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ORIGINAL ARTICLE

Association Between Coffee Intake and Incident 
Heart Failure Risk
A Machine Learning Analysis of the FHS, the ARIC Study, and the CHS

Laura M. Stevens , BS; Erik Linstead , PhD; Jennifer L. Hall, PhD; David P. Kao , MD

BACKGROUND: Coronary heart disease, heart failure (HF), and stroke are complex diseases with multiple phenotypes. While 
many risk factors for these diseases are well known, investigation of as-yet unidentified risk factors may improve risk 
assessment and patient adherence to prevention guidelines. We investigated the diet domain in FHS (Framingham Heart 
Study), CHS (Cardiovascular Heart Study), and the ARIC study (Atherosclerosis Risk in Communities) to identify potential 
lifestyle and behavioral factors associated with coronary heart disease, HF, and stroke.

METHODS: We used machine learning feature selection based on random forest analysis to identify potential risk factors 
associated with coronary heart disease, stroke, and HF in FHS. We evaluated the significance of selected variables using 
univariable and multivariable Cox proportional hazards analysis adjusted for known cardiovascular risks. Findings from FHS 
were then validated using CHS and ARIC.

RESULTS: We identified multiple dietary and behavioral risk factors for cardiovascular disease outcomes including marital 
status, red meat consumption, whole milk consumption, and coffee consumption. Among these dietary variables, increasing 
coffee consumption was associated with decreasing long-term risk of HF congruently in FHS, ARIC, and CHS.

CONCLUSIONS: Higher coffee intake was found to be associated with reduced risk of HF in all three studies. Further study 
is warranted to better define the role, possible causality, and potential mechanism of coffee consumption as a potential 
modifiable risk factor for HF.
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Coronary heart disease (CHD), heart failure (HF), and 
stroke are among the top causes of death attribut-
able to cardiovascular disease (CVD) in the United 

States.1 Risk factors for CHD, HF, and stroke have been 
previously identified and incorporated into predictive 
models to provide quantitative assessments for individ-
ual risk of developing disease and support development 
of personalized CVD prevention strategies.2–7 Although 
widely used, these models consider a relatively limited set 
of patient characteristics, and there may remain as-yet 
unidentified risk markers, which could improve accuracy 

of risk prediction and possibly represent opportunities 
for improved CVD prevention.4,8,9 Additional lifestyle and 
behavioral risk factors such as diet have been identified 
since the initial development of CVD risk models such as 
the Framingham Heart Score, which are used widely in 
primary care. Understanding and validation of the associ-
ation of these factors in CVD has the potential to improve 
understanding of cardiovascular risk and aid in patient 
adherence to lifestyle and behavioral therapies.2

Epidemiological studies like the FHS (Framing-
ham Heart Study) collected thousands of patient 
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characteristics. Validation and identification of risk fac-
tors for complex diseases such as CHD, HF, and stroke 
are made difficult by the large number and variety of 
potentially relevant patient characteristics such as 
comorbid conditions, lifestyle, and patient behavior. Tra-
ditionally, epidemiological statistical approaches use a 
hypothesis-driven framework to reduce the number of 
factors evaluated in a given model by selecting factors 
using clinical expertise. Although this approach is effec-
tive in focusing the analysis and reducing false discovery, 
clinical bias can impact the features evaluated, poten-
tially excluding unanticipated predictors of disease.10 
Using machine learning–based feature selection to 

identify factors potentially important to disease risk can 
be advantageous because it allows for the assessment 
of large numbers of patient characteristics in a com-
paratively unbiased manner, reduces false positives, and 
can potentially pick up patterns that otherwise may be 
missed when using a hypothesis-based approach.11–14 
The ability of machine learning methods to analyze large 
sets of features in an automated fashion is one of the 
several advantages of machine learning that has fueled 
its adoption in data analytics. Longitudinal studies such 
as FHS, the ARIC study (Atherosclerosis Risk in Com-
munities), and the CHS (Cardiovascular Health Study) 
enrolled thousands of patients with relatively high event 
rates over decades of follow-up. These study quali-
ties provide an excellent foundation to explore utilizing 
machine learning to identify CVD risk factors beyond 
those used in current predictive models.

The objective of this analysis was to use supervised 
machine learning to identify potential variables important 
to assessing risk of incident CHD, stroke, and HF in a 
hypothesis-free, data-driven manner. We then evaluated 
the significance of association between these features 
and CVD adjusting for known risk factors and validated 
these findings in the ARIC and CHS. We hypothesized 
that feature selection through supervised machine learn-
ing would identify potentially novel risk factors for CHD, 
HF, and stroke.

METHODS
Data Sources
This study was completed under an approved expedited 
Colorado Multiple Institution Review Board protocol (No. 
15-1193). FHS, CHS, and ARIC clinical data were obtained 
from the National Heart, Lung, and Blood Institutes Biologic 
Specimen and Data Repository Information Coordinating Center 
(BioLINCC, Calverton, MD). Because of the sensitive nature of 
the data collected for this study, requests to access the dataset 
from qualified researchers trained in human subject confiden-
tiality protocols completed through BioLINCC. FHS, CHS, and 
ARIC were prospective longitudinal cohort studies designed 
to investigate the incidence, survival rate, and determinants of 
CVD. All studies were community based, investigated multiple 
incident CVD end points, and included at least 10 years of fol-
low-up from the exam used as baseline for this analysis. Study 
design, response rates, and methodologies of each study are 
reported in detail elsewhere.15–17 Participants in FHS (n=5209) 
were between the ages of 30 and 62 years and assessed every 
2 years. Participants who attended FHS Exam 14 and who had 
not yet had a CVD event were used in this analysis (n=2732). 
Exam 14 was used as the reference date for all time-to-event 
analyses. CHS participants (n=5888) were above the age of 
65 years and assessed annually for ≈10 years. Of the 5888 
CHS participants, the 3704 participants without prior CVD who 
contained complete data for the dietary factors identified dur-
ing feature selection were used in analysis. ARIC (n=15 792) 
enrolled individuals aged 45 to 64 years without prior CVD and 

Nonstandard Abbreviations and Acronyms

ARIC Atherosclerosis Risk in Communities
CHD coronary heart disease
CHS Cardiovascular Health Study
CVD cardiovascular disease
FHS Framingham Heart Study
HF heart failure
HR hazard ratio

WHAT IS NEW?
• Little is known about the risk of developing heart 

failure (HF) associated with dietary components 
and the potential benefits of changing intake of 
specific foods.

• By using machine learning in FHS (Framingham 
Heart Study), we identified several dietary factors 
that might be associated with risk of HF.

• We found in 3 large, well-known studies (FHS, 
CHS [Cardiovascular Health Study], and the ARIC 
study [Atherosclerosis Risk in Communities]) that 
increased coffee consumption appeared to corre-
late with reduced risk of developing HF later in life.

• Additional work is needed to determine whether 
modulating coffee intake could affect future risk of 
developing HF.

WHAT ARE THE CLINICAL IMPLICATIONS?
• Controlling for known risk factors, increased cof-

fee consumption was found to be associated with 
reduced risk of HF in 3 large, longitudinal epide-
miological studies (FHS, CHS, and ARIC). The 
mechanism of this association is unclear, but limited 
analysis in FHS and CHS suggests caffeine may 
be an important contributor. The high prevalence 
of coffee consumption in society suggests further 
study is warranted to better define the role, pos-
sible causality, and potential mechanism of coffee 
and caffeine consumption as potential modifiable 
risk factors for HF.
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consisted of 4 exams conducted every 3 years and a fifth exam 
≈25 years after enrollment. From the ARIC study, 14 925 par-
ticipants contained data for follow-up CVD events and were 
used for analysis. FHS Exam 14 occurred during 1975 to 1978 
with mean follow-up of 16.7±9.8 (max, 36.3 years) thereafter. 
ARIC began in 1987 and CHS in 1989, indicating a temporal 
overlap between all three studies. Patients in CHS on average 
were older than patients in FHS and ARIC and had higher rates 
of comorbid conditions and outcome events. Patients in ARIC, 
while on average 10 years younger than FHS patients, had 
similar rates of smoking status, hypertension, and diabetes but 
trended lower in prevalence of outcome events. Baseline char-
acteristics among participant subgroups were compared using 
the χ2 and Mann-Whitney U test for categorical and continuous 
variables, respectively (Table 1). All analyses were performed 
using the R statistical package (version 3.5; R Foundation for 
Statistical Computing, Vienna, Austria). Random forest analysis 
was completed using the caret package, and Cox proportional 
hazards analysis was completed using the survival package.18,19

Outcomes
Outcomes of interest were time to incident CHD, HF, and 
stroke. All outcomes were adjudicated per individual study pro-
tocols, and data transformations for harmonization are given in 
Tables I through IV in the Data Supplement. Incident HF in FHS 
was defined using the Framingham HF Diagnostic Criteria.20 
In ARIC, incident HF was defined using the International 
Classification of Diseases, Ninth Revision, Clinical Modification 
codes upon hospital discharge. In CHS, HF was adjudicated 
based on ejection fraction (when available), signs, symptoms, 
clinical tests, and medical therapy. Code for the analyses per-
formed is available from the first author (laura.stevens@ucden-
ver.edu) upon reasonable request.

Feature Selection
We used FHS Exam 14 because it was the first clinical exam 
to include dietary variables, and it had been used in the devel-
opment of prior FHS risk models.7 In total, 222 variables were 
recorded at Exam 14, which included conventional variables 
such as age, sex, blood pressure, and others (Table I in the Data 
Supplement). Variables with missing data and excluded vari-
ables with >15% missing values were excluded, and samples 
with complete cases for the remaining variables were used in 
feature selection.21 Of the remaining 204 variables, 16 were 
dietary factors and 13 were nondietary lifestyle behaviors. 
Participants were included in the analysis only if they had no 
missing data from any of the 204 variables.

Patient characteristics potentially important for predicting 
incident CHD, HF, and stroke were identified using random 
forest analysis. For optimal feature selection, we used 10-fold 
cross validation with 5 repeats.14,18,22 Candidate variables for 
use in time-to-event analysis were the top 20% predictors 
based on importance metrics across all outcomes in the ran-
dom forest model (Table I in the Data Supplement). The majority 
of nondietary and nonlifestyle variables in the top 20% were 
collinearly related to known risk factors.

Evaluation of Feature Significance
Significance, magnitude, and direction of association between 
candidate dietary factors and outcomes of interest were 
assessed using multivariable Cox proportional hazards analy-
sis. The randomized nature of both the random forest meth-
ods applied and importance metric calculated does control 
for potential confounding and collinearity in machine learning 
experiments. Variables with importance scores in the top 20% 
were assessed for collinearity and compared with known risk 

Table 1. Overview Statistics of Coffee Consumption and Known Risk Factors of CVD

 
Framingham Exam 14 
(n=2732)

ARIC baseline 
(n=14 925) CHS baseline (n=3704)

Women 1602 (59) 8153 (55) 1625 (49)

Age, y 66 (61–73) 54 (49–59) 71 (67–75)

Systolic BP, mg/dL 137 (125–150) 119 (108–131) 134 (121–149)

HDL cholesterol, mg/dL 48 (39–58) 48 (39–61) 50 (42–62)

Total cholesterol, mg/dL 227 (202–258) 212 (186–239) 210 (185–235)

BMI, kg/m2 25.9 (23.5–28.7) 26.9 (24.0–30.4) 26.1 (23.6–29.0)

CVD risk score, n (%) 10.2 (5.9–17.5) 4.2 (2.2–7.8) 11.0 (6.7–17.6)

Hypertension, n (%) 880 (32) 3812 (26) 1772 (47)

Current smoking, n (%) 820 (30) 3951 (26) 385 (10)

Diabetes mellitus, n (%) 176 (7) 1509 (10) 604 (16)

Coffee intake, cups/d; median (Q1–Q3) 2 (1–3) 1 (0–2.5) 0.36 (0–1)

Incident outcomes

 CVD, n (%) 1172 (43) 4401 (30) 2736 (73)

 HF, n (%) 625 (23) 2324 (17) 1698 (46)

 Stroke, n (%) 461 (17) 1127 (8) 1147 (31)

 CHD, n (%) 706 (31) 3033 (20) 2199 (59)

Values are n (%) and median (quartile 1 to quartile 3). ARIC indicates Atherosclerosis Risk in Communities; BMI, body mass index; BP, 
blood pressure; CHD, coronary heart disease; CHS, Cardiovascular Health Study; CVD, cardiovascular disease; HDL, high-density lipopro-
tein; and HF, heart failure.

*P<0.001 for all characteristics.
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factors when assessing which variables to include as covari-
ates in the Cox proportional hazards analysis. The association 
between variables in top 20% importance and the outcomes 
were assessed for collinearity and strength of association with 
the outcome. Given that the majority of nondietary risk factors 
with importance scores in the top 20% were collinearly related 
to known risk factors and some known risk factors were only 
modestly associated with the outcome, we chose to use the 
FHS CVD risk score to provide good coverage of the prob-
abilities for known risk factors while also accounting for known 
risks with weaker association.23 Models for individual CHD, HF, 
and stroke outcomes were calibrated as presented in the origi-
nal FHS CVD risk score publication by D’Agostino et Al.5 We 
chose to use a risk score when performing multivariable analy-
sis to account for collinearity and the impact of the combina-
tions of known risk factors over the impact of each individual 
factor alone.24 P<0.05 was considered significant throughout.

Validation
Baseline exams of CHS and ARIC were used for validation of 
the findings from FHS. Where possible, dietary factors signifi-
cantly associated with outcomes of interest in FHS were har-
monized with comparable variables in CHS and ARIC (Tables 
II through IV in the Data Supplement). Associations between 
dietary factors and clinical outcomes were then validated in 
CHS and ARIC. All outcomes, traditional risk factors, and dietary 
factors harmonized between FHS, ARIC, and CHS for valida-
tion are given in Tables II through IV in the Data Supplement. 
The first and senior authors (L.M.S. and D.P.K.) each have full 
access to all relevant data and take responsibility for the integ-
rity of the analysis.

RESULTS
Feature Selection
Baseline characteristics of analyzed participants for all 
three studies are summarized in Table 1. The decision 
trees from the random forest models containing the 204 
potential data measurements at Exam 14 with CHD, 
stroke, and HF outcomes were investigated to assess 
the importance of potential risk factors of CHD, stroke, 
and HF. There were 35 common risk factors across all 
outcomes that were ranked in the top 20% of important 
features by random forest analysis for either CHD, HF, 
or stroke (Table 2). Among these features were known 
risk factors such as blood pressure, age, and choles-
terol. Given the potential for behavioral modification with 
dietary factors over nonmodifiable factors such as the 
number of dead siblings, we selected dietary factors in 
the top 20% of variables ranked by importance to be 
evaluated further. Dietary factors including consumption 
of whole milk, red meat, eggs, alcohol, cheese, coffee, 
and decaffeinated coffee were also ranked in the top 
20% most important to risk of all CVD outcomes as were 
other lifestyle factors including marital status (Table 2). To 
evaluate and validate the association of coffee consump-
tion with HF and stroke, the coffee consumption values 

from CHS and ARIC were converted to cups per day. For 
ARIC, coffee consumption was reported as rarely/never, 
a few cups/month, 1 cup/week, 2 to 4 cups/week, 5 
to 6 cups/week, 2 to 3 cups/day, 4 to 5 cups/day, and 

Table 2. Variables Ranked in Top 20% From Random For-
est Decision Trees and Importance Score for All Outcomes: 
Cardiovascular Disease, Coronary Heart Disease, Stroke, 
and Heart Failure (Displayed in Ranked Order)

Variable Description

FG311 SUGAR-EXAM 14

FG313 CHOLESTEROL-EXAM 14

FG72 SBP-PHYSICIAN-2ND-EXAM 14

FG62 WEIGHT-EXAM 14

FG70 SBP-PHYSICIAN-1ST-EXAM 14

FG68 SBP-NURSE-EXAM 14

FG234 VENTRICULAR-RATE-MIN-EXAM 14

FG69 DBP-NURSE-EXAM 14

FG53 AGE-EXAM 14

FG312 CREATININE-EXAM 14

FG73 DBP-PHYSICIAN-2ND-EXAM 14

FG310 HEMATOCRIT-EXAM 14

FG63 HEIGHT IN INCHES

FG239 AQRS-EXAM 14

FG71 DBP-PHYSICIAN-1ST-EXAM 14

FG235 P-R-INTERVAL-EXAM 14

FG122 RED-MEAT-WEEK-EXAM 14*

FG114 COFFEE-CUPS-DAY-EXAM 14*

FG120 COCKTAILS-WEEK-EXAM 14*

FG237 QT-INTERVAL-EXAM 14

FG115 COFFEE-DECAF-CUPS-DAY-EXAM 14*

FG121 EGGS-WEEK-EXAM 14*

FG320 NO-OF-BROTHER-DEAD-EXAM 14*

FG124 WHOLE-MILK-WEEK-EXAM 14*

FG116 TEA-CUPS-DAY-EXAM 14*

FG123 CHEESE-WEEK-EXAM 14*

FG236 QRS-INTERVAL-EXAM 14

FG271 FUNCTIONAL-CLASS-EXAM 14

FG119 WINE-WEEK-EXAM 14*

FG257 ECG-CLINICAL-READING-EXAM 14

FG321 NO-OF-SISTER-DEAD-EXAM 14

FG99 OTHER-MEDICINES-EXAM 14

FG190 SYSTOLIC-MUR-VALVE-EXAM 14

FG170 CORNEAL-ARCUS-EXAM 14

FG118 BEER-WEEK-EXAM 14*

FG319 PH PH 8 or 9

FG104 CIGARETTES-DAY-EXAM 14

FG138 CHEST-DISCOMFORT-EXAM 14

FG125 MARGARINE-VS-BUTTER-EXAM 14*

FG258 HYPERTENSIVE-STATUS-EXAM 14

FG58 MARITAL-STATUS-EXAM 14

*Dietary factors.
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>6 cups/day, which were transformed to 0, 0.07, 0.14, 
0.43, 0.79, 1, 2.5, 5, and 6.5 cups/day, respectively. CHS 
frequencies were never, 5 to 10 cups/year, 1 to 3 cups/
month, 1 to 4 cups/week, and nearly every day, which 
were transformed to 0, 0.021, 0.07, 0.36, and 1 cup/day, 
respectively. The definition of what constituted red meat 
and level of consumption in FHS were ambiguous and 
could not be satisfactorily harmonized with ARIC and 
CHS preventing confident validation. Therefore, red meat 
consumption was not investigated beyond initial impor-
tance. All other dietary factors were further investigated 
to assess magnitude and direction of risk using univari-
able and multivariable analysis.

Evaluation of Feature Significance
Of the dietary factors identified by random forest that 
were evaluated using Cox proportional hazards analysis, 
coffee consumption was the only factor that remained 
significantly associated with any of the outcomes. 
Increasing caffeinated coffee consumption was found to 
be significantly associated with reduced risk of HF (haz-
ard ratio [HR], 0.95 per cup/day [95% CI, 0.91–0.99]; 
P=0.02) and stroke (HR, 0.94 per cup/day [95% CI, 
0.89–0.99]; P=0.02) but not CHD (P=0.21) or CVD 
(P=0.59). Adjusted for the FHS CVD risk score, increas-
ing caffeinated coffee consumption remained signifi-
cantly associated with decreased risk of HF (HR, 0.95 
per cup/day [95% CI, 0.90–1.00]; P=0.03) but not 
stroke (P=0.33).

Validation
Results of univariable and multivariable survival analysis 
for HF in all three studies are shown in the Figure. In 
univariable analysis, increasing coffee consumption was 

significantly associated with decreased risk of HF in 
both CHS (HR, 0.86 per cup/day [95% CI, 0.78–0.96]; 
P=0.005) and ARIC (HR, 0.98 per cup/day [95% CI, 
0.96–0.99]; P=0.048). When adjusted for the FHS risk 
scores, coffee consumption remained significantly asso-
ciated with HF in CHS (HR, 0.88 per cup/day [95% 
CI, 0.79–0.97]; P=0.01). In ARIC, coffee consumption 
showed a trend toward multivariable association between 
coffee consumption and HF (HR, 0.98 per cup/day [95% 
CI, 0.96–1.00]; P=0.06). To investigate dose response, 
participant characteristics according to quartiles of caf-
feinated coffee consumption (0, 1, 2, and ≥3 per day) are 
shown in Table 3. Compared with no coffee consumption, 
risk of HF was similar in participants drinking 1 cup/day 
(P=0.19) but reduced in participants drinking 2 cups/
day (HR, 0.69 [95% CI, 0.55–0.87]; P<0.001) and ≥3 
cups/day (HR, 0.71 [95% CI, 0.58–0.89]; P<0.001). A 
dose-response threshold for reduction in risk was not 
found; however, higher consumption rates did not yield 
high enough sample sizes to individually higher coffee 
consumption levels, and CHS did not report coffee con-
sumption with enough granularity to categorize partici-
pants into consumption beyond 1 cup/day.

To investigate the possible role of caffeine in associa-
tion between coffee consumption and HF risk, we per-
formed additional analyses with respect to decaffeinated 
coffee consumption (FHS and CHS) and caffeine intake 
(FHS, CHS, and ARIC). Caffeinated versus decaffein-
ated tea consumption was not separated in FHS Exam 
14 or baseline CHS and, therefore, was not considered. 
Data from FHS Exam 20 (n=867) and CHS Exam 8 
(n=1903) were used because these were the first to 
report estimated caffeine consumption.

Decaffeinated coffee consumption was signifi-
cantly associated with increased risk of HF in multi-
variable analysis in FHS (HR, 1.10 per cup/day [95% 

Figure. Association between coffee and incident heart failure in FHS (Framingham Heart Study), CHS (Cardiovascular Health 
Study), and the ARIC study (Atherosclerosis Risk in Communities).
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CI, 1.03–1.17]; P=0.004) but not in CHS (P=0.63). All 
three studies showed a concordant inverse relationship 
between caffeine intake in 100-mg doses (1 cup coffee 
or 2 cups black tea) and risk of HF. In FHS, increased 
caffeine consumption was found to be significantly asso-
ciated with reduced risk of HF in both univariable (HR, 
0.93/100 mg caffeine [95% CI, 0.86–0.98]; P=0.02) 
and multivariable analyses (HR, 0.92/100 mg caffeine 
[95% CI, 0.86–0.98]; P=0.01.) In CHS, caffeine con-
sumption was significantly associated with reduced risk 
of HF in univariable analyses (HR, 0.96/100 mg caf-
feine [95% CI, 0.92–0.99]; P=0.02) and showed a trend 
toward reduced HF risk in multivariable analysis (HR, 
0.97/100 mg caffeine [95% CI, 0.93–1.00]; P=0.07). In 
ARIC, increased caffeine consumption was also asso-
ciated with significantly reduced risk of HF in univari-
able (HR, 0.98/100 mg caffeine [95% CI, 0.97–0.99]; 
P=0.01) and multivariable analyses (HR, 0.99/100 mg 
caffeine [95% CI, 0.97–0.99]; P=0.049).

DISCUSSION
HF incidence, HF hospitalizations, and societal costs 
continue to increase despite decreasing CHD and 
stroke mortality rates.1,25 Although much is known about 
modifiable risk factors for ischemic CVD, opportuni-
ties for reducing HF incidence are less clear, likely, in 
part, because a substantial fraction of HF is nonisch-
emic in etiology. Using random forest feature selection 
applied to data from FHS, we found multiple dietary 
and behavioral risk factors including marital status, red 

meat consumption, whole milk consumption, and coffee 
consumption that may be associated with CHD, HF, or 
stroke. Evaluation of these features showed that peo-
ple who reported higher coffee consumption rates were 
associated with decreased long-term risk of HF concor-
dantly in FHS, ARIC, and CHS. Previous studies primarily 
focused on composite CVD outcomes or CHD and CVD 
mortality, whereas relatively few studies have reported an 
association between coffee consumption and HF risk. 
This analysis expands those findings to include the rela-
tionship between decreased risk of HF and higher cof-
fee consumption. The mechanism of this association is 
unclear, but limited analysis in FHS and CHS suggested 
that caffeine may be an important contributor. The per-
vasive consumption of coffee in modern society and the 
high potential for dietary modification that could reduce 
HF risk suggest further exploration of the role of caffeine 
and coffee in development of HF is warranted.

Caffeinated coffee consumption and reduced risk of 
CHD mortality has been previously reported in elderly 
participants without hypertension.26,27 In FHS, elderly indi-
viduals who consumed any caffeinated coffee had a 43% 
reduction in CHD deaths compared with those who never 
consumed coffee. Similarly, an analysis of National Health 
and Nutrition Examination Survey revealed that individuals 
≥65 years of age who did not have severe hypertension 
also had a dose-dependent decrease in CVD and cardio-
vascular mortality associated with higher coffee consump-
tion.26,27 Another prospective epidemiological study found 
that consumption of coffee, green tea, and oolong tea and 
total caffeine intake was associated with reduced stroke 

Table 3. Clinical Characteristics and Outcomes of Coffee Consumption and Known Risk Factors of 
CVD by Quartile of Coffee Consumption

0 cups/d 1 cup/d 2 cups/d ≥3 cups/d

8809 (41) 5130 (24) 4056 (19) 3347 (16)

Women 4874 (55) 2719 (53) 2106 (52) 1648 (49)

Age, y 59 (51–67) 62 (54–69) 56 (50–61) 56 (50–61)

Systolic BP, mg/dL 125 (112–139) 127 (115–143) 121 (109–134) 119 (108–133)

HDL cholesterol, mg/dL 49 (39–61) 50 (40–62) 49 (39–61) 48 (38–59)

Total cholesterol, mg/dL 212 (187–239) 214 (188–242) 214 (188–241) 217 (190–244)

BMI, kg/m2 26.8 (24.0–30.4) 26.7 (23.9–30.1) 26.4 (23.8–29.5) 26.1 (23.5–29.2)

CVD risk score 5.6 (2.8–11.0) 6.9 (3.5–12.8) 4.5 (2.4–8.9) 5.1 (2.6–9.3)

Hypertension, % 3040 (35) 1847 (36) 959 (24) 592 (18)

Current smoking, % 1529 (17) 1139 (22) 1134 (28) 1339 (40)

Diabetes mellitus, % 1112 (13) 644 (13) 329 (8) 193 (6)

Incident outcomes

 CVD, % 3546 (40) 2305 (45) 1262 (31) 1145 (34)

 HF, % 2037 (23) 1387 (27) 627 (15) 566 (17)

 Stroke, % 1242 (14) 824 (16) 355 (9) 296 (9)

 CHD, % 2636 (30) 1643 (32) 865 (21) 757 (23)

N (%) and median (quartile 1 to quartile 3). BMI indicates body mass index; BP, blood pressure; CHD, coronary heart disease; CVD, 
cardiovascular disease; HDL, high-density lipoprotein; and HF, heart failure.

*P<0.001 across all quartiles.
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and mortality from CVD in Japanese men and women.28 
More recently, a review of 201 meta-analyses found that 
increasing daily coffee consumption was associated with 
decreased CVD mortality and all-cause mortality.29 A sys-
tematic review of 351 observational studies of healthy 
adults, adolescents, and pregnant women found that con-
sumption of ≤400 mg (4 cups of coffee or 8 cups of black 
tea) of caffeine/day was not associated with cardiovas-
cular toxicity in adults.30 A meta-analysis of 53 studies 
found a nonlinear association between long-term coffee 
consumption and CVD risk, where 3 to 5 cups/day of 
coffee was significantly associated with decreased CVD 
risk, compared with none, light (1–2 cups/day), or heavy 
(≥6 cups/day) caffeinated coffee consumption. However, 
the authors speculated that heavy coffee consumption 
analysis may have been confounded by increased smok-
ing rates, and decaffeinated coffee consumption was 
not associated with elevated CVD risk.31 Finally, a meta-
analysis incorporating 5 prospective studies comprised of 
6522 HF events and 140 220 participants and investi-
gating HF risk and coffee (caffeinated and decaffeinated) 
consumption, observed a statistically significant J-shaped 
relationship between coffee and HF. Compared with no 
consumption, the strongest inverse association was seen 
for 4 servings/day with a potentially higher risk above this 
level of consumption.32 When considering doses of 1, 2, 
and ≥3 cups per day in this analysis, we did not observe 
a similar J-shaped curve. Coffee contains higher amounts 
of caffeine than any other dietary product in addition to 
containing many other constituents such as potassium, 
niacin, magnesium, or tocopherols that could contribute 
for this association.33 Our results support caffeine is in 
fact an important contributor given that increased esti-
mated caffeine consumption irrespective of source was 
associated with decreased HF risk in all three studies.

Increasing decaffeinated coffee consumption was 
associated with increased risk of HF, although this was 
only shown in FHS. As with prior studies, interpretation 
of the association between decaffeinated coffee and 
incident CVD was limited by much lower reported coffee 
consumption.31 Association between increasing decaf-
feinated coffee consumption and increased CVD risk 
could also be due to unobserved latent or confounding 
factors, such as individuals with other CVD risk factors 
switching from regular to decaffeinated coffee or con-
comitant high-risk behaviors such as smoking.31,34 Addi-
tionally, methods for decaffeinating coffee can involve 
the addition of harmful chemicals, which could be affect-
ing the association between increased decaffeinated 
coffee consumption and increased risk of HF.35

The potential of intentional higher coffee consump-
tion as a means of reducing HF risk cannot be deter-
mined from this analysis. It remains possible that coffee 
consumption is a marker or proxy for another behavior 
or dietary factor that reduces HF risk. Consequently, 
intentional or prescribed increase in coffee intake for the 

purposes of reducing HF risk cannot be recommended 
based on our results. However, the pervasive popularity 
of coffee worldwide suggests great potential for reduc-
ing CVD risk through dietary modification if the asso-
ciation is true and highlights the importance of future 
clinical studies to validate these observations.

Limitations
The observational and retrospective nature of the data, 
much of which rely on patient recall, introduces signifi-
cant uncertainty regarding data quality and the strong 
possibility of unmeasured confounders. For example, 
the data specifically do not distinguish between the 
type of coffee consumed (eg, type of bean/organic/
mold content), use of additives (eg, sugar or creamer), 
brewing method (eg, drip versus espresso), or timing 
of consumption (eg, with breakfast versus after din-
ner/before bedtime), which could further impact the 
associations between coffee and clinical outcomes. 
Associations between coffee consumptions and key 
CVD risk factors not present in the Framingham risk 
models could also impact results. Data regarding caf-
feine intake were estimated based on patient-reported 
dietary intake and not collected uniformly. Because 
correlation does not imply causality, a prospective ran-
domized or cohort control trial would ideally be used to 
validate these findings.

Conclusions
Machine learning feature selection identified coffee 
consumption as an important risk factor for subsequent 
development of HF. Higher coffee consumption and caf-
feine intake were associated with reduced risk of HF in 
3 large, well-known epidemiological studies, although 
decaffeinated coffee was not. Further study is warranted 
to better define the mechanism and role of coffee con-
sumption as a potential modifiable risk factor for HF.
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