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Caffeinated Beverage Intake, Dyspnea With 
Ticagrelor, and Cardiovascular Outcomes: 
Insights From the PEGASUS- TIMI 54 Trial
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BACKGROUND: A proposed cause of dyspnea induced by ticagrelor is an increase in adenosine blood levels. Because caffeine 
is an adenosine antagonist, it can potentially improve drug tolerability with regard to dyspnea. Furthermore, association be-
tween caffeine and cardiovascular events is of clinical interest.

METHODS AND RESULTS: This prespecified analysis used data from the PEGASUS TIMI 54 (Prevention of Cardiovascular Events 
in Patients With Prior Heart Attack Using Ticagrelor Compared to Placebo on a Background of Aspirin–Thrombolysis in 
Myocardial Infarction 54) trial, which randomized 21 162 patients with prior myocardial infarction to ticagrelor 60 mg or 90 mg 
or matching placebo (twice daily). Baseline caffeine intake in cups per week was prospectively collected for 9694 patients. 
Outcomes of interest included dyspnea, major adverse cardiovascular events (ie, the composite of cardiovascular death, myo-
cardial infarction, or stroke), and arrhythmias. Dyspnea analyses considered the pooled ticagrelor group, whereas cardiovas-
cular outcome analyses included patients from the 3 randomized arms. After adjustment, caffeine intake, compared with no 
intake, was not associated with lower rates of dyspnea in patients taking ticagrelor (adjusted hazard ratio (HR), 0.91; 95% CI, 
0.76–1.10; P=0.34). There was no excess risk with caffeine for major adverse cardiovascular events (adjusted HR, 0.78; 95% 
CI, 0.63–0.98; P=0.031), sudden cardiac death (adjusted HR, 0.98; 95% CI, 0.57–1.70; P=0.95), or atrial fibrillation (adjusted 
odds ratio, 1.07; 95% CI, 0.56–2.04; P=0.84).

CONCLUSIONS: In patients taking ticagrelor for secondary prevention after myocardial infarction, caffeine intake at baseline was 
not associated with lower rates of dyspnea compared with no intake. Otherwise, caffeine appeared to be safe in this popula-
tion, with no apparent increase in atherothrombotic events or clinically significant arrhythmias.

REGISTRATION: URL: https://www.clini caltr ials.gov; Unique identifier: NCT01225562.

Key Words: arrhythmias ■ caffeine ■ cardiovascular outcomes ■ dyspnea ■ ticagrelor

Ticagrelor is a potent reversible P2Y12 inhibitor that 
reduces ischemic risk in patients with acute cor-
onary syndromes1 and in those who need long- 

term secondary prevention after myocardial infarction 
(MI).2 Dyspnea associated with ticagrelor has been 
described as an adverse event of mild to moderate in-
tensity that is generally self- limited and not associated 

with any adverse cardiovascular or pulmonary im-
pact.3,4 The potential adverse impact of dyspnea, 
however, is that it may affect drug adherence, partic-
ularly when initiated in stable asymptomatic patients.5 
Therefore, strategies to improve drug tolerability and 
reduce discontinuation due to dyspnea may be clin-
ically useful.
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Although it is well documented that dyspnea while 
taking ticagrelor is not associated with disturbed heart 
or lung function, its exact mechanism remains unclear. 
Ticagrelor has been shown to inhibit ENT- 1 (equili-
brative nucleoside transporter 1) in red blood cells 

and thus decrease adenosine reuptake.6,7 Therefore, 
it is hypothesized that higher adenosine exposure 
due to ticagrelor could account for dyspnea and for 
other drug- related adverse events, such as ventricular 
pauses and gout.8 In contrast, other reports have chal-
lenged whether inhibition of adenosine uptake could 
lead to increase in adenosine blood levels of clinical 
relevance.9,10 In the HIGH- TECH (Hunting for the Off-
Target Properties of Ticagrelor on Endothelial Function 
in Humans) trial, investigators did not find increased 
levels of plasma adenosine among patients experienc-
ing dyspnea while on ticagrelor.10 Consequently, other 
pathways involved in dyspnea may exist as alternative 
explanations for this adverse event, for example, a di-
rect effect of ticagrelor on P2Y12 receptors from inhib-
itory neuron fibers that convey dyspnea signaling.11,12

Caffeine and theophylline are adenosine antag-
onists that can block adenosinergic A1A receptors 
involved in the mediation of dyspnea by pulmonary 
C- fibers.13,14 In healthy volunteers, ticagrelor enhanced 
dyspnea intensity during adenosine infusion, an effect 
that was decreased by intravenous theophylline.15 If 
dyspnea induced by ticagrelor is mostly caused by ad-
enosine, then it is plausible that caffeine intake may 
also attenuate the intensity of this adverse event and 
improve drug tolerability.

Because of its stimulant effects, the potential risks 
and benefits of caffeine in high- risk patients with cor-
onary artery disease (CAD) continue to be debated. 
Some reports have raised concerns about higher risk 
of sudden death with coffee intake by individuals with 
prior CAD.16 Conversely, other reports have observed 
an inverse association between coffee intake and car-
diovascular risk.17 To date, there has not been an eval-
uation of caffeinated beverage intake and adjudicated 
cardiovascular outcomes in a large, well- characterized, 
multinational cohort of high- risk patients with prior MI 
receiving current optimal medical therapy.

We sought to investigate 2 hypotheses: (1) that the 
risk of dyspnea with ticagrelor would be affected by 
baseline intake of caffeinated beverages and (2) that 
caffeine intake would not be associated with any ex-
cess risk of major adverse cardiovascular events 
(MACE) or arrhythmias in a high- risk population of pa-
tients with prior MI.

METHODS
Population and Variables Selection
We encourage parties interested in collaboration 
and data sharing to contact the corresponding au-
thor directly for further discussions. The study pro-
tocol and enrollment criteria from PEGASUS TIMI 54 
(Prevention of Cardiovascular Events in Patients With 
Prior Heart Attack Using Ticagrelor Compared to 

CLINICAL PERSPECTIVE

What Is New?
• We observed that caffeine ingestion was not 

associated with lower rates of dyspnea induced 
by ticagrelor.

• Even in patients at high risk following myocar-
dial infarction, such as those included in the 
PEGASUS TIMI 54 (Prevention of Cardiovascular 
Events in Patients With Prior Heart Attack 
Using Ticagrelor Compared to Placebo on 
a Background of Aspirin–Thrombolysis in 
Myocardial Infarction 54) trial, no increased risk 
of recurrent myocardial infarction, stroke, sud-
den cardiac death, major adverse limb events, 
or clinically meaningful arrhythmias was appar-
ent with caffeine.

What Are the Clinical Implications?
• Despite the possible link between adenosine 

and dyspnea on ticagrelor, our data do not sup-
port a recommendation of drinking caffeine to 
alleviate this adverse reaction.

• High-risk patients with prior myocardial infarc-
tion, including those with polyvascular disease 
who chose to take caffeine, do not appear to be 
at heightened risk of cardiovascular events.

• Although several studies, including this one, ob-
served an inverse association between caffeine 
and cardiovascular risk, these observations 
should be viewed as hypothesis generating; 
randomized trials would be necessary to con-
firm a benefit.

Nonstandard Abbreviations and Acronyms

CAD coronary artery disease
ENT-1 equilibrative nucleoside transporter 1
HR hazard ratio
MI myocardial infarction
MACE major adverse cardiovascular events
MALE major adverse limb events
PEGASUS  Prevention of Cardiovascular Events 

in Patients With Prior Heart Attack 
Using Ticagrelor Compared to 
Placebo on a Background of Aspirin

TIMI Thrombolysis in Myocardial Infarction
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Placebo on a Background of Aspirin–Thrombolysis in 
Myocardial Infarction 54) have been published previ-
ously.18 Briefly, 21 162 patients with prior MI between 
1 and 3  years (median: 1.7  years) after the index 
event were randomized to double- blinded ticagrelor 
(60 or 90  mg twice daily) or matching placebo. To 
be included, patients had to have at least 1 addi-
tional high- risk feature: age ≥65 years, >1 MI beyond 
the index event, diabetes mellitus, chronic kidney 
disease with creatinine clearance <60  mL/min, or 
multivessel CAD at baseline. The intention- to- treat 
database comprised all randomized patients. The 
trial safety database, which comprised 20  942 pa-
tients, included any patient who took at least 1 dose 
of the study drug.

While the trial was still recruiting new participants, 
data supporting a possible relationship between ad-
enosine and dyspnea due to ticagrelor and the po-
tential inhibitory effect of caffeine were described.15 
Based on this new information, a hypothesis that 
caffeine intake at randomization would be associ-
ated with the risk of dyspnea with ticagrelor was pre-
specified. At that time, study sites were instructed to 
prospectively collect information regarding caffeine 
consumption at the baseline visit through a dedi-
cated page in the study case report form. This in-
formation was collected prospectively as ingestion 
of any caffeinated beverage (including coffee, tea, 
and soda drinks) in cups per week. Therefore, the 
present analysis included 9694 of 21 162 random-
ized participants for whom baseline caffeine intake 
was collected. Analyses of dyspnea included pa-
tients from the safety database, and cardiovascular 
outcomes were analyzed from the intention- to- treat 
database.

The primary analysis for this article was the inci-
dence of dyspnea among patients assigned to tica-
grelor during the trial, with additional analyses for 
drug discontinuation due to dyspnea and for dyspnea 
according to different intensities. Dyspnea was re-
ported by study sites using standard safety reporting 
processes, with dyspnea intensity reported as mild, 
moderate, or severe, according to the site investiga-
tor’s assessment. As has been reported previously, 
dyspnea was considered to have led to drug discon-
tinuation when it was the main cause of study drug 
withdrawal, and this definition excluded discontinua-
tion in the setting of an efficacy event.5

The cardiovascular outcome analyses considered 
MACE (the composite of cardiovascular death, MI, 
or stroke) and its individual components, all- cause 
mortality, death due to CAD, sudden cardiac death, 
clinically relevant arrhythmias, major bleeding as 
defined by Thrombolysis in Myocardial Infarction 
(TIMI), and major adverse limb events (MALE). All 
deaths, bleeding, and cardiovascular events, except 

arrhythmias and MALE, were independently adjudi-
cated by a clinical events committee whose mem-
bers were unaware of study drug assignment but not 
necessarily blinded to information regarding caffeine 
intake. Arrhythmias were site- reported using stan-
dard safety reporting. Event terms were searched for 
arrhythmias of special interest including atrial fibril-
lation or flutter, ventricular tachycardia or fibrillation, 
and other tachyarrhythmias. Narratives from the se-
rious adverse events were reviewed independently 
by 2 authors (R.H.M.F., M.P.B.) to ascertain whether 
arrhythmias consistent with one of those categories 
were present, with disagreements resolved by con-
sensus. MALE, the composite of acute limb ischemia 
or peripheral revascularization for ischemia, were 
prospectively collected and blindly reviewed, as de-
fined previously.19

Statistical Analysis
Continuous variables are presented as medians with 
interquartile ranges and were compared with the 
Mann–Whitney test. Categorical variables are pre-
sented as absolute counts and percentages and were 
compared using the χ2 test.

The primary population of interest for dyspnea 
outcomes comprised patients in the pooled ticagre-
lor group from the safety database, with additional 
sensitivity analyses done separately for the 60-  and 
90- mg dosing and placebo groups. For cardiovas-
cular outcomes and arrhythmias, we considered 
patients from the intention- to- treat database. Our 
primary analysis compared patients who did not 
drink any caffeinated beverage with those who drank 
any amount. Additional analyses were done accord-
ing to quantitative intake considering quartiles of 
caffeine ingestion. Cox proportional hazard models 
were used to model the association between this bi-
nary caffeine variable and the following outcomes: 
dyspnea, MACE, MI, stroke, sudden cardiac death, 
death due to coronary heart disease, cardiovascular 
death, TIMI major bleeding, and MALE. Logistic re-
gression was used for the end points of atrial fibrilla-
tion or flutter and any tachyarrhythmia.

Adjustment for confounders was performed using 
multivariable Cox or logistic regression models that 
controlled for all variables with a standardized mean 
difference between caffeine drinkers and nondrinkers 
of >5%. The final model was then adjusted for age, 
sex, race, body mass index, hypercholesterolemia, 
heart failure, diabetes mellitus, presence of multivessel 
CAD, history of percutaneous coronary intervention, 
type of qualifying MI (ST- segment–elevation myocar-
dial infarction versus non–ST- segment–elevation myo-
cardial infarction), glomerular filtration rate <60 mL/min 
per 1.73 m2, smoking, region of the world, and use of 
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angiotensin- converting enzyme inhibitors or angioten-
sin receptor blockers at baseline.

All tests were 2- tailed, and no adjustment was made 
for multiplicity. P<0.05 was considered statistically sig-
nificant. SAS software v9.4 (SAS Institute) and R v3.5.3 
(R Foundation for Statistical Computing) were used for 
the statistical analyses.

Compliance With Ethical Standards
This trial conformed to the recommendations of 
the Helsinki Declaration and Good Clinical Practice 
norms on medical research in humans. The study 
protocol was approved by all institutional review 
boards of participating sites before starting enroll-
ment. All patients signed an informed consent form 
before participation.

Role of the Funding Source
The PEGASUS TIMI 54 trial received grant funding 
from AstraZeneca. The current analyses received no 

sources of external funding. The TIMI Study Group 
has an independent copy of the trial databases. The 
authors wrote all drafts of the article and take full 
responsibility for its content integrity and data analy-
sis. The corresponding author had full access to 
the data and had final responsibility to submit it for 
publication.

RESULTS
Descriptive Statistics: Baseline Caffeine 
Intake
A total of 9694 participants were included in this analy-
sis, of whom 9568 form the safety database. Median 
caffeinated beverage intake was 10 cups per week 
(interquartile range: 4–21). A total of 8406 patients re-
ported drinking at least 1 cup of caffeinated beverage 
per week, whereas 1288 patients drank no caffeine. 
Caffeine intake was significantly associated with re-
gion of the world, with the highest in western Europe 

Figure 1. Median caffeinated beverages consumption in cups per week according to regions of 
the world. 
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and the lowest in Asia (Table S1 and Figure  1). The 
countries with highest caffeine intake were Turkey, the 
Netherlands, and the United Kingdom, and those with 
the lowest intake were China, Peru, and Spain (Table 
S2).

Predictors of Caffeinated Beverage Intake
Table  1 shows baseline characteristics by caffeine 
consumption (caffeine drinkers versus nondrinkers). 
Among other differences, patients who drank caf-
feine at baseline were younger and more often male 
and white and had higher body mass index and 
higher prevalence of hypercholesterolemia, smok-
ing, multivessel CAD, and heart failure but lower 
prevalence of diabetes mellitus. Table S3 shows 
the same characteristics considering the safety 
population.

Risk of Dyspnea With Ticagrelor
The risk of dyspnea due to ticagrelor has been de-
scribed previously.5 There was a significant increase 
in dyspnea compared with placebo use with both tica-
grelor doses. This increase was consistent for the in-
cidence of any dyspnea throughout trial follow- up and 
for dyspnea leading to drug discontinuation (Figure 2). 
Rates of dyspnea reporting had wide variability among 
regions of the world, with western Europe and North 
America being more likely to report dyspnea than South 
America, eastern Europe, and Asia/Pacific (Table S4).

Relationship Between Caffeine Intake and 
Dyspnea in Patients Taking Ticagrelor
At univariate analysis, in the pooled ticagrelor group, 
caffeine drinkers had similar rates of dyspnea com-
pared with nondrinkers and numerically lower rates 

Table 1. Baseline Characteristics According to Baseline Caffeine Intake (Intention- to- Treat Database, N=9694)

No Caffeine (n=1288) Any Caffeine (n=8406) P Value

Age, y 66 (59–72) 65 (58–71) <0.001

Female sex 362 (28.1) 1872 (22.3) <0.001

White race 939 (72.9) 7259 (86.4) <0.001

BMI, kg/m2 27.3 (24.5–30.5) 27.8 (25.1–31.1) <0.001

Hypertension 994 (77.2) 6532 (77.7) 0.70

Hypercholesterolemia 815 (63.3) 6616 (78.7) <0.001

Current smoker 148 (11.5) 1521 (18.1) <0.001

Diabetes mellitus 470 (36.5) 2583 (30.7) <0.001

Prior HF 205 (15.9) 1570 (18.7) 0.019

Multivessel CAD 766 (59.6) 5297 (63.0) 0.019

History of PCI 1026 (79.7) 7140 (84.9) <0.001

>1 prior MI 196 (15.2) 1368 (16.3) 0.36

PAD 59 (4.6) 451 (5.4) 0.27

Years since qualifying MI 1.65 (1.19–2.25) 1.58 (1.17–2.23) 0.087

STEMI as qualifying MI 704 (54.8) 4560 (54.3) 0.79

Aspirin 1286 (99.8) 8397 (99.9) 0.97

Statin 1184 (91.9) 7833 (93.2) 0.11

β- Blocker 1053 (81.8) 6939 (82.5) 0.51

ACEI or ARB 999 (77.6) 6784 (80.7) 0.009

eGFR <60 mL/min/1.73 m2 (MDRD) 303 (24.2) 1779 (21.4) 0.027

COPD 78 (6.1) 606 (7.2) 0.15

Asthma 49 (3.8) 308 (3.7) 0.86

Region <0.001

Asia/Pacific 295 (22.9) 886 (10.5)

Eastern Europe 248 (19.3) 2245 (26.7)

North America 200 (15.5) 1858 (22.1)

South America 247 (19.2) 1043 (12.4)

Western Europe 298 (23.1) 2374 (28.2)

Values are median (interquartile range) or n (%) unless otherwise specified. ACEI indicates angiotensin- converting enzyme inhibitor; ARB, angiotensin 
receptor blocker; BMI indicates body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular 
filtration rate; HF, heart failure; MDRD, Modification of Diet in Renal Disease; MI, myocardial infarction; PAD, peripheral artery disease; PCI, percutaneous 
coronary intervention; and STEMI, ST- segment–elevation myocardial infarction.
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of drug discontinuation due to dyspnea. After adjust-
ment, caffeine intake was not associated with lower 
rates of overall dyspnea (adjusted hazard ratio [HR], 
0.91; 95% CI, 0.76–1.10; P=0.34). Similarly, there 
was no association with lower rates of mild dysp-
nea (adjusted HR, 0.97; 95% CI, 0.76–1.24; P=0.78; 
Table 2). Although there was a significant associa-
tion between drinking caffeine and lower rates of 
drug discontinuation due to dyspnea (adjusted HR, 
0.72; 95% CI, 0.53–0.98; P=0.035), there was no 
significant association with lower rates of moder-
ate dyspnea (adjusted HR, 0.84; 95% CI, 0.63–1.14; 
P=0.27) or moderate to severe dyspnea (adjusted 
HR, 0.82; 95% CI, 0.62–1.08; P=0.16; Table 2 and 
Figure 3). Table S5 shows the same results for each 
separate ticagrelor dose and for the placebo group. 
Table S6 shows those results stratified by regions of 
higher versus lower caffeine intake.

Caffeine Intake and Cardiovascular 
Events
In the overall trial population, caffeine intake was in-
dependently associated with a lower incidence of the 
composite of cardiovascular death, MI, or stroke and 
with a lower risk of recurrent myocardial infarction com-
pared with not drinking caffeine (Figure 4). Moreover, 
there was no significant association of drinking caffeine 
with the incidence of any tachyarrhythmia, atrial fibril-
lation or flutter, or sudden cardiac death (Figure 5 and 
Table 3). Although there was a significant association 
with lower rates of MACE and recurrent MI, there was 
no significant association between drinking caffeine 
and lower rates of TIMI major bleeding. In addition, 
there appeared to be an association between drinking 
caffeine and numerically lower rates of MALE; how-
ever, the numbers did not reach statistical significance, 

Figure 2. Proportion of patients with dyspnea according to randomized groups. 
P values are shown for comparison of proportions across the 3 groups for each adverse event.

Table 2. Association Between Caffeine Intake at Baseline and Dyspnea Adverse Events in Patients Taking Ticagrelor, 
Pooled Dose Groups (n=6363)

No Caffeine Intake (n=830), 
n (%)

Any Caffeine Intake (n=5533), 
n (%) Adjusted HR (95% CI) P Value

Any dyspnea 131 (15.8) 874 (15.8) 0.91 (0.76–1.10) 0.34

Mild dyspnea 77 (9.3) 545 (9.8) 0.97 (0.76–1.24) 0.78

Moderate dyspnea 52 (6.3) 328 (5.9) 0.84 (0.63–1.14) 0.27

Severe dyspnea 9 (1.1) 55 (1.0) 0.85 (0.41–1.74) 0.65

Moderate or severe dyspnea 60 (7.2) 367 (6.6) 0.82 (0.62–1.08) 0.16

Dyspnea leading to drug 
discontinuation

54 (6.5) 288 (5.2) 0.72 (0.53–0.98) 0.035

Adjusted for age, sex, race, body mass index, hypercholesterolemia, heart failure, diabetes mellitus, presence of multivessel coronary artery disease, history 
of percutaneous coronary intervention, type of qualifying myocardial infarction (ST- segment–elevation myocardial infarction vs non–ST- segment–elevation 
myocardial infarction), glomerular filtration rate <60 mL/min/1.73 m2, smoking, region of the world, and use of angiotensin- converting enzyme inhibitors or 
angiotensin receptor blockers at baseline. HR indicates hazard ratio.
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probably because of smaller numbers of events than 
MACE (Table 3).

Quantitative Caffeine Intake
The risk of dyspnea with both ticagrelor doses (60 and 
90 mg) compared with placebo were analyzed accord-
ing to strata of caffeine intake (by quartiles). Overall, 
there did not appear to be any effect modification 
with caffeine intake on the risk of dyspnea with either 
dose of ticagrelor (Figure 6). Moreover, when analyses 
for dyspnea and cardiovascular outcomes were per-
formed according to quartiles of caffeine intake, results 
were consistent with the main analysis comparing any 
versus no intake (Table S7).

DISCUSSION
The current study describes important findings. First, 
caffeinated beverages are routinely ingested by high- 
risk patients with prior MI, but this habit is highly 
correlated with region and comorbidities. Second, 
compared with no caffeine intake, caffeine intake 
was not associated with lower rates of dyspnea in 
patients with prior MI taking ticagrelor for second-
ary prevention, and the increase in dyspnea with 
ticagrelor versus placebo, at both doses, was not 

modified by baseline caffeine intake Third, caffeine 
does not appear to be associated with higher risk of 
ischemic cardiovascular events or clinically important 
arrythmias in patients with previous MI and high- risk 
features.

Overall, we found that the majority of patients 
(>75%) in the almost 10  000- patient cohort con-
sumed at least 1 cup of caffeinated beverage per 
week. We observed important regional variation, 
and the overall patterns matched those described in 
other studies.20,21 Moreover, similar to prior reports, 
caffeine intake was associated with smoking and 
obesity.17

When ticagrelor first became available, dyspnea 
was a troubling side effect. Even though it was shown 
to be benign, it may prompt patients to stop treatment 
prematurely. Adenosine exposure has been postu-
lated as a possible cause of this dyspnea, and tica-
grelor has been shown to reduce adenosine uptake 
by red blood cells and to increase plasma concen-
trations.6 However, mechanistic studies linking this 
increase in adenosine to dyspnea have shown con-
flicting results. In a study with healthy volunteers, van 
den Berg et al22 could not find any increase in ex vivo 
adenosine reuptake at relevant plasma concentra-
tions of ticagrelor. In addition, the STEEL- PCI (Study 
of Two Doses of Ticagrelor in Percutaneous Coronary 

Figure 3. Association between dyspnea and baseline caffeine intake in the pooled ticagrelor group (n=6363). 
Adjusted for age, sex, race, body mass index, hypercholesterolemia, heart failure, diabetes mellitus, presence of multivessel coronary 
artery disease history of percutaneous coronary intervention, type of qualifying myocardial infarction (ST- segment–elevation 
myocardial infarction vs non–ST- segment–elevation myocardial infarction), glomerular filtration rate <60 mL/min per 1.73 m2, smoking, 
region of the world, and use of angiotensin- converting enzyme inhibitors or angiotensin receptor blockers at baseline. Adj HR indicates 
adjusted hazard ratio.
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Intervention) study did not detect any effect of ticagre-
lor 60 or 90 mg on adenosine uptake in patients with 
stable CAD, raising the question of whether therapeu-
tic concentrations of ticagrelor are sufficient to affect 
adenosine metabolism to a clinically relevant extent.9 
Finally, the HI- TECH study aimed to analyze possible 
pleiotropic effects from ticagrelor in a population with 
acute coronary syndromes. The investigators could 
not find any association between dyspnea with tica-
grelor use and adenosine plasma levels; however, 
ticagrelor plasma concentrations were significantly 
higher in those patients experiencing dyspnea.10 
These findings suggest that adenosine exposure 
does not account for most dyspnea induced by tica-
grelor and raise the possibility of other explanations 
for this adverse reaction, for example, a direct P2Y12 
inhibitory effect on the central nervous system.11

In our study, caffeine intake was not associated with 
lower rates of dyspnea on ticagrelor, but surprisingly, 
there appeared to be an association with lower rates 
of drug discontinuation due to dyspnea. If adenosine 
were the predominant pathway involved in ticagrelor- 
induced dyspnea, then we would expect to observe 
consistently lower rates of overall dyspnea among caf-
feine drinkers and not only an effect on the decision 
to stop the drug prematurely. Together with the fact 

that severe and moderate dyspnea intensities were 
not lower with caffeine, this may suggest that lower 
rates of drug discontinuation due to dyspnea could be 
explained by play of chance, bias (eg, knowing that 
caffeine could potentially reduce dyspnea could have 
made the study investigators stop the study drug less 
frequently among caffeine drinkers), or other unknown 
uncontrolled confounder. The null association between 
caffeine drinking and dyspnea while taking ticagrelor 
in our study is in accordance with the results from the 
HI- TECH study and reinforces that other alternative ex-
planations may exist for dyspnea induced by ticagrelor 
besides increase in adenosine exposure.10,11

Other reports have described improvements in dys-
pnea with ticagrelor when intravenous theophylline or ami-
nophylline was used,15,23 although one was a single case 
report and the other evaluated dyspnea induced during 
adenosine infusion (and not necessarily caused only by 
ticagrelor). That caffeine could achieve the same effect is 
plausible, considering that, like theophylline derivatives, 
caffeine blocks adenosine- mediated effects.14 This hy-
pothesis was of sufficient importance to drive a random-
ized trial that would rigorously investigate the impact of 
caffeine on dyspnea related to ticagrelor.24 Unfortunately, 
the trial enrolled only 23 patients out of a calculated sam-
ple size of 416. However, none of the randomized patients 

Figure 4. Association between major adverse cardiovascular events (MACE) and its components and baseline caffeine 
intake in the overall population (N=9694). 
MACE was defined as the composite of cardiovascular (CV) death, myocardial infarction, or stroke. Adjusted for age, sex, race, 
body mass index, hypercholesterolemia, heart failure, diabetes mellitus, presence of multivessel coronary artery disease, history of 
percutaneous coronary intervention, type of qualifying myocardial infarction (ST- segment–elevation myocardial infarction vs non–ST- 
segment–elevation myocardial infarction), glomerular filtration rate <60 mL/min per 1.73 m2, smoking, region of the world, and use of 
angiotensin- converting enzyme inhibitors or angiotensin receptor blockers at baseline. Adj HR indicates adjusted hazard ratio.
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benefited from the administration of caffeine 200  mg 
twice a day (a higher amount than is usually found in a sin-
gle cup of coffee, which is 60–90 mg), and the results of a 

preliminary questionnaire survey among 180 patients with 
ticagrelor- induced dyspnea revealed that caffeine failed to 
improve dyspnea in 153 of 173 patients who responded.25

Figure 5. Association between clinically meaningful arrhythmias (reported as serious adverse events) and baseline caffeine 
intake in the overall population (N=9694).
Adjusted for age, sex, race, body mass index, hypercholesterolemia, heart failure, diabetes mellitus, presence of multivessel coronary 
artery disease, history of percutaneous coronary intervention, type of qualifying myocardial infarction (ST- segment–elevation 
myocardial infarction vs non–ST- segment–elevation myocardial infarction), glomerular filtration rate <60 mL/min per 1.73 m2, smoking, 
region of the world, and use of angiotensin- converting enzyme inhibitors or angiotensin receptor blockers at baseline. Adj HR indicates 
adjusted hazard ratio; and OR, odds ratio.

Table 3. Association Between Caffeine Intake at Baseline and Cardiovascular Outcomes (N=9694)

No Caffeine Intake (n=1288, 
n (%)

Any Caffeine Intake (n=8406), 
n (%) Adjusted HR* (95% CI) P Value

Cardiovascular death, MI, or 
stroke

104 (8.07) 506 (6.02) 0.78 (0.63–0.98) 0.031

Cardiovascular death 43 (3.34) 159 (1.89) 0.74 (0.52–1.05) 0.095

MI 64 (4.97) 309 (3.68) 0.70 (0.53–0.93) 0.013

Stroke 15 (1.16) 89 (1.06) 1.08 (0.61–1.93) 0.79

All- cause death 58 (4.50) 262 (3.12) 0.84 (0.63–1.13) 0.26

CHD death 25 (1.94) 98 (1.17) 0.84 (0.52–1.34) 0.46

Sudden cardiac death 17 (1.32) 81 (0.96) 0.98 (0.57–1.70) 0.95

Any tachyarrhythmia 15 (1.16) 122 (1.45) 1.16 (0.66–2.05) 0.61

Atrial fibrillation/flutter 12 (0.93) 84 (1.00) 1.07 (0.56–2.04) 0.84

Noncardiovascular death 15 (0.99) 102 (0.96) 1.11 (0.64–1.93) 0.72

MALE 6 (0.39) 36 (0.41) 0.66 (0.28–1.59) 0.36

TIMI major bleeding 11 (0.92) 101 (1.35) 1.46 (0.77–2.76) 0.25

Adjusted for age, sex, race, body mass index, hypercholesterolemia, heart failure, diabetes mellitus, presence of multivessel coronary artery disease, history 
of percutaneous coronary intervention, type of qualifying myocardial infarction (ST- segment–elevation myocardial infarction vs non–ST- segment–elevation 
myocardial infarction), glomerular filtration rate <60 mL/min/1.73 m2, smoking, region of the world, and use of angiotensin- converting enzyme inhibitors or 
angiotensin receptor blockers at baseline. CHD indicates coronary heart disease; HR, hazard ratio; MALE, major limb adverse events (the composite of acute 
limb ischemia or peripheral revascularization for ischemia); MI, myocardial infarction; and TIMI, Thrombolysis in Myocardial Infarction.

*For the end points atrial fibrillation/flutter and any tachyarrhythmia, odds ratios are reported with corresponding 95% CI.
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This current analysis in almost 10  000 high- risk 
patients with prior MI did not find any association be-
tween caffeinated beverage intake and higher rates 
of cardiovascular events. Other studies in patients 
with prior MI have similarly found no suggestion of 
harm from coffee or other caffeine sources when 
prospective cohort reports were considered; how-
ever, many of these studies were limited to a single 
country, were not representative of modern medical 
therapy, or had lower risk cohorts.17,26–28 Our find-
ings of lower rates of MACE are reassuring because 
they likely exclude an excess risk of cardiovascular 
atherothrombotic events with the ingestion of caf-
feine, even considering a population with prior MI 
and high- risk features such as those patients en-
rolled in the PEGASUS TIMI 54 trial. If one considers 
the upper boundary of the 95% CI for the adjusted 
HR for MACE with caffeine in our study, a 30% in-
crease in the relative risk can be ruled out. This 
margin of noninferiority is in accordance with what 
has been used in trials with antidiabetic drugs.29 
The limb outcomes, although not significantly lower, 
were directionally consistent with overall MACE and 
MI reductions. In addition, drinking caffeine was as-
sociated with numerically higher rates of TIMI major 
bleeding. Caffeine is known to decrease platelet 
aggregation by upregulation of the adenosine A2 
receptor on platelets, so those observations could 
have biological plausibility.30 This hypothesis should 
be investigated in future randomized event- driven 
studies.

We did not find any association between caffeine 
consumption and clinically relevant arrhythmias. 
Regarding atrial fibrillation, such concerns have been 
raised in the past,31 although more recent reports have 
been reassuring.32 However, no data specifically in 
the particular group of patients with prior MI has been 
published to date. Regarding potentially fatal arrhyth-
mias, extremely high doses of intravenous caffeine can 
provoke malignant ventricular arrhythmias in experi-
mental models,33 and high coffee intake has been as-
sociated with sudden cardiac death in prior reports.16 
In our data, incidence of sudden cardiac death was 
not higher with caffeine. Despite the apparent absence 
of higher risk of arrhythmias with caffeine intake in our 
study, given the small number of events and the wide 
CIs (for which the upper boundary of the CI for the ad-
justed HR does not exclude an acceptable risk of 1.3), 
we cannot completely rule out such a risk. Moreover, 
we cannot exclude the possibility that drinks with high 
caffeine concentrations are harmful to patients with 
CAD because we have not specifically addressed this 
type of beverage.

Study Limitations
This study has several important limitations. First, 
caffeine intake was recorded only at baseline, so it is 
possible that caffeine ingestion could have changed 
during trial follow- up. Second, we could not ascertain 
caffeine intake from all patients from the trial because 
this hypothesis was raised after enrollment started. 
Nevertheless, baseline clinical characteristics were 

Figure 6. Hazards for dyspnea with ticagrelor vs placebo stratified by quartiles of caffeine intake.
HR indicates hazard ratio; and Q, quartile.
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well matched between those from the main trial pop-
ulation and the almost 10  000 patients included in 
this analysis.2 Nevertheless, it is not known whether 
the implementation of this substudy while the trial 
was ongoing could have influenced our results. For 
example, knowing the hypothesis that caffeine intake 
could mitigate dyspnea induced by ticagrelor may 
have influenced site investigators to stop the study 
drug less commonly among caffeine drinkers than 
among nondrinkers, thus explaining a spurious as-
sociation between caffeine drinking and lower rates 
of drug discontinuation due to dyspnea but without 
any association between drinking caffeine and over-
all dyspnea rates. Third, we did not collect detailed 
information regarding each type of caffeinated bev-
erage. It is well known that the concentrations of 
caffeine, as well as roasting properties and other 
characteristics, differ substantially among different 
beverages, so we cannot be sure that our results 
would be applicable to different sources of caffeine. 
Fourth, dyspnea was investigator- reported and not 
centrally adjudicated, and sites were not required to 
perform extensive diagnostic workup to rule out other 
potential causes. Finally, even with adjusted models, 
the findings should be viewed as only hypothesis- 
generating given the nonrandomized design of the 
analysis and the lack of adjustment for multiplicity. 
Especially regarding the lower rates of MACE with 
caffeine, future randomized studies should clarify 
this question because in an observational study, un-
controlled unknown confounders may explain most 
of the association.

CONCLUSIONS
In high- risk patients with prior MI taking ticagrelor for 
secondary prevention, intake of caffeinated beverages 
at baseline compared with no intake was not asso-
ciated with lower rates of dyspnea due to ticagrelor. 
Caffeine consumption in the range occurring in this co-
hort appeared to be safe, with no excess of ischemic 
cardiovascular events, arrhythmias, or sudden cardiac 
death. These findings do not support a recommenda-
tion of drinking caffeine to improve drug tolerability re-
lated to dyspnea, and they challenge the hypothesis 
that dyspnea induced by ticagrelor is mediated mainly 
by adenosine.
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Table S1. Caffeine consumption in cups per week according to regions of the 

world. 

Region Count (%)  Median intake 

(IQR) 

Asia/Pacific 1,181 (12.2) 7 (1 to 21) 

Eastern Europe 2,493 (25.7) 7 (5 to 14) 

North America 2,058 (21.2) 12 (6 to 21) 

South America 1,290 (13.3)  7 (2 to 14)  

Western Europe 2,672 (27.6) 20 (7 to 30)  

Overall  9,694 (100)  10 (4 to 21)  

 

 

 

 

 

 

 

 

 



Table S2. Caffeine consumption in cups per week according to participating 

countries. 

Country Count (%)  Median intake 

(IQR) 

Argentina  251 (2.6) 5 (0 to 7)  

Australia  94 (1.0)  20 (10 to 28) 

Belgium 249 (2.6) 21 (14 to 35) 

Brazil 481 (5.0) 10 (7 to 15)  

Bulgaria 221 (2.3)  5 (2 to 7)  

Canada 761 (7.9) 14 (7 to 21) 

Chile 167 (1.7)  5 (2 to 12) 

China  283 (2.9)  0 

Colombia 268 (2.8)  7 (3 to 14) 

Czech Republic  323 (3.3)  7 (3.5 to 14)  

France 152 (1.6) 12 (5.75 to 14.25)  

Germany 435 (4.5) 15 (7 to 28)  

Hungary 283 (2.9)  7 (3 to 14)  

Italy  195 (2.0)  7 (5 to 14)  



Japan 544 (5.6)  17.5 (7 to 28)  

Netherlands  717 (7.4)  31 (21 to 42) 

Norway 50 (0.5)  24 (14 to 35) 

Peru 123 (1.3)  1 (0 to 3)  

Philippines 164 (1.7)  3 (1 to 7)  

Poland 563 (5.8)  14 (7 to 21) 

Romania 217 (2.2)  5 (1 to 7) 

Russian Federation 372 (3.8)  14 (7 to 21) 

Slovakia 145 (1.5)  7 (3 to 7) 

South Africa 188 (1.9)  14 (7 to 22) 

South Korea  96 (1.0)  3 (1 to 7) 

Spain 335 (3.5)   0 (0 to 4.5) 

Sweden  141 (1.4)  15 (9.25 to 25) 

Turkey 111 (1.1)  40 (21 to 49) 

Ukraine  258 (2.7)  7 (5 to 14) 

United Kingdom 210 (2.2)  30 (21 to 42) 

United States  1,297 (13.4)  7 (4 to 16)  

OVERALL 9,694 10 (4 to 21)  

 



Table S3. Baseline characteristics according to baseline caffeine intake (safety 

database, n = 9,568). 

 No caffeine (n = 

1,253)  

Caffeine  (n = 

8,315)  

P-value  

Age in years 66 (59 to 72)  65 (58 to 71)  < 0.001  

Female sex 351 (28.0%)  1,847 (22.2%) < 0.001 

White race 914 (72.9%)  7,184 (86.4%) < 0.001 

BMI in kg/m2 27.3 (24.5 to 30.5) 27.8  (25.1 to  31.1)  < 0.001 

Hypertension 967 (77.2%)  6,455 (77.6%) 0.75 

Hypercholesterolemia 793 (63.3%)  6546 (78.7) < 0.001  

Current smoker  144 (11.5%) 1,503 (18.1%) < 0.001 

Diabetes mellitus  459 (36.6%) 2,550 (30.7) < 0.001 

Prior HF 205 (16.4%) 1558 (18.7%)  0.047 

Multi-vessel CAD  742 (59.2%) 5,243 (63.1%) 0.010  

History of PCI  995 (79.4%) 7,058 (84.9%) < 0.001   

> 1 prior MI  192 (15.3%) 1,350 (16.2%) 0.44 

PAD  57 ( 4.5%) 446 (5.4%) 0.26 

Years since qualifying MI 1.65 (1.20 to 2.25) 1.58 (1.17 to 2.23) 0.060 



STEMI as qualifying MI  686 (54.8%) 4,513 (54.4%) 0.80 

Aspirin 1,252 (99.9%)  8,306 (99.9%) 1.00 

Statin  1,151 (91.9%) 7,757 (93.3%) 0.072 

Beta-blocker  1,023 (81.6%) 6,866 (82.6%) 0.44 

ACE inhibitor or ARB  971 (77.5%) 6,714 (80.7%) 0.008  

eGFR < 60 ml/min/1.73 

m2 (MDRD) 

295 (24.0%) 1,755 (21.3%) 0.033 

COPD    75 ( 6.0%) 591 ( 7.1%) 0.16 

Asthma  46 ( 3.7%) 302 ( 3.6%) 1.00 

Region  < 0.001 

Asia/Pacific  287 (22.9%) 875 (10.5%)  

Eastern Europe  245 (19.6%) 2,228 (26.8%)  

North America  197 (15.7%) 1,836 (22.1%)  

South America  245 (19.6%) 1,036 (12.5%)  

Western Europe  279 (22.3%) 2,340 (28.1%)  

Values are median (IQR) or n(%) unless otherwise specified; BMI = body mass index; CAD = 

coronary artery disease; COPD = chronic obstructive pulmonary disease; eGFR = estimated 

glomerular filtration rate; ITT = intention-to-treat;  MI = myocardial infarction; PAD = 

peripheral artery disease; PCI = percutaneous coronary intervention; STEMI = ST-elevation 

myocardial infarction 



Table S4. Adverse event reporting according to different regions of the world.  

 Eastern  

Europe  

Western  

Europe 

North  

America 

South  

America 

Asia / 

Pacific 

P 

N 2473 2619 2033 1281 1162  

Dyspnea 163 

(6.6%) 

402 

(15.3%) 

386 

(19.0%) 

123 (9.6%) 103 

(8.9%) 

<0.001 

TIMI minor 

bleeding 

34 (1.4%) 96( 3.7%) 75 (3.7%) 41 (3.2%) 72 (6.2%) <0.001 

Renal event  27 (1.1%) 54 (2.1%) 58 (2.9%) 44 (3.4%) 13(1.1%) <0.001 

Bradyarrhtythmia 38(1.5%) 32 (1.2%) 26 (1.3%) 23 (1.8%) 6 (0.5%) 0.057 

Gout 11 (0.4%) 60 (2.3%) 24 (1.2%) 10 (0.8%) 15 (1.3%) <0.001 

 

 

 

 

 

 

 

 



Table S5. Association between caffeine intake at baseline and dyspnea adverse 

events in patients taking ticagrelor 60 mg (N = 3,159), ticagrelor 90 mg (N = 3,204) 

and placebo (N = 3,205). Adjusted hazard ratios for drinking caffeine versus not 

drinking caffeine   

 Placebo 

 

Ticagrelor 60 mg Ticagrelor 90 mg 

 

 Adj HR 

(95% CI) 

 

p-value  Adj HR  

(95% CI) 

p-value Adj HR 

(95% CI) 

p-value 

Any dyspnea  0.89 (0.56-

1.40)  

0.61 0.86 (0.66-

1.13) 

0.29 0.97 (0.74-

1.26) 

0.81 

Mild Dyspnea 1 (0.57-

1.75) 

1.00 0.84 (0.60-

1.18) 

0.32 1.12 (0.77-

1.61) 

0.55 

Moderate or 

Severe 

Dyspnea  

1.20 (0.47-

3.07) 

0.71 0.86 (0.56-

1.32) 

0.49 0.80 (0.55-

1.16) 

0.24 

Dyspnea 

leading to drug 

discontinuation  

0.51 (0.19-

1.39) 

0.19 0.71 (0.44-

1.14) 

0.16 0.72 (0.49-

1.08) 

0.11 

CI = confidence interval; HR = hazard ratio. Adjusted for: age, sex, race, weight, 

hypercholesterolemia, heart failure (HF), diabetes, presence of multivessel CAD, 

history of PCI, type of qualifying MI (STEMI versus NSTEMI), GFR < 60 

ml/min/1.73m2, smoking and region of the world.      



Table S6. Associations between caffeine intake and dyspnea on ticagrelor stratified 

by regions.  

 

  Adjusted 

HR (95 % 

CI) 

P-value P-interaction 

Dyspnea US/W. 

Europe 

1.11 (0.86-

1.45) 

0.42 0.015 

Other 

regions  

0.70 (0.54-

0.91) 

0.009 

Mild dyspnea US/W. 

Europe 

1.38 (0.96-

1.98) 

0.079 0.0007 

 Other 

regions  

0.60 (0.43-

0.83) 

0.0024  

Moderate or 

severe dyspnea 

US/W. 

Europe 

0.80 (0.55-

1.16) 

0.24 0.72 

 Other 

regions  

0.89 (0.59-

1.33) 

0.56  



Dyspnea 

leading to drug 

discontinuation  

US/W. 

Europe 

0.77 (0.51- 

1.15) 

0.20 0.69 

 Other 

regions  

0.68 (0.44- 

1.04) 

0.077  

CI = confidence interval; HR = hazard ratio   Adjusted for: age, sex, race, weight, 

hypercholesterolemia, heart failure (HF), diabetes, presence of multivessel CAD, 

history of PCI, type of qualifying MI (STEMI versus NSTEMI), GFR < 60 

ml/min/1.73m2, and smoking.   

 

 

 

 

 

 

 

 

 

 



Table S7. Dyspnea and cardiovascular outcomes according to quartiles* of 

caffeine intake. 

 Q2 vs Q1 

adj HR (95% CI); p-

value  

Q3 vs Q1 

adj HR (95% CI); p-

value 

Q4 vs Q1 

adj HR (95% CI); p-

value 

Dyspnea  0.93 (0.78-1.10); 

0.41 

0.96 (0.82-1.13); 

0.64 

1.12 (0.95-1.34); 

0.18 

Dyspnea leading to 

drug discontinuation 

1.09 (0.82-1.47); 

0.53 

0.92 (0.69-1.24); 

0.59 

0.98 (0.71-1.35); 

0.89 

CV death, MI or stroke  0.82 (0.67- 

1.01); 0.068 

0.64 (0.51- 

0.81); <0.001 

0.78 (0.61- 

1.01); 0.058 

CV death  0.64 (0.45- 

0.90); 0.011 

0.53 (0.36- 

0.79); 0.002 

0.50 (0.30- 

0.84); 0.009 

Non-CV death 1.26 (0.76- 

2.07); 0.37 

1.14 (0.68- 

1.91); 0.62 

0.85 (0.45- 

1.61); 0.62 

MI  0.88 (0.67- 

1.15); 0.35 

0.65 (0.48- 

0.87); 0.003 

0.76 (0.56- 

1.05); 0.094 

Stroke 1.01 (0.60- 

1.70); 0.96 

0.76 (0.44- 

1.38); 0.39 

1.28 (0.69- 

2.35); 0.43 

CHD death  0.63 (0.39- 

0.99); 0.044 

0.62 (0.38- 

1.00); 0.051 

0.44 (0.22- 

0.87); 0.019 

Sudden cardiac death 0.62 (0.37- 

1.04); 0.072 

0.65 (0.38- 

1.11); 0.11 

0.48 (0.22- 

1.03); 0.059 



Any tachyarrhythmia 1.29 (0.81- 

2.06); 0.29 

0.79 (0.47- 

1.32); 0.36 

1.16 (0.67- 

2.00); 0.60 

Atrial 

fibrillation/flutter 

1.30 (0.74- 

2.27); 0.37 

0.81 (0.43- 

1.50); 0.50 

1.29 (0.67- 

2.48); 0.46 

All-cause mortality 0.79 (0.60- 

1.05); 0.11 

0.71 (0.52- 

0.96); 0.025 

0.60 (0.41- 

0.89); 0.011 

TIMI major bleeding   1.17 (0.69- 

1.99); 0.57 

1.35 (0.80- 

2.29); 0.26 

0.99 (0.52- 

1.89); 0.98 

MALE 0.75 (0.32- 

1.74); 0.50 

0.68 (0.29- 

1.59); 0.37 

0.77 (0.31- 

1.95); 0.59 

 *Quartiles of caffeine intake: Q4: > 21 cups/wk; Q3: 10-21 cups/wk; Q2: 4-10 cups/wk; Q1: ≤ 

4 cups/wk;  

Number of events and event rates at 2 years (in %) estimated by Kaplan-Meier method a; CHD 

= coronary heart disease; CV = cardiovascular; ICH = intracranial hemorrhage; MALE = major 

adverse limb events;  MI = myocardial infarction; TIMI = thrombolysis in myocardial 

infarction. Adjusted for: age, sex, race, weight, hypercholesterolemia, heart failure (HF), 

diabetes, presence of multivessel CAD, history of PCI, type of qualifying MI (STEMI versus 

NSTEMI), GFR < 60 ml/min/1.73m2, and smoking.   

 

 

 

 

 


