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Abstract
Aims The long-term impact of coffee or tea consumption on subclinical left ventricular (LV) systolic or diastolic function has
not been previously studied. We examined the association between coffee or tea consumption beginning in early adulthood
and cardiac function in midlife.
Methods and results We investigated 2735 Coronary Artery Risk Development in Young Adults (CARDIA) study participants
with long-term total caffeine intake, coffee, and tea consumption data from three visits over a 20 year interval and available
echocardiography indices at the CARDIA Year-25 exam (2010–2011). Linear regression models were used to assess the association between caffeine intake, tea, and coffee consumption (independent variables) and echocardiography outcomes [LV
mass, left atrial volume, and global longitudinal strain (GLS), LV ejection fraction (LVEF), and transmitral Doppler early ﬁlling
velocity to tissue Doppler early diastolic mitral annular velocity (E/e´)]. Models were adjusted for standard cardiovascular risk
factors, socioeconomic status, physical activity, alcohol use, and dietary factors (calorie intake, whole and reﬁned grain intake,
and fruit and vegetable consumption). Mean (standard deviation) age was 25.2 (3.5) years at the CARDIA Year-0 exam (1985–
1986), 57.4% were women, and 41.9% were African-American. In adjusted multivariable linear regression models assessing the
relationship between coffee consumption and GLS, beta coefﬁcients when comparing coffee drinkers of <1, 1–2, 3–4, and >4
cups/day with non-coffee drinkers were β = 0.30%, P < 0.05; β = 0.35%, P < 0.05; β = 0.32%, P < 0.05; β = 0.40%,
P > 0.05; respectively (more negative values implies better systolic function). In adjusted multivariable linear regression
models assessing the relationship between coffee consumption and E/e´, beta coefﬁcients when comparing coffee drinkers
of <1, 1–2, 3–4, and >4 cups/day with non-coffee drinkers were β = 0.29, P < 0.05; β = 0.38, P < 0.01; β = 0.20,
P > .05; and β = 0.37, P > 0.05, respectively (more negative values implies better diastolic function). High daily coffee consumption (>4 cups/day) was associated with worse LVEF (β = 1.69, P < 0.05). There were no associations between either tea
drinking or total caffeine intake and cardiac function (P > 0.05 for all).
Conclusions Low-to-moderate daily coffee consumption from early adulthood to middle age was associated with better LV
systolic and diastolic function in midlife. High daily coffee consumption (>4cups/day) was associated with worse LV function.
There was no association between caffeine or tea intake and cardiac function.
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Introduction
Coffee and tea are among the most widely consumed beverages. More than half of adults in the United States drink at
least one cup of coffee each day, and this proportion is expected to increase with the aging of the population.1 Given
that a substantial amount of people drink coffee or tea, even
small cardiovascular beneﬁts or risks associated with their
consumption may have signiﬁcant population attributable
risk. An important area of scientiﬁc inquiry is the role of coffee or tea consumption on heart failure (HF)—a leading
causes of morbidity and mortality that is projected to worsen
over the next decade.2 Studies examining the association between coffee or tea consumption and HF have been inconsistent. Separate studies have shown positive, neutral, or
negative associations between these beverages and adverse
outcomes.3–7 Examining associations between coffee, caffeine, or tea consumption and subclinical cardiac dysfunction
may elucidate underlying mechanisms and provide further insights about HF risk. In this context, it is well established that
antecedent cardiac dysfunction precedes the onset of overt
HF.8 We investigated the association between daily coffee,
caffeine, or tea consumption in the early adult lifespan and
subclinical cardiac function in middle age using data from
the Coronary Artery Risk Development in Young Adults (CARDIA) study.
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no signiﬁcant difference in baseline coffee or tea
consumption.

Coffee, caffeine, and tea consumption
assessment
The CARDIA study utilized validated interviewer-administered
dietary instruments, which have been described in prior
studies.10,11 Dietary history was obtained at Year-0, Year-7,
and Year-20. Participants were asked to report detailed food
intake patterns. Daily coffee, tea, and caffeine consumption
at CARDIA Year-0, Year-7, and Year-20 were utilized because
multiple points have been shown to be more precise estimates of intake compared with a single assessment.10,11 Similar to prior CARDIA analysis,11 daily total caffeine intake
(milligrammes per day) was calculated from all caffeine containing beverages and foods reported and categorized in
quintiles. A cup of coffee or tea was considered to be approximately 237 mL or 8 oz. Daily coffee consumption was categorized as <1, 1–2, 3–4, and >4 cups/day whereas tea
consumption was categorized as <1, 1–2, and >2
cups/day.11 The response rate for decaffeinated coffee was
low (<25%). The CARDIA dietary history assessments also
provided data on alcohol consumption, calorie intake, whole
and reﬁned grain intake, and fruit and vegetable consumption (servings/day).

Methods

Risk factor assessment

The CARDIA study is a community-based cohort study designed to investigate the development and determinants of
cardiovascular disease in 5115 men and women initially aged
18–30 years at study baseline.9 Participants were recruited
between 1985 and 1986 (Year-0 exam) from four US communities (Birmingham, AL; Chicago, IL; Minneapolis, MN; and
Oakland, CA) and followed up in seven subsequent visits up
until 2011 in this analytical sample.9 All participants provided
written informed consent at each examination, and the institutional review boards of each institution approved the study
in compliance with the Declaration of Helsinki.

The CARDIA study risk factor assessments have been described in previous studies.11 Brieﬂy, three-seated blood pressure measurements were obtained using a random zero
sphygmomanometer. The average of the second and third
measurements were used. Diabetes mellitus was ascertained
on the basis of one or more of a combination of a history of
medication use, fasting glucose ≥126 mg/dL, 2 h from a glucose tolerance test (glucose ≥200 mg/dL), or glycated
haemoglobin ≥6.5. Smoking history was obtained from validated questionnaires. A physical activity score (exercise units)
was obtained from the CARDIA physical activity history, a
modiﬁed version of the Minnesota Leisure Time Physical Activity Questionnaire. A score of 100 exercise units is equivalent to 2 to 3 h/week of vigorous activity for 6 months of
the year. High-density lipoprotein cholesterol was quantiﬁed
using enzymatic assays, and low-density lipoprotein cholesterol was derived from the Friedewald equation.

Study design and participant selection
Out of the 3498 participants who attended the CARDIA
Year-25 exam, participants with valvular dysfunction
(n = 32), implausibly high or low energy intake (n = 170)
(<800 or >8000 kcal/day for men, <600 or >6000 kcal/day
for women), missing dietary data or covariates (n = 561) were
excluded from analysis, resulting in an analytic study sample
of 2735 participants. Participants who were excluded were
more likely to be black, men, and smokers, but there was

Echocardiography protocol
Experienced sonographers using a standardized protocol
across all ﬁeld sites, performed an echocardiographic
ESC Heart Failure (2020)
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more positive transmitral Doppler early ﬁlling velocity to tissue Doppler early diastolic mitral annular velocity (E/e´) denotes
worse
diastolic
function.
The
CARDIA
echocardiographic examination showed good reproducibility
proﬁle.15

evaluation using an Artida cardiac ultrasound machine
(Toshiba Medical Systems, Otawara, Japan).12 Quality control
and
image
analysis
were
performed
at
an
echocardiography-reading centre (Johns Hopkins University,
Baltimore, Maryland). Traditional and tissue Doppler measurements were made from digitized images using a standard ofﬂine image analysis software system (Digisonics,
Inc., Houston, Texas). Left ventricular (LV) mass (LVM), left
atrial volume (LAV), and LV ejection fraction (LVEF) were obtained using recommendations from the American Society of
Echocardiography.13 LAV and LVM were indexed to body
surface area were derived from tissue Doppler e´ was obtained from the average of septal and lateral annular velocities. Global longitudinal strain (GLS) was analysed on a
16-segment basis for the LV mid-wall layer performed ofﬂine
using two-dimensional wall motion tracking software
(UltraExtend, version 2.7; Toshiba Medical Systems,
Otawara, Japan). The average frame rate was 46.2 frames
per second with a mean heart rate <70 beats/min.14 A Lagrangian strain was derived from the change in regional
length relative to the length at end-diastole.14,15 Global
strain values were calculated as the average of segmental
peak strains. More GLS values imply better systolic function.
More negative e´ signiﬁes impaired LV relaxation while a

Statistical analysis
Characteristics of the study participants at Year-0, Year-7,
and Year-20 were summarized using mean and standard deviations, and categorical variables were expressed as frequencies and percentages, as appropriate. The goals of the
analysis were to assess the association between consumption of coffee, tea, total caffeine intake, and cardiac echocardiography measures. Accordingly, multivariable linear
regression models using echocardiography measures as the
dependent variable were used to assess associations with
categories of coffee and tea intake. Covariates were derived
from mean values from multiple assessments across cohort
visits. Models were adjusted for age, sex, race, education,
and employment status, smoking history, body mass index,
systolic blood pressure, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, diabetes, physical

Table 1 Population characteristics stratiﬁed by coffee consumption subgroups
Coffee consumption categories
Non-coffee drinkers <1 coffee cup/day 1–2 coffee cups/day 3–4 coffee cups/day >4 coffee cups/day
n = 608
n = 970
n = 532
n = 454
n = 171
Population characteristics
Age, years (Year-0)
Women, %
Caucasian %
Current smokers, %
2
Body mass index (kg/m )
Systolic blood pressure,
(mmHg)
HDL Cholesterol, (mg/dL)
LDL Cholesterol, (mg/dL)
Non-tea drinkers
<1 tea cups/day
1–2 tea cups/day
>2 tea cups/day
Total caffeine intake/day
(mg)
Echocardiography indices
LV Mass (g)
LA volume (mL)
GLS (%)
LVEF (%)
E/e´

24.6 ± 3.7
354 (58.2)
269 (42.2)
71 (11.8)
31.3 ± 7.8
120.1 ± 16.0

24.8 ± 3.6
592 (61)
434 (44.7)
118 (12.4)
30.3 ± 7.3
120.3 ± 16.7

25.8 ± 3.3
300 (56.4)
364 (68.4)
71 (13.5)
28.9 ± 6.5
117.3 ± 15.0

26.2 ± 3.3
249 (54.9)
369 (81.3)
75 (16.7)
29.5 ± 6.6
117.5 ± 15.2

26.6 ± 2.9
76 (44.4)
154 (90.1)
47 (27.8)
29.0 ± 5.9
119.1 ± 15.9

56.0 ± 17.2
110 ± 31.5
168(27.6)
332(54.6)
62(10.2
46(7.6)
57.3 ± 68.4

57.5 ± 16.9
112.5 ± 33.5
138(14.2)
650(67.0)
114(11.8)
68(7.0)
91.6 ± 70.7

59.9 ± 17.7
114.1 ± 31.2
86(16.2)
369(69.4)
51(9.6)
26(4.9)
223.6 ± 76.9

60.4 ± 18.8
113.7 ± 31.6
72(15.9)
282(62.1)
68(15.0)
32(7.1)
418.2 ± 139.0

59.5 ± 21.5
110.4 ± 34.2
35(20.5)
103(60.2)
17(9.9)
16(9.4)
936.6 ± 531.1

174.1 ± 61.4
50.6 ± 16.4
14.7 ± 2.5
61.5 ± 7.1
8.11 ± 2.4

167.8 ± 52.2
50.1 ± 16.1
15.1 ± 2.5
61.9 ± 7.0
7.8 ± 2.3

166.1 ± 50.6
48.6 ± 15.3
15.4 ± 2.3
61.8 ± 6.7
7.5 ± 2.2

163.3 ± 44.2
48.5 ± 13.8
15.4 ± 2.3
62.0 ± 6.7
7.7 ± 2.0

171.0 ± 47.8
49.6 ± 16.0
15.4 ± 2.4
59.9 ± 7.2
7.5 ± 2.1

E/e´, ratio of transmitral inﬂow velocity to early diastolic mitral annular velocity; g, gramme; HDL, high-density lipoprotein; kg,
2
kilogramme; LA, left atrial; LDL, low-density lipoprotein; LVEF, left ventricular ejection fraction; m , metres squared; mg, milligramme;
mL, millilitres; GLS, global longitudinal strain.
Data are expressed as mean ± standard deviation or frequencies (proportion), as appropriate.
Coffee and tea consumption categories represent the mean values from three cohort visits (Year-0, Year-7, and Year-20). Population characteristics are reported for the CARDIA examination Year-25 exam except tea and coffee, which represent the mean from three cohort
visits.
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activity, alcohol intake, and dietary factors (calorie intake,
whole grain intake, reﬁned grain intake, and fruit and vegetable consumption). In a secondary analysis, the relation between daily total caffeine intake (milligrammes) in quintiles
and cardiac structure and function were also assessed and
analysed similarly to the aforementioned regression models.
There were no observed race or sex differences. Variance inﬂation factor was utilized to assess for potential collinearity
of covariates in fully adjusted models. Analyses were performed using SAS software version 9.4 (SAS Institute, Inc.,
NC) and STATA (StataCorp, version 15; StataCorp, College

C.C. Nwabuo et al.

Station, TX). A two-sided P value <0.05 was considered statistically signiﬁcant.

Results
Population characteristics
Table 1 displays the population and echocardiographic characteristics of 2735 study participants stratiﬁed by coffee

Figure 1 Histograms illustrating the distributions of coffee and tea consumption.
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consumption subgroups. Table S1 (Supporting Information)
shows the distribution of clinical characteristics across cohort
visits (Year-0, Year-7, and Year-20). Mean age at an analytical
baseline was 25.2 ± 3.5 years; 57.4% were women, and 58.4%
were Caucasian. Participants who consumed >4 cups/day of
coffee were more likely to be Caucasian and men. A higher
proportion of participants with >4 cups/day of coffee were
also current smokers (27.8%). Figure 1 shows a histogram illustrating the distribution of coffee and tea consumption in
the study sample.

Coffee, tea, caffeine consumption, and cardiac
function
The association between coffee consumption and cardiac
structure and function is shown in Table 2. In adjusted multivariable linear regression models assessing the relationship
between coffee consumption and GLS, beta coefﬁcients
when comparing coffee drinkers of <1, 1–2, 3–4, and >4
cups/day with non-coffee drinkers were β =
0.30%,
P < 0.05; β = 0.35%, P < 0.05; β = 0.32%, P < 0.05;
and β = 0.40%, P > 0.05; respectively (more negative values
implies better systolic function). In adjusted multivariable linear regression models assessing the relationship between
coffee consumption and E/e´, beta coefﬁcients when comparing coffee drinkers of <1, 1–2, 3–4, and >4 cups/day with

5

non-coffee drinkers were β = 0.29, P < 0.05; β = 0.38,
P < 0.01; β = 0.20, P > .05; β = 0.37, P > 0.05, respectively (more negative values implies better diastolic function).
High daily coffee consumption (>4 cups/day) was associated
with worse LVEF β = 1.69, P < 0.05). There were no significant associations between coffee consumption and LVM or
LAV. As shown in Table 3, although tea consumption was related to lower LVM in unadjusted models, in fully adjusted
models accounting for confounding by cardiovascular risk factors, particularly socioeconomic status, there was no relation
between tea consumption and LVM. Tea consumption was
not signiﬁcantly associated with any indices of cardiac structure and function. As shown in Table S2 (Supporting Information), no evidence of an association was observed between
total caffeine intake and measures of cardiac structure and
function.

Discussion
In this large community-based cohort study of young adults
transitioning into middle age, our main ﬁndings were that
low-to-moderate daily coffee consumption was associated
with better subclinical systolic and diastolic function. (lower
LV E/e´ and better LV GLS). Conversely, we observed that a
high daily coffee consumption (>4 cups/day) was associated
with worse LV systolic function (lower LVEF). There were no

Figure 2 Coffee consumption from early adulthood to middle age and cardiac function in midlife. Description: Least squared means plots with 95%
conﬁdence intervals for the showing of the association between coffee consumption in cups/day and global longitudinal strain (GLS) and E/e´. Plots
were derived from multivariable regression models. More negative or lower values of GLS and E/e´ signify better function. Low-to-moderate coffee
consumption was associated with better GLS and E/e´.
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Table 2 Association between coffee consumption and cardiac structure and function
Beta estimate (standard error)
LVMi
Coffee consumption
Non-coffee drinkers
<1 cup/day
1–2 cups/day
3–4 cups/day
>4 cups/day
Coffee consumption
Non-coffee drinkers
<1 cup/day
1–2 cups/day
3–4 cups/day
>4 cups/day
Coffee consumption
Non-coffee drinkers
<1 cup/day
1–2 cups/day
3–4 cups/day
>4 cups/day
Coffee consumption
Non-coffee drinkers
<1 cup/day
1–2 cups/day
3–4 cups/day
>4 cups/day
Coffee consumption
Non-coffee drinkers
<1 cup/day
1–2 cups/day
3–4 cups/day
>4 cups/day

LVMi

2

Univariate (R 0.0016)
Reference
1.19(1.2)
1.19(1.3)
2.53(1.4)
0.39 (2.0)
LAVi
2
Univariate (R 0.0015)
Reference
0.25 (0.4)
0.31 (0.4)
0.44(0.4)
0.31(0.6)
GLS
2
Univariate (R 0.012)
Reference
**
0.38(0.1)
***
0.65 (0.2)
***
0.72 (0.2)
**
0.71 (0.22)
LVEF
2
Univariate (R 0.005)
Reference
0.42(0.4)
0.33(0.4)
0.54(0.4)
1.52(0.6)*
E/e´
2
Univariate (R 0.01)
Reference
**
0.34(0.1)
***
0.64(0.1)
**
0.43(0.1)
**
0.58(0.2)

2

Multivariable (R 0.20)
Reference
0.08(1.1)
0.11(1.3)
1.23(1.3)
0.57(1.9)
LAVi
2
Multivariable (R 0.05)
Reference
0.32(0.4)
0.17(0.4)
0.18(0.5)
0.008(0.6)
GLS
2
Multivariable (R 0.12)
Reference
*
0.30(0.1)
*
0.35(0.1)
*
0.32(0.1)
0.40(0.2)
LVEF
2
Multivariable (R 0.029)
Reference
0.36(0.4)
0.10(0.4)
0.28(0.5)
*
1.69(0.6)
E/e´
2
Multivariable (R 0.15)
Reference
*
0.29(0.1)
**
0.38(0.1)
0.20(0.1)
0.37(0.2)

LV, left ventricular; LVMi, LV mass indexed to body surface area; LAVi, left atrial volume indexed to body surface area; GLS, global longitudinal strain; EF, ejection fraction; E/e´, ratio of peak early diastolic velocity (E) and early peak diastolic mitral annular velocity (e’)
Multivariable linear regression models showing association between coffee consumption and cardiac structure and function. Models were
adjusted for age, sex, race, education, employment status, smoking, body mass index, systolic blood pressure, high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), diabetes, physical activity, alcohol intake, calorie intake, whole grain intake, reﬁned grain intake and fruit and vegetable consumption.
*P < 0.05.
**P < 0.01.
***P < 0.001.

associations between daily tea drinking or total caffeine intake and cardiac structure and function. Our study ﬁndings
remained statistically signiﬁcant even after robust accounting
for confounding by standard cardiovascular risk factors; socioeconomic status; physical activity; alcohol use; and dietary
factors (calorie intake, whole and reﬁned grain intake, and
fruit and vegetable consumption). This is the ﬁrst study to
demonstrate that long-term low-to-moderate coffee consumption was associated with better subclinical cardiac function—an observation that may represent an underlying
pathophysiological pathway for noted associations between
moderate coffee consumption and HF.
Coffee consumption typically in early adulthood. In fact, by
ages 18 to 24 years, one out of two individuals in the USA already consume coffee on a daily basis.1 It is noteworthy that
the CARDIA study recruited participants from age 18 to

30 years, limiting prevalent exposure bias that may occur before the onset of the study.9
Our results are particularly relevant because early adulthood represents a crucial window to mitigate the inﬂuence
of aging-related cardiac risk factors on cardiovascular health
through dietary modiﬁcations, lifestyle changes, or medical
therapy.
Several lines of evidence from observational studies, but
not all, support an inverse association between habitual
coffee and tea consumption and clinical outcomes.5,16–18
Studies comprising of data from predominantly European
cohorts have investigated the association between coffee
consumption and HF. These studies noted a U-shaped association with reduced risk of HF in persons who drink 4 coffee cups/day, but an increased HF risk with consumption of
>10 cups/day.3 Results from these European studies are
ESC Heart Failure (2020)
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Table 3 Association between tea consumption and cardiac structure and function
Beta estimate (standard error)
LVMi
Tea consumption
Non-tea drinkers
<1 cup/day
1–2 cups/day
>2cups/day
Tea consumption
Non-tea drinkers
<1 cup/day
1–2 cups/day
>2cups/day
Tea consumption
Non-tea drinkers
<1 cup/day
1–2 cups/day
>2cups/day
Tea consumption
Non-tea drinkers
<1 cup/day
1–2 cups/day
>2cups/day
Tea consumption
Non-tea drinkers
<1 cup/day
1–2 cups/day
>2cups/day

LVMi

2

Univariate (R 0.008)
Reference
***
4.9(1.1)
**
5.1(1.6)
**
5.4 (1.9)
LAVi
2
Univariate (R 0.003)
Reference
0.06(0.4)
0.60(0.5)
*
1.21(0.6)
GLS
2
Univariate (R 0.0018)
Reference
0.16(0.1)
0.35(0.2)
0.33(0.2)
LVEF
2
Univariate (R 0.0006)
Reference
0.16(0.4)
0.15(0.5)
0.64(0.6)
E/e´
2
Univariate (R 0.001)
Reference
0.09(0.1)
0.25(0.2)
0.04(0.2)

2

Multivariable (R 0.20)
Reference
1.95(1.1)
1.12(1.5)
0.69(1.8)
LAVi
2
Multivariable (R 0.05)
Reference
0.07 (0.37)
0.48(0.5)
1.09(0.6)
GLS
2
Multivariable (R 0.12)
Reference
0.05(0.1)
0.004(0.2)
0.05(0.2)
LVEF
2
Multivariable (R 0.024)
Reference
0.05(0.4)
0.4 (0.5)
0.23(0.6)
E/e´
2
Multivariable (R 0.15)
Reference
0.08(0.1)
0.07(0.2)
0.31(0.19)

LV, left ventricular; LVMi, LV mass indexed to body surface area; LAVi, left atrial volume indexed to body surface area; GLS, global longitudinal strain; LVEF, LV ejection fraction; E/e´, ratio of peak early diastolic velocity (E) and early peak diastolic mitral annular velocity (e´).
Multivariable linear regression models showing the association between tea consumption and cardiac structure and function. Models
were adjusted for age, sex, race, education, employment status, smoking, body mass index, systolic blood pressure, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), diabetes, physical activity, alcohol intake, calorie intake, whole grain
intake, reﬁned grain intake and fruit and vegetable consumption.
*P < 0.05.
**P < 0.01.
***P < 0.001.

similar to ours and should be interpreted in the context
that the size of a standard cup of coffee in the USA is typically about two times larger than the standard serving size
in Europe.19 Our study ﬁndings of neutral or detrimental
associations with LV function among high daily coffee
drinkers reinforce the importance of moderation in coffee
drinking. In the current study, there was no relationship
between coffee consumption and LVM. The reason for this
lack of association is not clear, but it may be reasonable to
theorize that coffee consumption may be closer related to
LV functional rather than structural alterations in early
adulthood. Because of a low response rate, we were unable to reliably assess the independent role of decaffeinated coffee. However, we observed that daily total
caffeine intake (obtained from all dietary sources) was not
associated with LV function. Consistent with this ﬁnding,
in a prior report of 9.2 million adults, it was observed that
accounting for variations in genetic polymorphisms that
also inﬂuence caffeine metabolism, did not modify

mortality risk with coffee consumption.20 Taken together
with our ﬁndings is highlighted. Although we noted a
favourable association between tea drinking and LVM in
unadjusted models, this association was not statistically
signiﬁcant in models that accounted for confounding
factors, particularly socioeconomic status. A majority of
studies accessing the beneﬁts of tea drinking have focused
on green tea consumption. We speculate that this may be
partly related to the observation that black tea (which is
more prevalent in western populations such as ours), contains less chemo-protective agents when compared with
green tea.21

Potential mechanisms
Several explanatory mechanisms that may explain an association between coffee consumption and subclinical cardiac
function exist. From a biological perspective, beyond
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caffeine, coffee contains bioactive substances such as ﬂavonoids, diterpenes, and melanoidins that can modulate antioxidant effects, increase nitric oxide production, and
superoxide free-radicals scavenging.22,23 Experimental studies suggest that ﬂavonoids—present in coffee—modulate
gene expression and signalling pathways such as enhancement and activation of 5-monophosphate-activated protein
kinase, increased toll-like receptor-4 expression, increased
nitrite oxidase synthase, and reduced production of reactive
oxygen species.23 Further potentiation of these
chemo-protective properties can occur when the gut interacts with a colonic microbiome and metabolic conversion
to smaller more potent phenolic substances than their parent compounds occur.24 The molecular attributes of these
cellular proteins and signalling pathways inﬂuence other
downstream pleiotropic effects such as decreased arterial
stiffness,25 reductions in LDL cholesterol,26 lower insulin resistance, improved glycemic control, and a lower risk of
metabolic syndrome and diabetes mellitus.19 Although transient increases in blood pressure following short-term administration of coffee has been noted,27 it has not
translated to a long-term risk for hypertension.28 It is speculated that with long-term coffee consumption, there is a
counterbalancing effect of non-caffeine constituents that
augments an increased tolerance to acute hemodynamic effects of coffee.29

Study strengths and limitations
The clear strengths of this study included recruitment of
participants in early adulthood; inclusion of a biracial cohort
of community-dwelling individuals; estimation of coffee
consumption at multiple time points; comprehensive accounting for confounders such as cardiovascular disease risk
factors; socioeconomic status; physical activity; dietary and
calorie intake; and echocardiographic assessment in a large
community-based sample. Our study observations do not
aim to infer causality. Furthermore, coffee or tea subtypes,
brewing methods, and epigenetic effects were not
assessed. The role of decaffeinated coffee could not be independently assessed in the present study because a low
response rate, but we were able to examine total caffeine
consumptions from all sources and contrast it with the consumption of any coffee subtype. Our cross-sectional analysis did not adjust for echocardiography indicators at study
enrolment. We were also unable to assess differences by
the degree of fermentation during tea processing, which
may play a contributory role. Long-term observational cohort studies such as ours can be susceptible to nonresponse over time; however, the CARDIA study showed
good cohort retention and followed rigorous quality control
protocols.15

C.C. Nwabuo et al.

Conclusions
Our observations in this community-based sample underscore an association between low-to-moderate coffee consumption from early adulthood to middle age and
favourable changes in LV systolic and diastolic function in
midlife. High coffee consumption (>4 cups/day) was however associated with worse LV systolic function. There was
no relation between tea or caffeine intake and cardiac
function.
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CLINICAL PERSPECTIVE
Competency in Medical Knowledge
Low-to-moderate consumption of coffee from early adulthood to midlife was associated with better left ventricular
systolic and diastolic function in middle age, which may partly
underlie observations of a reduced risk of clinical HF. However, long-term excessive coffee consumption is associated
with deleterious effects on cardiac function. The present
study ﬁndings highlight the importance of moderation in coffee drinking in order to reap the cardiovascular beneﬁts and
potentially avoid harm.

Translational Outlook
Additional research is needed to clarify the epigenetic and
contributory
factors
that
may
modulate
the
dose-dependent effects of coffee consumption on the human
heart.
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Table S2. Association between total caffeine intake and cardiac structure and function.
Table S3. Characteristics of included and not included coronary artery risk development in young adults study participants at study enrollment (n = 5115).

Table S1. Population characteristics of study participants
(N = 2735).
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