr Metab. 2008; 33:1269-1283. [PubMed: 19088789]

Larsson SC, Bergkvist L, Giovannucci E, Wolk A. Coffee consumption and incidence of colorectal
cancer in two prospective cohort studies of swedish women and men. Am J Epidemiol. 2006;
163:638-644. [PubMed: 16443798]

Hu G, Jousilahti P, Nissinen A, Bidel S, Antikainen R, Tuomilehto J. Coffee consumption and the
incidence of antihypertensive drug treatment in finnish men and women. Am J Clin Nutr. 2007;
86:457-464. [PubMed: 17684219]

Winkelmayer WC, Stampfer MJ, Willett WC, Curhan GC. Habitual caffeine intake and the risk of
hypertension in women. JAMA. 2005; 294:2330-2335. [PubMed: 16278361]

Uiterwaal CS, Verschuren WM, Bueno-de-Mesquita HB, Ocke M, Geleijnse JM, Boshuizen HC,
Peeters PH, Feskens EJ, Grobbee DE. Coffee intake and incidence of hypertension. Am J Clin
Nutr. 2007; 85:718-723. [PubMed: 17344492]

Nurminen ML, Niittynen L, Korpela R, Vapaatalo H. Coffee, caffeine and blood pressure: A
critical review. Eur J Clin Nutr. 1999; 53:831-839. [PubMed: 10556993]

Mesas AE, Leon-Munoz LM, Rodriguez-Artalejo F, Lopez-Garcia E. The effect of coffee on blood
pressure and cardiovascular disease in hypertensive individuals: A systematic review and meta-
analysis. Am J Clin Nutr. 2011; 94:1113-1126. [PubMed: 21880846]

Kastorini CM, Chrysohoou C, Panagiotakos D, Aggelopoulos P, Liontou C, Pitsavos C, Stefanadis
C. Moderate coffee consumption lowers the likelihood of developing left ventricular systolic
dysfunction in post-acute coronary syndrome normotensive patients. J Med Food. 2009; 12:29-36.
[PubMed: 19298193]

Cornelis MC, El-Sohemy A, Kabagambe EK, Campos H. Coffee, cypla2 genotype, and risk of
myocardial infarction. JAMA. 2006; 295:1135-1141. [PubMed: 16522833]

Circ Heart Fail. Author manuscript; available in PMC 2013 July 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Mostofsky et al.

Page 8

The most recent statement on heart failure prevention from the American Heart
Association states that coffee may increase heart failure risk, but the results from prior
studies have yielded inconsistent results and these studies did not have sufficient power
to detect modest associations. Therefore, we conducted a systematic review and a dose-
response meta-analysis of prospective studies that assessed the relationship between
habitual coffee consumption and the risk of heart failure. The results of this meta-analysis
indicate that there is a J-shaped relationship between coffee consumption and heart
failure incidence with a modest inverse association with moderate consumption. In light
of these findings, the current heart failure prevention guidelines suggesting that coffee
poses harmful effects may warrant revision to reflect the research showing that coffee
may in fact provide moderate protection against heart failure incidence.

Circ Heart Fail. Author manuscript; available in PMC 2013 July 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Mostofsky et al. Page 9

116 references identified on initial search

8 CINAHL
28 Pubmed
80 Embase

27 duplicates removed

Y

89 abstracts reviewed for relevance

29 wrong outcome

31 different topic

16 editorial, review or commentary
2 animal study

6 presentation of the same study

Y

5 prospective cohort studies
included in meta-analysis

Figure 1.
Selection of studies published in 1996-2011 included in a meta-analysis of coffee
consumption and risk of heart failure.
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Relative risk (solid line) and 95% confidence interval (dashed lines) for the association
between heart failure and cups of coffee per day compared to no consumption in a meta-

analysis of studies published in 2001-2011. Figure 2a represents the primary analysis

including all 5 studies and Figure 2b excludes the Wilhelmsen study. Coffee consumption
was modeled with restricted cubic splines in a multivariable random-effects dose-response
model. The dotted line indicates the value for no association.
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