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SUMMARY

Background & aims—While a recent meta-analysis of prospective studies reported that coffee 

consumption is associated with a lower risk of cardiovascular disease mortality, limited and 

inconsistent data are available on the relation of coffee intake with subclinical disease. Thus, the 
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aim of the present study was to see the association of coffee consumption with the prevalence of 

atherosclerotic plaque in the coronary arteries in NHLBI Family Heart Study.

Methods—In a cross-sectional design, we studied 1929 participants of the NHLBI Family Heart 

Study without known coronary heart disease. Coffee consumption was assessed by a semi-

quantitative food frequency questionnaire and coronary-artery calcium (CAC) was measured by 

cardiac computed tomography. We defined prevalent CAC as an Agatston score of ≥100 and used 

generalized estimating equations to calculate prevalence ratios of CAC as well as a sensitivity 

analysis at a range of cutpoints for CAC.

Results—Mean age was 56.7 years and 59% of the study subjects were female. In adjusted 

analysis for age, sex, BMI, smoking, alcohol, physical activity, field center, and energy intake, 

prevalence ratio (95% CI) for CAC was 1.0 (reference), 0.92 (0.57–1.49), 1.34 (0.86–2.08), 1.30 

(0.84–2.02), and 0.99 (0.60–1.64) for coffee consumption of almost never, <1/day, 1/day, 2–3/day, 

and ≥4 cups/day, respectively. In a sensitivity analysis, there was no evidence of association 

between coffee consumption and prevalent CAC when CAC cut points of 0, 50, 150, 200, and 300 

were used.

Conclusions—These data do not provide evidence for an association between coffee 

consumption and prevalent CAC in adult men and women.
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1. Introduction

Coffee is consumed by 63% of adults in United States with an average consumption of 2.9 

cups/day [1]. In a recent meta-analysis of 21 prospective studies, coffee consumption was 

associated with a lower risk of cardiovascular disease mortality, with the lowest risk 

observed among consumers of 4 cups/day [2]. It is unclear whether coffee consumption 

influences subclinical disease.

Coronary artery calcium (CAC) detected by cardiac computed tomography (cardiac CT) is a 

subclinical marker of atherosclerosis, which predicts cardiovascular heart disease [3,4]. 

Limited and inconsistent data exist on the relation of coffee consumption with subclinical 

atherosclerosis. The Rotterdam coronary calcification study with 1570 adults found that 

coffee consumption of >3 to 4 cups per day was associated with lower risk of coronary 

calcification in women compared with three or less cups of coffee consumption per day [5]. 

In addition, in a cross sectional study of 25 138 young and middle-age adults, moderate 

coffee consumption (3 to <5 cups per day) was associated with lower prevalence of 

subclinical coronary atherosclerosis [6]. However, in the CARDIA study with 5115 adults 

aged 18–30 years, no association was found between coffee consumption of >3–4 cups and 

coronary calcification [7].

We sought to test the hypothesis that moderate coffee consumption is associated with lower 

prevalence of atherosclerotic plaque in coronary arteries in National Heart, Lung, and Blood 

Institute Family Heart Study (NHLBI FHS).
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2. Materials and methods

2.1. Study population

The NHLBI FHS study was designed to identify and evaluate genetic and non-genetic 

determinants of coronary heart disease (CHD), preclinical atherosclerosis, and 

cardiovascular risk factors. The details of NHLBI FHS have been described in detail in prior 

publications [8,9]. A total of 5710 subjects underwent baseline clinical examination from 

1993 to 1995. Between 2002 and 2003, about one-third of these subjects were invited to 

participate in a clinical examination that included measurement of CAC with cardiac CT. In 

addition to this, Hypertension Genetic Epidemiology Network Study, an African-American 

center at University of Alabama, recruited subjects that underwent cardiac CT. Amongst 

3370 subjects who had data on cardiac CT, 980 subjects did not have data on coffee 

consumption at baseline evaluation. 279 subjects were excluded for prevalent CHD, 19 

subjects were non-white. The final sample size for current analyses was 1929. Each subject 

gave informed consent and the study protocol was reviewed and approved by each of the 

participating institutions.

2.2. Assessment of coffee consumption

Dietary information was collected through a staff-administered semi-quantitative food 

frequency questionnaire developed by Willett et al. [10]. The reproducibility and validity of 

the food frequency questionnaire have been documented elsewhere [11,12]. Each subject 

was asked the following question: “In the past year, how often on average did you consume 

caffeinated coffee?” (Item #61 in the questionnaire forms). Possible responses were: almost 

never, 1–3/month, 1/week, 2–4/week, 5–6/week, 1/day, 2–3/day, 4–6/day, and >6/day. Due 

to sparse data, we combined adjacent categories while creating final exposure categories of 

almost never, <1/day, 1/day, 2–3/day, and ≥4 cups/day for stable estimates.

2.3. Measurement of calcified atherosclerotic plaque in the coronary arteries

Cardiac CT examinations were obtained using General Electric Health Systems LightSpeed 

Plus and LightSpeed Ultra, Siemens Volume Zoom, or Philips MX 8000 machines. These 

examinations were performed using the same protocol as employed in the NHLBI’s Multi-

Ethnic Study of Atherosclerosis [13]. The details of cardiac CT examination have been 

reported in previous publications [9]. Cardiac CT images from all sites were sent 

electronically to the central CT reading center located at Wake Forest University Health 

Sciences, Winston Salem, NC, where trained CT analysts identified CAC in the epicardial 

coronary arteries using Agatston score. Agatston score refers to the amount of calcium 

detected by the scan based on the area and the density of the calcified plaques [14]. In this 

study, the sum of the vessel plaque is reported as the total CAC score. Total CAC scores 

from the first and second measured values were then averaged.

2.4. Other variables

Information on cigarette smoking and alcohol intake was obtained by interview during the 

clinic visit. Dietary information was obtained using a food frequency questionnaire. Level of 

physical activity during the previous year was estimated through self-reported data. Data on 
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weight and height were collected with participants wearing scrub suits. Prevalent CHD was 

defined as a self-reported history of myocardial infarction, percutaneous transluminal 

coronary angioplasty, or coronary artery bypass graft. All variables used in these analyses 

were ascertained during the initial examination (1993–1995) except for CAC scores, which 

were obtained during a follow-up examination (2002–2003).

2.5. Statistical analysis

CAC was dichotomized into Agatston CAC score of 100+ versus less than 100, as described 

previously [9]. To correct for familial clustering, we used generalized estimating equations 

to calculate the prevalence ratios of CAC with corresponding 95% confidence interval across 

categories of coffee consumption. Multivariate model was adjusted for age, sex, field center, 

body mass index (continuous), smoking (current smoker Y/N), alcohol intake (current 

alcohol intake Y/N), physical activity (quartiles of total MET-min/wk), and caloric intake 

(continuous). All analyses were completed using SAS, version 9.3 (SAS institute Inc, Cary, 

NC). All p –values were 2-tailed and significance level was set at an alpha of 0.05.

3. Results

Of the total 1929 subjects, 59% were female and the mean age was 56.7 years. Median 

Agatston score (IQR) was 0.50 (61.5). Table 1 shows the baseline characteristics by 

categories of coffee consumption. Subjects who consume more coffee per day were more 

likely to be active smokers and alcohol drinkers, and less likely to be diabetic.

In crude analysis, higher coffee consumption was associated with higher CAC prevalence 

[prevalence ratio (95% CI) of: 1.0 (reference), 1.34 (0.92–1.94), 2.48 (1.81–3.40), 2.45 

(1.82–3.30), and 1.81 (1.29–2.56) for coffee consumption of almost never, <1/day, 1/day, 2–

3/day, and ≥4 cups/day respectively (p for linear trend <0.0001, Table 2)]. However, 

adjustment for age, sex, BMI, smoking, alcohol, physical activity, field center, and energy 

intake eliminated the observed association [corresponding prevalence ratios were 1.0 

(reference), 0.92 (0.57–1.49), 1.34 (0.86–2.08), 1.30 (0.84–2.02), and 0.99 (0.60–1.64) 

respectively (p for linear trend, 0.44, Table 2)], with age and smoking accounting the most 

attenuation (Table 2). In a sensitivity analysis, there was no evidence of association between 

coffee consumption and prevalent CAC in either men or women, and when CAC cut points 

of 0, 50, 150, 200, and 300 were used.

4. Discussion

In our study, we did not find an association between coffee consumption and prevalent CAC 

in adult subjects free of prevalent CHD after adjustment for cardiovascular risk factors.

The results from our study are comparable to the CARDIA study (n = 5115), where habitual 

coffee consumption during young adulthood (mean age: 25.6 years) was not associated with 

prevalent CAC measured 15–20 years later or its progression over 5 years of follow-up [7]. 

Subjects in the CARDIA study were younger who consumed less coffee (16% reported 

consuming 3 cups/day or more). In contrast to the CARDIA study, subjects in our study are 

middle aged men and women, and hence are representative of general population.
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Contrary to our findings, two studies have shown that consumption of 3–4 cups of coffee per 

day is associated with lower risk of CAC. In Rotterdam study (n = 1570), the Van 

Woudenbergh et al. showed that coffee consumption of 3–4 cups per day was associated 

with 59% lower risk for CAC in women (OR 0.41; 95% CI 0.25–0.65), but not in men [5]. 

In sex-specific sensitivity analysis in our study, coffee consumption was not associated with 

prevalent CAC in either men or women. In Choi et al. study (n = 25138), coffee 

consumption of 3–4 cups per day was associated with 41% lower prevalence of CAC (score 

ratio 0.59; 95% CI 0.38–0.93) [6]. In this study, the average age of study participants was 41 

years, 83.7% participants were male, and about 82% participants have completed college 

graduation or higher [6]. Hence, their results might not be generalizable to the other 

populations. Also, compared to using the CAC cut point of 0 and 400 respectively in Choi et 

al. and Van Woudenbergh et al. studies, our study was robust to use different cut points of 0, 

50, 100, 150, 200, and 300 to define the presence of coronary calcification.

The mechanism behind potential beneficial relationship between coffee consumption and 

cardiovascular risk remains unclear. It might be possible that the protective effect of coffee 

consumption comes through a different physiology than that through reducing 

atherosclerosis, such as by reducing risk factors responsible for cardiovascular disease. 

Coffee consumption has been associated with a lower risk of diabetes type 2 [15], 

improvement of insulin sensitivity [16], hypertension [17], and decreased LDL-C oxidation 

[18], primarily due to its anti-inflammatory [19] and anti-oxidant [20] properties.

Our study has limitations including its observational cross-sectional design, self-reported 

dietary and coffee consumption only at baseline which could have limited our ability to 

capture variations in dietary habits over time affecting the CAC outcomes. Although CAC 

measurement was completed about 7 years after dietary assessment, we did not have 

baseline CAC measurement to differentiate calcification that was present at baseline from 

calcification that developed after assessment of coffee consumption. On the other hand, the 

large sample size, detailed dietary questionnaire, availability of data on major CHD risk 

factors, and usage of different cut points of CAC to define presence of coronary calcification 

are major strengths of the study.

5. Conclusion

In conclusion, we found no association between coffee consumption and prevalent CAC in 

adult men and women.
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Table 2

Prevalence ratio (95% confidence intervals) of calcified atherolsclerotic plaque in the coronary arteries 

according to coffee consumption in 1929 participants in the NHLBI Family Heart Study.

Frequency of coffee consumption CAC prevalence (%) Crude Model 1a Model 2b

Almost never 16.8 1.00 1.00 1.00

<1 cup/day 21.4 1.34 (0.92–1.94) 1.03 (0.67–1.58) 0.92 (0.57–1.49)

1 cup/day 33.5 2.48 (1.81–3.40) 1.32 (0.89–1.94) 1.34 (0.86–2.08)

2–3 cups/day 33.2 2.45 (1.82–3.30) 1.53 (1.07–2.18) 1.30 (0.84–2.02)

≥4 cups/day 26.9 1.81 (1.29–2.56) 1.21 (0.77–1.90) 0.99 (0.60–1.64)

P for trend <0.0001 0.17 0.44

Abbreviations: CAC, coronary artery calcium; NHLBI, National Heart, Lung, and Blood Institute.

a
Model 1 is adjusted for age and smoking.

b
Model 2 is adjusted for age, sex, BMI, smoking, alcohol, physical activity, field center, and total calories.
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