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Abstract

Background—Coffee and tea are two of the most commonly consumed beverages in the world. 

The association of coffee and tea intake with coronary artery calcium and major adverse 

cardiovascular events remains uncertain.

Methods—We examined 6,508 ethnically-diverse participants with available coffee and tea data 

from the Multi-Ethnic Study of Atherosclerosis. Intake for each was classified as never, occasional 

(<1 cup/day), and regular (≥1 cup/day). A coronary artery calcium progression ratio was derived 

from mixed effect regression models using loge(calcium score+1) as the outcome with coefficients 
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exponentiated to reflect coronary artery calcium progression ratio vs. the reference. Cox 

proportional hazards analyses were used to evaluate the association between beverage intake and 

incident cardiovascular events.

Results—Over a median follow-up of 5.3 years for coronary artery calcium and 11.1 years for 

cardiovascular events, participants who regularly drank tea (≥1 cup/day) had a slower progression 

of coronary artery calcium compared with never drinkers after multivariable adjustment. This 

correlated with a statistically significant lower incidence of cardiovascular events for ≥1 cup/day 

tea drinkers (adjusted HR 0.71; 95% CI 0.53–0.95). Compared to never coffee drinkers, regular 

coffee intake (≥1 cup/day) was not statistically associated with coronary artery calcium 

progression or cardiovascular events (adjusted HR 0.97 [0.78, 1.20]). Caffeine intake was 

marginally inversely associated with coronary artery calcium progression.

Conclusions—Moderate tea drinkers had slower progression of coronary artery calcium and 

reduced risk for cardiovascular events. Future research is needed to understand the potentially 

protective nature of moderate tea intake.
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Introduction

Coffee and tea are two of the most commonly consumed beverages in the world.1 Caffeine, 

the most studied active compound in coffee and tea, has well-known short-term 

cardiovascular effects, including increased plasma renin levels, peripheral vasoconstriction, 

increased blood pressure, and cardiac arrhythmias.2–5 Despite these effects, coffee intake is 

associated with a lower incidence of diabetes and favorable effects on endothelial 

function.6,7 The association of coffee and tea intake with clinical cardiovascular outcomes, 

however, is still controversial. A recent meta-analysis of cohort studies found that moderate 

coffee intake was associated with lower cardiovascular disease risk,8 but a previous meta-

analysis did not find such association.9 There are also conflicting data on the associations 

between coffee and tea intake with coronary artery calcification, a measure of subclinical 

atherosclerosis.10–12

Research in this field is challenging due to potential confounding of coffee and tea 

consumption with demographic and other nutritional variables. Associations with clinical 

outcomes may be due to coffee or tea intake itself, to what is added or eaten with these 

beverages, or related to socioeconomic factors. Therefore, in assessing the cardiovascular 

implications of coffee and tea intake, it is critical to study a diverse population with 

sociodemographic and clinical characteristics. Moreover, simultaneously assessing the 

underlying disease (subclinical atherosclerosis) as well as the cardiovascular events 

themselves in a single large prospective cohort study may support a casual association. In 

the Multi-Ethnic Study of Atherosclerosis (MESA), we sought to investigate the association 

between coffee and tea intake with coronary artery calcium prevalence, progression, and 

cardiovascular events.
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Methods

Study Population

MESA is a prospective study that investigates the prevalence, risk factors, and progression of 

subclinical cardiovascular disease.13 MESA is a population-based sample of 6,814 men and 

women aged 44–84 years selected from 6 field centers (Columbia University; Johns Hopkins 

University; Northwestern University; University of California-Los Angeles; University of 

Minnesota; and Wake Forest University). We excluded participants with a history of 

cardiovascular disease at baseline (n=25) and participants who missed data on coffee, tea 

and caffeine intake (n=281). The final study sample included 6,508 participants. The 

institutional review boards approved this study at all sites and written informed consent was 

obtained from all participants.

Coffee, tea, caffeine, and other dietary information

At MESA Exam 1 (2000–2002), participants completed a 120-item food frequency 

questionnaire adapted from the Insulin Resistance Atherosclerosis Study and validated in 

White, African-American, and Hispanic persons.14,15 It was modified to include usual foods 

eaten by individuals of Chinese decent.13 Participants reported the frequency of coffee 

(caffeinated and decaffeinated were not differentiated) and black or green tea (included 

together) intake as never, 1–3/month, 1/week, 2–3/week, 5–6/week, 1/day, 2–3/day, 4–5/day, 

or ≥6 cups/day. Caffeine intake was calculated as milligrams/day from the total of all 

caffeinated beverages (not just coffee and tea) and food. Total fat, carbohydrates, red meat, 

vegetables, alcohol consumption, and fruit were quantified in grams/day.

For further details on Dietary Information, Covariates, and Computed Tomography, please 

see the online Supplemental Methods.

Clinical Events

Events were obtained by follow-up telephone interviews by trained personnel conducted 

every 9–12 months. Interviewers inquired about interim hospitalizations, cardiovascular 

diagnoses, procedures, and death. Of the 92% of living participants who completed 

interviews, obtained medical records for hospital admissions and outpatient diagnoses were 

98% and 95%, respectively. Incident cardiovascular disease was defined as myocardial 

infarction, angina resulting in revascularization, resuscitated cardiac arrest, stroke, and 

cardiovascular death. “Hard” cardiovascular events included incident cardiovascular events 

except angina resulting in revascularization. Further details on MESA event adjudication, 

conducted by a committee of physicians, are available at http://www.mesa-nhlbi.org.

Statistical Analysis

We conducted three types of analyses for the association between coffee, tea, or caffeine 

intake collected at MESA Exam 1 with subclinical or clinical outcomes: cross-sectional 

analysis evaluating prevalent coronary artery calcium scores at MESA Exam 1; longitudinal 

analysis evaluating the change in coronary artery calcium scores from Exam 1 to Exam 5; 

and survival analysis evaluating incident cardiovascular events identified through the last 

MESA adjudication in 2013. Daily coffee and tea intake were categorized into none, <1 cup 
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(occasional), and ≥1 cup (regular), and caffeine intake was categorized into tertiles. In 

addition to categorical analysis, we modeled coffee, tea and caffeine intake as continuous 

variables using restricted cubic splines (with knots at the none, 5–6 cups/week, 1 cup/day, 

and 2–3 cups/day for coffee and tea, and at the 5th, 35th, 65th and 95th percentiles of the 

caffeine intake distribution) to provide a flexible dose-response relationship.

For cross-sectional analyses, coronary artery calcium score was grouped into 3 categories (0, 

1–99, and ≥100). We used multinomial logistic regression to calculate multivariable-adjusted 

prevalence ratios and 95% confidence intervals for coronary artery calcium score 1–99 and 

coronary artery calcium score ≥100 comparing each category of coffee/tea intake to the 

group with no consumption, and tertile 2 and 3 to the 1st tertile of caffeine intake.

For longitudinal analyses of the association between coffee, tea, and caffeine intake with the 

change in coronary artery calcium score from Exam 1 through Exam 5, we modeled 

loge(calcium score+1) using mixed effect models allowing for random variations in baseline 

coronary artery calcium scores and longitudinal slope for coronary artery calcium score 

progression across participants.19 Coronary artery calcium scores were log-transformed 

since the distribution of coronary artery calcium scores was markedly right skewed, and the 

coefficients from the mixed effect models using log-transformed outcomes were 

exponentiated to reflect coronary artery calcium progression ratio.

Finally, for survival analyses we used Cox proportional hazards models to estimate the 

hazard ratios (95% confidence intervals) for incident cardiovascular events associated with 

coffee, tea, and caffeine intake. Study participants contributed follow-up time from Exam 1 

until the date of incident cardiovascular event, death, loss-to-follow-up, or study close out on 

December 31st, 2013.

We used four models with progressive degrees of adjustment to account for potential 

confounding factors. Model 1 adjusted for age, sex, race/ethnicity, education, and number of 

follow-up years. Model 2 was further adjusted for possible lifestyle confounders, including 

smoking, physical activity, alcohol consumption, and intake of total fat, fruits, vegetables, 

and red meat. Model 3 was further adjusted for body mass index, systolic and diastolic blood 

pressure, use of antihypertensive medications, total cholesterol, high-density lipoprotein 

cholesterol, triglycerides, lipid-lowering medications, diabetes, diabetes medications, and 

family history of coronary heart disease disease. Model 4 was further adjusted for C-reactive 

protein and fibrinogen.

We conducted several sensitivity analyses. First, in the longitudinal analyses, we excluded 

participants with 0 coronary artery calcium score at baseline given their different score 

trajectories. Second, we excluded Chinese participants given higher tea intake and lower 

incidence of events compared to other race/ethnicity groups. Finally, we used hard 

cardiovascular events excluding angina resulting in revascularization as endpoint. For all 

analyses, a two-sided p value <0.05 was considered statistically significant. All analyses 

were performed using STATA version 12 (StataCorp LP, College Station, Texas).
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Results

Baseline participant demographics, cardiovascular risk factors, and dietary characteristics 

overall and stratified by coronary artery calcium presence or absence at baseline are shown 

in Table 1. The average age was 62.3 years, and included 52.9% women. The percentage of 

participants drinking 0, <1, and ≥1 cups/day of coffee were 25.0%, 24.0%, and 50.9%, 

respectively. More than half of the participants (57.6%) reported never drinking tea, whereas 

29.5% reported <1 cup/day and 12.9% drank ≥1 cup/day. Coffee and tea consumption 

stratified by ethnicity are shown in Table 2. The prevalence of coronary artery calcium 0, 1–

99, and ≥100 was 49.9%, 26.5%, and 23.6%, respectively. Over a median follow-up of 11.1 

years, the incidence of all cardiovascular events and hard cardiovascular events was 10.8 and 

7.5 per 1000 person-years, respectively.

Coffee/Tea Intake and Coronary Artery Calcium

Participants who drank ≥1 cup/day of coffee had a greater prevalence of coronary artery 

calcium scores ≥100 compared to those who did not drink coffee in the model adjusted for 

demographic covariates (Table 3). This relationship was attenuated with multivariable 

adjustment (RR: 1.10 [CI: 0.89–1.35]). In fully-adjusted multivariable models, however, 

participants who drank ≥1 cup/day of tea had a lower prevalence of coronary artery calcium 

scores ≥100 compared to those who did not drink tea (0.64 [0.49–0.84]). For caffeine intake, 

participants in the 2nd tertile of caffeine intake were less likely to have coronary artery 

calcium presence ≥100 (0.81 [0.66–1.00]) compared to the 1st quintile (Figure 1).

In longitudinal analyses, coffee intake was not associated with coronary artery calcium 

progression in fully-adjusted multivariable models (Table 4, Figure 2). In contrast, 

participants who drank ≥1 cup/day of tea had a reduced progression of coronary artery 

calcium (PR: 0.73 [0.61–0.87]). Participants with higher caffeine consumption also had less 

coronary artery calcium progression (PR: 0.87 [0.76–1.00] comparing 3rd vs 1st tertile). In 

sensitivity analysis, exclusion of participants with coronary artery calcium of 0 at baseline or 

exclusion of Chinese participants did not significantly change coronary artery calcium 

progression ratios (Supplemental Table 1). We found a statistically significant interaction 

between caffeine and smoking (p=0.008), as well as caffeine and sex (p=0.02) for coronary 

artery calcium progression. In stratified analyses, the associations were stronger in non-

smokers and former smokers compared to current smokers (Supplemental Tables 2–4) and in 

men compared to women (Supplemental Tables 5–6).

Coffee/Tea Intake and Cardiovascular Events

Compared to participants who did not drink any coffee, those who drank <1 cup/day of 

coffee had an increased incidence of cardiovascular events (HR 1.28, [95% CI: 1.02–1.61] 

(Table 5), while tea intake of ≥1 cup/day was associated with a lower incidence of 

cardiovascular events compared with no tea intake (HR 0.71 [95% CI 0.53–0.95]). Caffeine 

intake was not associated with cardiovascular events. In sensitivity analyses, the associations 

were similar when we used hard cardiovascular events as the endpoint or when we excluded 

Chinese-American participants (Supplemental Tables 1,7). For cardiovascular events, there 
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were no significant interactions between coffee, tea, or caffeine intake and sex, race/

ethnicity, age, or smoking.

Discussion

In this multi-ethnic study of men and women, we found that being a regular tea drinker was 

associated with a lower prevalence and progression of coronary artery calcium and a lower 

incidence of cardiovascular events. Conversely, being an occasional coffee drinker was 

associated with an increased incidence of cardiovascular events compared to never drinkers, 

but coffee intake was not associated with coronary artery calcium prevalence or progression. 

Also notable, we did not find that regular coffee intake was associated with an increased 

incidence of cardiovascular events. Moderate caffeine intake was associated with a slower 

progression of coronary artery calcium, but not with cardiovascular events. In stratified 

analyses, men and nonsmokers had stronger inverse associations between tea intake and 

coronary artery calcium progression than women or current smokers.

Although the relationship between coffee and cardiovascular disease has been well studied, 

the association between tea and cardiovascular disease is less clear. A meta-analysis found a 

non-significant trend towards a decreased rate of myocardial infarction in individuals 

drinking 3 cups/day of tea,20 but this study was likely limited by publication bias, 

preferentially including small studies with positive findings. Kuriyama et al reported an 

association of green tea consumption with reduced all-cause and cardiovascular disease 

mortality in a middle aged Japanese population.21 In the Coronary Artery Risk Development 

in Young Adults (CARDIA) Study, the authors found a lower odds of coronary artery 

calcium progression over 5 years in those who drank more than 2 cups/day of tea.11 Our 

findings are consistent with and extend those from CARDIA, as we discovered an inverse 

association between regular tea intake and cardiovascular events in an older, more diverse, 

and larger population. In addition, our results were consistent in sensitivity analysis after 

exclusion of Chinese participants, an ethnic group with a higher prevalence of tea 

consumption. Further, this relationship was seen most predominantly in those with coronary 

artery calcium at baseline, which could be related to the components in tea having greater 

benefits for those already with coronary artery disease.22,23

Proposed benefits of tea, specifically through polyphenols such as flavonoids,20,24 include 

antioxidant properties that decrease the oxidation of low-density lipoproteins,25 enhance 

nitric oxide release,26 improve short and long-term endothelial function,27 and decrease 

progression of atherosclerosis.28,29 In a meta-analysis with nearly 100,000 individuals, 

moderate intake of flavonoids was associated with decreased cardiovascular mortality.30 

However, intervention studies in humans have yielded conflicting results, which may be due 

to differences in flavonoid administration, patient population, and bioavailability.31 

Regardless, flavonoid consumption, primarily through a Mediterranean diet, is 

recommended by the American Heart Association for secondary prevention of 

cardiovascular disease.32

The majority of studies assessing the association between coffee and cardiovascular disease 

have shown a neutral to perhaps beneficial effect.6–8 However, in those finding a favorable 
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effect, the dose-response relationship between coffee and cardiovascular disease has 

significantly differed.8,33,34 A recent meta-analysis described a nonlinear association where 

moderate coffee consumption was associated with a lower cardiovascular risk while higher 

and lower consumption was neutral.8 More recently, an analysis of over 200,000 individuals 

from the Nurses’ Health Study (NHS), NHS2, and Health Professionals Follow-up Study 

found a U-shaped association with moderate coffee consumption being associated with 

lower all-cause and cardiovascular mortality. When analysis was limited to never smokers, 

this relationship became linear, perhaps secondary to residual confounding.35 A potential 

limitation of these analyses include the predominantly white population of medical and 

health professionals, raising questions of generalizability, as compared with the diverse 

population in the present study.

In order to investigate the possible mechanisms behind the association of coffee and 

cardiovascular disease, others have studied the association of coffee with coronary artery 

calcium, a measure of subclinical atherosclerosis.36 In the Rotterdam Study, there was no 

association between coffee and coronary artery calcium in men, but women who drank >3 

cups/day of coffee had a lower incidence of severe coronary artery calcium (defined as 

scores >400).10 Unfortunately, this study did not adjust for many known cardiovascular risk 

factors, including smoking, hypertension, diabetes, and lipid levels.

In CARDIA, there was no association between coffee intake with the prevalence or 

progression of coronary artery calcium.11 Results were not adjusted for several 

cardiovascular risk factors, but adjusted for smoking and physical activity. In the Kangbuk 

Samsung Health Study of Korean men and women, Choi et al found an U-shaped association 

with the lowest prevalence of coronary artery calcium in individuals drinking 3–4 cups/day 

of coffee.12 This dose response association was similar to that found in the meta-analysis of 

coffee intake and cardiovascular disease by Ding et al.8 In contrast, our study showed that 

occasional and regular coffee intake had a relatively neutral association with coronary artery 

calcium.

One potential explanation for the differences between studies may be cultural differences in 

coffee drinking. Another potential explanation for the differences between studies could be 

variable statistical adjustment.10,11 In the present analysis, occasional coffee drinkers had a 

higher rate of future cardiovascular events while regular drinkers had a neutral effect on 

cardiovascular events compared to never drinkers. Given that participants and their providers 

were informed of their computed tomography imaging results at baseline, it is possible that 

participants with higher coronary artery calcium scores or other high-risk features abstained 

from coffee intake due to perceived harm, such as deleterious effects on blood pressure. Our 

study may also be underpowered to detect an U-shaped pattern between coffee intake and 

cardiovascular events but the analysis of coronary artery calcium also did not identify a non-

learner association. Finally, we cannot rule out residual confounding.

Limitations

While the observational nature of this study implies the potential for unmeasured 

confounders, our aim was to provide the best possible results with the available data, which 

includes a diverse population as opposed to a single ethnic group or specialized cohort, such 
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as health professionals. In the future, we suggest that research methods must evolve from 

retrospective questionnaires to more careful tracking of diet, perhaps through smartphone 

fitness apps. On the MESA questionnaire, participants were not able to differentiate between 

decaffeinated or caffeinated beverages or between green and black tea. However, we 

included caffeine consumption in our analyses. As with any dietary study, responses were 

dependent on participant recall and subject to measurement error. However we judged that 

recall would be more accurate for never, occasional, and regular consumption, as compared 

with more granular categories. Further, coffee and tea intake have shown relatively high 

reproducibility and validity on questionnaires.35,37,38 Our study also has several strengths, 

including a diverse population, the use of carefully standardized and high quality field 

methods, and the assessment of coffee, tea, and caffeine with robust multivariable 

adjustment and sensitivity analyses. Further, to our knowledge, this is the first study to 

assess both subclinical and clinical cardiovascular outcomes in the same cohort.

Conclusions

In this large multi-ethnic sample, regular tea consumption was associated with decreased 

prevalence and progression of coronary artery calcium, and with a decreased incidence of 

cardiovascular events. Our study supports regular tea consumption as part of a heart healthy 

diet as recommended by the American Heart Association.32 In contrast, we found a neutral 

association between regular coffee and caffeine intake with coronary artery calcium and 

incident cardiovascular outcomes, suggesting regular intake is safe. Further studies are 

needed to delineate whether the protective association with tea consumption can be 

harnessed or if tea drinkers generally have healthier behaviors not measured in this study.

Supplementary Material

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

• Regular tea drinkers have slowed progression of coronary artery calcium and 

fewer cardiovascular events.

• Regular coffee drinkers have coronary artery calcium scores and 

cardiovascular event rates that are similar to others, suggesting regular intake 

is safe.

• These findings appear independent of caffeine intake.
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Figure 1. 
Odds ratio of coronary artery calcium scores (CAC score ≥100) by coffee, tea and caffeine 

consumption.

The curves represent the adjusted OR of CAC scores ≥100 Agatston unit) and coffee/tea/

caffeine consumption. The reference values (diamond dots) were set at 0 drink per day. The 

dose response association was estimated by using a linear and a cubic spline term for 

coffee/tea consumption in the multivariable logistic regression.

The model adjusted for age, sex, race/ethnicity, education, smoking (never, former, current), 

physical activity, total fat, alcohol consumption, fruits quartiles, vegetables quartiles, red 

meat quartiles, systolic and diastolic blood pressures, use of antihypertensive medications, 

lipid-lowering medication, anti-diabetic medication, BMI, family history of CHD, diabetes, 

HDL-cholesterol, total cholesterol, and triglyceride.

For daily caffeine consumption, curves represent adjusted odds ratio (solid line) and their 

95% confidence intervals (dashed lines) based on restricted cubic splines for caffeine intake 

among all participants with knots at the 5th, 35th, 65th and 95th percentiles of their sample 

distributions (corresponding to 0.5, 59, 161, 626 mg). The reference values (diamond dots) 

were set at 10th percentile (5 mg).
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Figure 2. 
Change log (coronary artery calcium scores+1) during follow up among all participants by 

coffee, tea and caffeine consumption at baseline.

The curves represent the adjusted change of CAC scores and coffee/tea consumption. The 

dose response association of coffee/tea consumption was estimated by using a linear and a 

cubic spline term for coffee/tea consumption in the mixed effect regression. The reference 

values (diamond dots) were set at 0 drink per day. For caffeine intake, knots were set at the 

5th, 35th, 65th and 95th percentiles of their sample distributions (corresponding to 0.5, 59, 

161, 626 mg). The reference values (diamond dots) were set at 10th percentile (5 mg). The 

model adjusted for age, sex, race/ethnicity, education, smoking (never, former, current), 

physical activity, total fat, alcohol consumption, fruits quartiles, vegetables quartiles, red 

meat quartiles, systolic and diastolic blood pressures, use of antihypertensive medications, 

lipid-lowering medication, anti-diabetic medication, BMI, family history of CHD, diabetes, 

HDL-cholesterol, total cholesterol, and triglyceride.
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Table 1

Characteristics of study population overall and stratified by coronary artery calcium presence at enrollment

Overall No CAC CAC > 0 p-value

N 6,508 3,249 3,259

Age, years 62.2 ± 10.2 58.0 ± 9.1 66.4 ± 9.5 <0.001

Male 3,083 (47.4) 1,200 (36.9) 1,883 (57.8) <0.001

Daily coffee consumption <0.001

 Never 1,554 (25.0) 833 (27.0) 721 (23.1)

 <1 cup 1,492 (24.0) 768 (24.9) 724 (23.2)

 ≥1 cup 3,159 (50.9) 1,483 (48.1) 1,676 (53.7)

Tea 0.06

 Never 3,562 (57.6) 1,722 (56.1) 1,840 (59.1)

 <1 cup 1,825 (29.5) 939 (30.6) 886 (28.4)

 ≥1 cup 800 (12.9) 411 (13.4) 389 (12.5)

Caffeine consumption, mg/day** 116.6 (32.2 – 254.1) 110.6 (30.2 – 244.8) 124.1 (34.2 – 278.1) 0.18

Race <0.001

 White 2,540 (39.0) 1,096 (33.7) 1,444 (44.3)

 Chinese-American 801 (12.3) 399 (12.3) 402 (12.3)

 Black 1,742 (26.8) 981 (30.2) 761 (23.4)

 Hispanic 1,425 (21.9) 773 (23.8) 652 (20.0)

Education 0.20

 <High school 1,165 (17.9) 560 (17.3) 605 (18.6)

 High school or equivalent 3,007 (46.3) 1,493 (46.0) 1,514 (46.5)

 College, graduate or professional school 2,328 (35.8) 1,192 (36.7) 1,136 (34.9)

Smoking <0.001

 Never 3,289 (50.6) 1,822 (56.1) 1,467 (45.1)

 Former 2,395 (36.8) 1,010 (31.1) 1,385 (42.5)

 Current 817 (12.6) 413 (12.7) 404 (12.4)

Diabetes 810 (12.5) 296 (9.1) 514 (15.8) <0.001

Diabetes medication 628 (9.6) 224 (6.9) 404 (12.4) <0.001

Family history of coronary heart disease 2,607 (42.7) 1,144 (37.2) 1,463 (48.2) <0.001

Antihypertensive medication 2,421 (37.2) 925 (28.5) 1,496 (45.9) <0.001

Lipid lowering medication 1,067 (16.4) 349 (10.8) 718 (22.1) <0.001

Weekly alcohol (number of drinks) 2.3 ± 5.3 2.0 ± 4.9 2.6 ± 5.6 <0.001

Body mass index, kg/m2 28.2 ± 5.4 28.2 ± 5.6 28.3 ± 5.3 0.46

Systolic blood pressure, mm Hg 126.5 ± 21.4 122.2 ± 20.3 130.8 ± 21.7 <0.001

Diastolic blood pressure, mm Hg 71.9 ± 10.2 71.2 ± 10.2 72.6 ± 10.2 <0.001

Total cholesterol, mg/dl 194.1 ± 35.7 193.8 ± 34.8 194.5 ± 36.5 0.39

High-density lipoprotein cholesterol, mg/dl 51.0 ± 14.9 52.6 ± 15.1 49.5 ± 14.5 <0.001
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Overall No CAC CAC > 0 p-value

Low-density lipoprotein cholesterol, mg/dl 117.1 ± 31.3 116.0 ± 30.5 118.3 ± 32.1 <0.01

Triglyceride, mg/dl 131.4 ± 86.7 126.7 ± 81.5 136.1 ± 91.4 <0.001

eGFR, CKD-EPI equation mL/min/1.73 m2 78.0 ± 16.3 81.4 ± 15.3 74.5 ± 16.5 <0.001

Fibrinogen, mg/dl 346.1 ± 73.6 338.8 ± 70.6 353.3 ± 75.7 <0.001

Dietary consumption

 Total fat, g/day 56.5 ± 35.9 57.8 ± 37.7 55.1 ± 33.9 <0.01

 Total carbohydrates, g/day 215.2 ± 114.2 218.0 ± 118.3 212.4 ± 110.1 0.05

 Red meat, g/day 0.4 ± 0.4 0.4 ± 0.4 0.4 ± 0.4 <0.001

 Green leafy vegetables, g/day 0.1 ± 0.2 0.1 ± 0.2 0.1 ± 0.2 0.03

 Fruit, g/day 1.8 ± 1.5 1.8 ± 1.6 1.9 ± 1.5 0.33

Total intentional exercise, met-min/week** 840.0 (123.8 – 2043.8) 750.0 (105.0 – 1920.0) 900.0 (157.5 – 2100.0) 0.01

C-reactive protein, mg/l** 1.9 (0.8 – 4.2) 1.9 (0.8 – 4.2) 1.9 (0.8 – 4.1) 0.93

*
data are mean ± SD or number(%)

**
data are median (IQR)
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Table 2

Race/ethnicity distribution by tea and coffee consumption

Coffee

None <1 cup ≥ 1 cups

White 417 (26.8%) 420 (28.2%) 1,626 (51.5%)

Chinese-American 361 (23.2%) 240 (16.1%) 187 (6.0%)

Black 502 (32.3%) 510 (34.2%) 589 (18.6%)

Hispanic 274 (17.6%) 322 (21.6%) 757 (24.0%)

Tea

None <1 cup ≥ 1 cup

White 1,335 (37.5%) 816 (44.7%) 304 (38.0%)

Chinese-American 231 (6.5%) 276 (15.1%) 281 (35.1%)

Black 950 (26.7%) 491 (26.9%) 152 (19.0%)

Hispanic 1,046 (29.4%) 242 (13.3%) 63 (7.9%)
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Table 3

Relative risk ratios* (95% CIs) for prevalent coronary artery calcium by categories of coffee, tea, and caffeine 

consumption

Daily coffee consumption

None (n=1,554) <1 cup (n=1,492) ≥1 cup (n=3,159)

CAC score 1 – 99

No. of cases 415 389 831

 Model 1 1.00 1.07 (0.89, 1.28) 1.04 (0.88, 1.22)

 Model 2 1.00 1.06 (0.88, 1.28) 1.01 (0.85, 1.19)

 Model 3 1.00 1.06 (0.87, 1.28) 1.01 (0.85, 1.20)

 Model 4 1.00 1.07 (0.88, 1.30) 1.02 (0.85, 1.21)

CAC score ≥ 100

No. of cases 306 335 845

 Model 1 1.00 1.22 (0.99, 1.51) 1.25 (1.04, 1.51)

 Model 2 1.00 1.21 (0.96, 1.51) 1.10 (0.90, 1.35)

 Model 3 1.00 1.16 (0.92, 1.47) 1.11 (0.90, 1.36)

 Model 4 1.00 1.18 (0.93, 1.49) 1.10 (0.89, 1.35)

Daily tea consumption

None (n=3,562) <1 cup (n=1,825) 1 cup (n=800)

CAC score 1 – 99

No. of cases 945 455 230

 Model 1 1.00 0.93 (0.80, 1.08) 0.89 (0.73, 1.09)

 Model 2 1.00 0.94 (0.81, 1.10) 0.91 (0.74, 1.13)

 Model 3 1.00 0.96 (0.82, 1.13) 0.91 (0.73, 1.13)

 Model 4 1.00 0.96 (0.81, 1.12) 0.90 (0.73, 1.12)

CAC score ≥ 100

No. of cases 895 431 159

 Model 1 1.00 0.96 (0.81, 1.14) 0.65 (0.51, 0.83)

 Model 2 1.00 1.01 (0.85, 1.21) 0.66 (0.51, 0.85)

 Model 3 1.00 1.04 (0.86, 1.24) 0.65 (0.50, 0.84)

 Model 4 1.00 1.03 (0.86, 1.24) 0.64 (0.49, 0.84)

Caffeine consumption (mg/day)

1st Tertile (<55) 2nd Tertile (55–<167) 3rd Tertile (167–1354)

CAC score 1 – 99

No. of cases 581 590 555

 Model 1 1.00 1.02 (0.88, 1.19) 0.96 (0.81, 1.12)

 Model 2 1.00 1.02 (0.86, 1.20) 0.92 (0.76, 1.10)

 Model 3 1.00 1.00 (0.85, 1.19) 0.89 (0.74, 1.06)

 Model 4 1.00 0.99 (0.84, 1.18) 0.89 (0.74, 1.07)

CAC score ≥ 100
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Daily coffee consumption

None (n=1,554) <1 cup (n=1,492) ≥1 cup (n=3,159)

No. of cases 480 514 539

 Model 1 1.00 0.99 (0.83, 1.18) 1.04 (0.86, 1.25)

 Model 2 1.00 0.87 (0.71, 1.06) 0.86 (0.70, 1.06)

 Model 3 1.00 0.83 (0.68, 1.01) 0.83 (0.67, 1.02)

 Model 4 1.00 0.81 (0.66, 1.00) 0.82 (0.66, 1.01)

*
Relative risk ratios were derived from multinomial logistic regression.

Model 1: age, sex, race/ethnicity, and education.

Model 2: model 1 + smoking (never, former, current), physical activity, total fat, alcohol consumption, fruits quartiles, vegetables quartiles, red 
meat quartiles

Model 3: model 2 + systolic and diastolic blood pressures, use of antihypertensive medications, lipid-lowering medications, diabetes medications, 
body mass index, family history of coronary heart disease, diabetes, high-density lipoprotein cholesterol, total cholesterol, triglyceride

Model 4: model 3 + C-reactive protein, and fibrinogen
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Table 4

Prospective: Coronary artery calcium progression ratios (95% CIs)* by categories of coffee and tea 

consumption among all individuals

Daily coffee consumption

None <1 cup ≥1 cup

N people/n visits 1554/3913 1492/3811 3159/8064

 Model 1 1.00 1.14 (0.97, 1.33) 1.17 (1.02, 1.34)

 Model 2 1.00 1.13 (0.96, 1.32) 1.06 (0.92, 1.22)

 Model 3 1.00 1.10 (0.94, 1.28) 1.06 (0.92, 1.22)

 Model 4 1.00 1.11 (0.95, 1.29) 1.06 (0.92, 1.22)

Daily tea consumption

None <1 cup ≥1 cup

N people/n visits 3562/8963 1825/4743 800/2029

 Model 1 1.00 0.92 (0.81, 1.05) 0.72 (0.61, 0.86)

 Model 2 1.00 0.95 (0.83, 1.08) 0.74 (0.62, 0.88)

 Model 3 1.00 0.97 (0.85, 1.10) 0.74 (0.62, 0.88)

 Model 4 1.00 0.96 (0.85, 1.09) 0.73 (0.61, 0.87)

Caffeine consumption (mg/day)

1st Tertile (<55) 2nd Tertile (55–<167) 3rd Tertile (167–1354)

N people/n visits 2174/5481 2165/5460 2169/5622

Model 1 1.00 0.99 (0.87, 1.13) 1.04 (0.91, 1.19)

Model 2 1.00 0.90 (0.79, 1.04) 0.91 (0.79, 1.06)

Model 3 1.00 0.88 (0.77, 1.01) 0.89 (0.77, 1.03)

Model 4 1.00 0.87 (0.76, 1.00) 0.88 (0.76, 1.02)

*
Progression ratio was derived from mixed effect regression models using loge(calcium+1) as the outcome

Model 1: age, sex, race/ethnicity, education, and number of follow-up years.

Model 2: model 1 + smoking (never, former, current), physical activity, total fat, alcohol consumption, fruits quartiles, vegetables quartiles, red 
meat quartiles

Model 3: model 2 + systolic and diastolic blood pressures, use of antihypertensive medications, lipid-lowering medication, anti-diabetic 
medication, body mass index, family history of coronary heart disease, diabetes, high-density lipoprotein cholesterol, total cholesterol, triglyceride

Model 4: model 3 + C-reactive protein, and fibrinogen
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Table 5

Hazard ratios between coffee and incident cardiovascular event

Daily coffee consumption

None <1 cup ≥ 1 cups

N event/n total 146/1552 189/1492 380/3156

IR per 1000 py 8.6 11.9 11.3

Model 1 1.00 1.33 (1.07, 1.66) 1.12 (0.92, 1.37)

Model 2 1.00 1.29 (1.03, 1.61) 0.97 (0.78, 1.19)

Model 3 1.00 1.29 (1.02, 1.61) 0.96 (0.78, 1.19)

Model 4 1.00 1.28 (1.02, 1.61) 0.97 (0.78, 1.20)

Daily tea consumption

None <1 cup ≥ 1 cups

N event/n total 460/3558 189/1824 68/800

IR per 1000 py 12.3 9.5 7.7

Model 1 1.00 0.89 (0.75, 1.06) 0.69 (0.53, 0.90)

Model 2 1.00 0.92 (0.76, 1.10) 0.70 (0.53, 0.93)

Model 3 1.00 0.92 (0.77, 1.11) 0.72 (0.54, 0.96)

Model 4 1.00 0.92 (0.76, 1.10) 0.71 (0.53, 0.95)

Caffeine consumption (mg/day)

1st Tertile (<55) 2nd Tertile (55–<167) 3rd Tertile (167–1354)

N event/n total 235/2172 266/2165 249/2166

IR per 1000 py 10.0 11.6 10.7

Model 1 1.00 1.06 (0.89, 1.27) 1.05 (0.87, 1.27)

Model 2 1.00 1.00 (0.82, 1.21) 0.89 (0.72, 1.10)

Model 3 1.00 0.96 (0.79, 1.17) 0.86 (0.70, 1.07)

Model 4 1.00 0.96 (0.79, 1.17) 0.87 (0.70, 1.07)

IR = incident rates, py = person years

Model 1: age, sex, race/ethnicity, and education.

Model 2: model 1 + smoking (never, former, current), physical activity, total fat, alcohol consumption, fruits quartiles, vegetables quartiles, red 
meet quartiles

Model 3: model 2 + systolic and diastolic blood pressures, use of antihypertensive medications, lipid-lowering medication, anti-diabetic 
medication, body mass index, family history of coronary heart disease, diabetes, high-density lipoprotein cholesterol, total cholesterol, triglyceride

Model 4: model 3 + C-reactive protein, and fibrinogen
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