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Abstract

Background and Aims

This systematic review aims to evaluate the immdotoffee consumption in
patients with previous myocardial infarction (Ml relation to all-cause and
cardiovascular mortality, as well as other majadmavascular events (MACE) such as

stroke, heart failure, recurrent Ml and suddenlileat

Methods and Results

MEDLINE, Cochrane Central Register of Controlledals (CENTRAL), Web
of Science Core Collection, SciELO Citation DatahaSurrent Contents Connect®,
KCI Korean Journal Database, African Index Mediars] LILACS were searched for
longitudinal studies evaluating the impact of ceffeonsumption in patients with
previous myocardial infarction. We performed a @neeffects meta-analysis to
estimate the pooled hazard ratios (HR) with 95%fidence intervals (CI). The
statistical heterogeneity was measured by [2. Aedesponse analysis was also
conducted.

Six prospective cohort studies were included in gmgnary meta-analysis.
Consumption of coffee was associated with lowek $ cardiovascular mortality
(HR=0.70; 95% CI 0.54 to 0.91), [12=0%; 2 studiagd was not associated with an
increased risk of all-cause mortality (HR=0.85; 958 0.63 to 1.13; 12=50%; 3
studies), recurrent MI (HR=0.99; 95% CI 0.80 to 28.22=0%; 3 studies), stroke
(HR=0.97; 95% CI 0.63 to 1.49; [?=39%; 2 studiagl MACE (HR=0.96; 95% ClI
0.86 to 1.07; I2=0%; 2 studies). A significant nlorear inverse dose-response

association was found for coffee consumption ahdaalse mortality.

Conclusions
Consumption of coffee was not associated with amemsed risk of all-cause

mortality and cardiovascular events in patienthpitevious myocardial infarction.

Keywords. Coffee, caffeine, acute coronary syndrome, myoehardnfarction,

mortality, cardiovascular events, heart failure, gina



| ntroduction

Ischemic heart disease is the leading cause ofhdeatadults worldwide,
according to the World Health Organization (WHO)ad®ie rupture with thrombus
formation in a coronary vessel results in an aawguction of blood supply to
myocardium, leading to myocardial infarction (Mljtivirreversible damage [1].

Patients with previous myocardial infarction facesignificant risk of further
cardiovascular events, including recurrent MI, lstsoheart failure, arrhythmias and
death [2]. Therefore, information regarding proga@nd management after myocardial
infarction is of the utmost importance for clinigadactice. Pharmacological measures,
such as antiplatelet treatment and statins havéemgortant prognostic role in the
secondary prevention on patients with previous M. [ Concomitant non-
pharmacological approaches, such as adopting gd#kistyles (physical activity and
diet) are desirable. Much is known and debated tabdoow diet modulates
cardiovascular risk factors (lipids and blood puesy [4,5], but presently there are no
recommendations about coffee consumption in thigufaion. Despite the link of
coffee consumption with myocardial infarction, theare studies, mostly based in
disease-free populations, showing that coffee doefcrease the Ml risk [6,7].

Coffee is one of the most consumed beverages wamltdwand the
understanding of the potential physiological eleat its consumption, either beneficial
or harmful, may have meaningful implications forbpa health and patient care. Its
consumption and association with cardiovasculagadie has been studied extensively
[6-8]. However, it is of critical importance to ass its clinical impact in the whole
spectrum of potential consumers. Previous studae focused on the effect of coffee
in the development of acute myocardial infarctibat few have studied the impact of
coffee consumption on prognosis in patients wittvgus MI.

Hereupon, we aimed to systematically study the o$kmortality and new
cardiovascular events associated with coffee ineptst with history of myocardial

infarction.



M ethods

This systematic review was conducted and reporsaiguPRISMA (Preferred
Reporting Items for Systematic Reviews and Metalyses) and MOOSE (Meta-
analysis Of Observational Studies in Epidemiologyidelines [9,10]. It was registered
in the International prospective register of sysigm reviews — PROSPERO
(https://www.crd.york.ac.uk/PROSPERQO/)  with  the is&@tion reference
CRD42016032821.

Eligibility criteria
Study design and participants of interest

All longitudinal studies (clinical trials, cohorésted case-control studies, case-
control studies) were included, provided that theyorted data or estimates about the
coffee exposure and new cardiovascular eventstiena that have or had myocardial
infarction. History of myocardial infarction wasfaeed according to clinical definitions
[1], administrative codes, or autoreporting. Stadaeldressing the effects of short-term
exposure to coffee (<1 year) as well as studietuating coffee exposure in patients
who had not prior Ml were excluded. Studies thatt mnelusion criteria were not

excludeda priori on the basis of weakness of design or data quality.

I nter vention/exposur e and contr ol
Studies had to appraise the coffee consumptiom #fee myocardial infarction

and had to include a control group.

The control group had to include patients who weeree abstainers, low-dose
coffee drinkers or decaffeinated coffee consumé&ie were flexible about the

definition of low-dose coffee, accepting the defom of each study.

Outcomes

The primary outcome of this review was all-cause deerall) mortality. The
secondary outcomes were cardiovascular (or cardejality, recurrent myocardial
infarction, stroke, heart failure (incident or hitafization) and sudden death. Studies
that only reported information regarding secondaujcomes and that reported major

cardiovascular events (MACE) as a single outcome wet excludea priori.



I nformation sources and search strategy

Electronic identification of studies was conducbgdtwo authors (DC and ER),
searching in MEDLINE, Cochrane Central RegisteControlled Trials (CENTRAL),
Web of Science Core Collection, SciELO Citation &kmtse, Current Contents
Connect®, KCI Korean Journal Database, African inedicus, and LILACS, lastly
updated in April 2020. Reference lists and systemmaviews evaluating coffee/caffeine
exposure and cardiovascular diseases or cardideascrsk factors were

comprehensively assessed to ensure the sensaiitye search.

Study records

Data extraction, selection and collection: two eswers (DC and ER) screened
all articles resulting from the database searctieSiand abstracts were first screened
independently in accordance with eligibility crieerand any doubts or disagreements
were discussed and solved by consensus. Afterwdhds,selected studies were

evaluated in detail to determine if they fit thegadility criteria.

For primary analysis, we evaluated the exposutfee at baseline compared
with a reference group of non-consumers or with ldveest quantile of intake. Data
from different estimates evaluating different levedf exposure compared with a
reference were abstracted.

When different risk estimates for the same leved&sewavailable in the same
publication, we considered for analysis those ctifig the greatest degree of control for
potential confounders, or the most comprehensigesasnent of coffee intake, using
these criteria sequentially. We aimed to retriend ase hazard ratio (HR) as estimate
measure for the outcome. When this estimate wasawmailable, we attempted to
calculate it through the analysis of Kaplan-Meietdarial curves, otherwise the other

relative measures estimates (risk ratio or odds)rafere retrieved.

Risk of bias assessment
The risk of bias of individual studies was evaldatsing the ROBINS-I (Risk
Of Bias In Non-randomized Studies - of Intervensiptool [11], using the following

domains: confounding, selection of participants oinstudy, classification of
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intervention, deviations from intended interventianissing data, measurement of
outcome and selection of reported results. Theseads were qualitatively classified
as serious, moderate or low risk of bias.

Disagreements were solved by consensus.

Data synthesis

In the quantitative analysis, there were 2 phases:

Firstly, a random-effects meta-analysis using thentdl-Haenszel method was
performed comparing the highest vs. lowest categoffee consumption [12], which
included “consumers vs. abstainers”, if the datareweot stratified. Statistical
heterogeneity was defined as p-value<0.10 in thies@are test and it was measured
through the 12 metric [13], which measures the petage of total variation between

studies due to heterogeneity.

Secondly, we performed a dose-response analysisg uie methods of
Greenland and Longnecker exemplified by Orsini 154, The analysis was undertaken
for each outcome if three or more studies repoda&id and they had to discriminate
three or more levels of consumption, otherwise maseeresponse analysis was
performed. The classes of coffee consumption aant thspective hazard ratios (HR)
and 95% confidence intervals (Cl) for clinical etsewere retrieved. If the lower class
was an interval that included the absence of caffeesumption, we assumed it as the
reference for the class. For the remainder clagisesnid of each quantile was assigned
to the respective HR. For classes with the higlessumption, if these were open-
ended, we assumed that the range of category wasathe as the closest category and
we also assigned the mid-point of the case to shienate for the meta-analysis [16]. A
potential non-linear relationship between coffe@stonption and the risk of clinical
events was evaluated through restricted cubic eplinith three knots at 10, 50, and
90% of the distribution [17]. A Wald-type test waarformed to assess non-linearity. If
the data were suggestive of a linear relationshig, reported the HR and 95% CI
associated with consumption of each cup of coffgévdd from an iterative generalized
least-squares regression and the goodness-ofHéigeiare test p-value. If the data had a
non-linear dispersion, an informative graph witle tHR and 95% CI along with the
amount of coffee cups taken was plotted.



We provided funnel plots for the evaluation of padion bias but formal tests
for funnel plot asymmetry were only planned if @dt 10 studies were included in the

pooled analysis.

Assessment of confidence in cumulative evidence

The Grading of Recommendation, Assessment, Devedoprand Evaluation
(GRADE) criteria was used to grade the quality loé tpooled evidence for each
outcome. The GRADE approach was independently sesddsy two investigators (DC
and ER) in the following domains: risk of bias, ansistency, indirectness, imprecision
and publication bias. Discrepancies were solveddrnsensus. The confidence on the
pooled evidence accounted for all the factors ara$ \graded as very low, low,
moderate or high [18]. The pooled risk differenaethweoffee and the confidence on the
pooled evidence were reportedhe Summary of findings table.



Results

Study selection
o
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Figure 1. Flow chart of study selection

The electronic database search yielded 341 refeseriovo additional records
were identified through other sources (referencasdbkearch). After removal of
duplicates, screening of title and abstract anduetian for full-text eligibility, seven
studies remained for inclusion [19-25]. Six of gtedies evaluated coffee consumption
[19-23,25] and one of the studies evaluated caffeonsumption [24]. We divided our
guantitative synthesis in a primary meta-analysih wnly the studies that accounted
for coffee consumption and a secondary meta-arsaiing the data from the study
that assessed for caffeine consumption rather ¢bffiee, accounting for all the seven

studies.



Study characteristics

All studies ultimately included in the review wepeospective cohort studies.
Five studies were conducted in Europe (Netherld@dE Sweden [20], Italy [22,25]
and Greece [23]) and two in the United States H|]9,@verall, 21890 patients with
previous myocardial infarction were included in gbestudies (ranging from 112 to
11231 patients). The mean age of participants stliee varied between 41 and 69
years old. The duration of follow-up varied fromb3years to 10 years. All-cause
mortality was evaluated by four studies [19-21,Z3f.the secondary outcomes, three
studies reported cardiovascular mortality [20,2]L,@ur studies evaluated recurrent
acute myocardial infarction [20,22—-24], three stsdevaluated stroke [20,22,24] and
two studies evaluated MACE as a single outcome 2B)2, All studies had a
multivariable outcome adjustment for major potdnttanfounders, including age,
smoking, alcohol consumption, body mass index,cgmtinomic status and education,

physical activity and history of diabetes and hygesion [19-25].

Van Dongen et al. assessed both caffeinated caifieke decaffeinated coffee
consumption. In this study, the fully adjusted HRseparate categories of caffeinated
and decaffeinated coffee were essentially of thmesanagnitude when comparing to
those for total coffee consumption [21]. Two stgdiassessed caffeinated coffee
consumption only [19,20], and three studies did speécify whether they included
decaffeinated coffee [22,23,25]. Fornengo et aangfied coffee in cups per day but
did not specify categories of coffee consumptioheyl evaluated coffee as a binary
covariate, using a multivariate analysis based or @roportional regression model
[25]. Suri et al assessed caffeinated coffee coptom but portions were not defined.
Therefore, their primary analysis consisted of ea# consumption, in which they
included caffeinated coffee and other beverages rnmit nutrients obtained from
nutritional supplements or medications. For datalyesis, they divided caffeine intake
into equivalent of 150-mg of coffee cups [24].

All studies had an assessment of coffee consumptivough a dietary
questionnaire/interview at baseline. Three of thedies assessed weekly coffee
consumption during the previous year [19,20,23f oh the studies assessed coffee
consumption in the past month [21] and one of thedies assessed caffeine

consumption in the past 24 hours [24]. Beyond thgebne assessment, Silletta et al.



also assessed at the 6th, 18th, and 42nd montbllofvfup [22] and Fornengo et al.
also assessed at the end of follow-up [25].

All studies provided a clear definition for MI. Ads all studies that assessed
mortality, did it through the respective Nationadddh Index/Register death certificate
records, and used WHO-ICD (International Clasdiifica of Diseases) coding to
identify cause of death.

As for cardiovascular events, in three studies22@4] they were recorded and
identified by WHO-ICD coding. In one study [22]s iassessment was validated by a
committee of experts [26,27]. Another study [25jdiscase definitions for acute
coronary heart disease in epidemiology and clinieakarch studies by the American
Heart Association (AHA) [28].

A summary of the main characteristics of the inellidtudies can be found on
Table 1.

The hazard ratios and 95% confidence intervals hef different outcomes
according to category of coffee consumption, focheatudy can also be found on

Supplementary Table 2.

Risk of biaswithin studies

According to the ROBINS-I tool (Supplementary TaBlg the overall risk of
bias was serious, with only two studies being abergid as having moderate risk of bias
[22,25]. The key element for downgrading the evadenwas the bias in the
classification of intervention/exposure, becauss p baseline assessment is clearly
insufficient to retrieve a reliable estimate of feef exposure overtime. The studies that

evaluated at least twice overtime were consider#id mwoderate risk of bias [22,25].
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Table 1. Main characteristics of included studies

Study

Year

M ukamal

2004 [18]

Silletta

2007 [20]

M ukamal

2009 [19]

Fornengo

2010 [24]

Notara

2015 [21]

Design Region

Prospective USA

cohort

Prospective Italy

cohort

Prospective Sweden

cohort

Prospective Italy

cohort

Prospective Greece

cohort

Population

1902 hospitalized with a confirmed AM Median of

Follow-up M ean age/%

between 1989 and 1994 at 45 commur 3.8 years

hospitals and tertiary care centers in th
United States, as part of the Determine

of Myocardial Infarction Onset Study

11231 participants in the GISSI-
Prevenzione trial - a prospective study
investigating the relationship between
coffee intake and cardiovascular event

in a cohort of patients who survived

myocardial infarction

1369 hospitalized with a confirmed firs! 6.9 to 9.9
acute myocardial infarction between
1992 and 1994 in Stockholm County,

Sweden, as part of the Stockholm Hea

Epidemiology Program

3.5 years

years

112 patients witke45 years admitted to 5.3 years

the Coronary Care Unit with acute Ml

2172 ACS consecutive patients

hospitalized in the cardiology clinics or

10 years

female

56-65

years/32%

52.3-63.6

years/14.7%

59.5

years/30%

41

years/10%

65+ 13

years/24%

Type of
Coffee

Caffeinated
coffee only

Coffee only
(not
specified)

Caffeinated
coffee only

Coffee (not
specified)

Coffee only
(not
specified)

Coffee Exposure Outcomes Outcome adjustments

Standardized questionnaire All-cause Mortality
by trained interviewers

Age, sex, previous MI, previous angina, hypertemsitiabetes mellitus, BMI, current smoking,
former smoking, educational attainment, race, hioolseincome, usual frequency of exertion, usu:
alcohol consumption, use of thrombolytic therapse of cardiac medications (aspirfnblockers,
calcium channel blockers, ACEi, digoxin diuretiigid-lowering agents), congestive heart failure
or ventricular tachycardia during hospitalization

Age, gender, smoking, time from MI to enrolimertpp MI previous to index MI, BMI, history of
hypertension, history of diabetes mellitus, periphgascular disease, electrical instability, resul
of exercise stress testing, left ventricular eacfraction, New York Heart Association class,
Canadian Cardiovascular Society angina symptomeasoeilarization procedures, n-3 PUFA use,
vitamin E use, antiplatelet agent use, angiotensiverting enzyme inhibitor use, lipid-lowering
medication useB-blocker use and intake of cooked vegetables, eyetables, fruit, fish, olive olil,
other oil, butter, cheese, and wine

Dietary questionnaire Recurrent AMI
administered by Stroke
cardiologists/ nurses during Sudden Death
clinical visits at the baseline

examination and at the 6th,

18th, and 42nd month of

follow-up

Standardized questionnaire All-cause Mortality Age, sex, diabetes, smoking, obesity, physicaltiniy, alcohol consumption, tea consumption,

distributed during CV Mortality education, intake of boiled coffee, hypertensiod systolic blood pressure
hospitalization Recurrent AMI
Stroke

Heart Failure

Standardized questionnaire MACE (defined as cardiac Age, gender, current smoking, hypercholesterolehypertriglyceridemia, family history, previous
at baseline and end of death, recurrent MI, heart CV events, hypertension, heart rate, diabetes tuelBMI, obesity, diet, physical activity, alcohol
follow-up failure needing consumption, end-diastolic and end-systolic ventaicdiameter and LV ejection fraction
hospitalization stroke and
angina pectoris needing re-
vascularization procedure)
Sex, age, physical activity, years of school, M&iB¢ore, current smoking, body mass index,

CES-depression, family history of CV disease, htgreion, hypercholesterolemia and diabetes
mellitus

Validated semiquantitative Recurrent AMI
Food Frequency
Questionnaire

11



Suri Prospective USA

2015 [23] cohort

van Dongen Prospective Netherlands
2017 [22] cohort

the emergency units of six major Gene

Hospitals in Greece

739 survivors of AMI 9.0+52 69+17

years years/41%

4365 Dutch patients from the Alpha ~ Median of 69.0 £ 5.6
Omega Cohort between 60 and 80 yee 7.1 years years/21%
and that had experienced an Ml less tt

10 years before study enroliment

Caffeine Dietary interviews by All-cause Mortality Age, sex, race/ethnicity, socioeconomic status mremoking status, alcohol, history of diabetes
intake trained dietary interviewers Fatal stroke mellitus, history of hyperlipidemia and historylofpertension

divided into Fatal recurrent AMI

equivalent of Fatal cardiovascular diseas

150-mg of (CV mortality)

coffee cups

Caffeinated 203-item validated food-  All-cause Mortality
and frequency questionnaire by CV Mortality
decaffeinatec trained dietitians

coffee (total)

Age, sex, and type of intervention during the alifAlpha Omega Trial phase, prevalent diabetes,
BMI, physical activity, educational level, smokistatus, and alcohol use

AMI, acute myocardial infarction; MI, myocardialfarction; BMI, body mass index; ACEi, ACE-inhibitdPUFA, polyunsaturated fatty acids; CV, cardiovdag MACE, major cardiovascular events; LV, le@niricular; ACS, acute coronary syndrome; CES,arefor epidemiologic

studies
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Synthesis of results

Hazard Ratio Hazard Ratio
Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% CI
Mortality
Mukamal 2004 31.7% 1.13[0.80, 1.60] T
Mukamal 2009 20.9% 0.59[0.36, 0.98] —
van Dongen 2017 47.4% 0.82[0.68, 0.98] i
Subtotal (95% CI) 100.0% 0.85[0.63, 1.13] ‘

Heterogeneity: Tau? = 0.04; Chi? = 4.71, df = 2 (P = 0.09); I = 58%
Test for overall effect: Z=1.12 (P = 0.26)

CV mortality

Mukamal 2009 8.5% 0.51[0.21, 1.25] —_—
van Dongen 2017 91.5% 0.72 [0.55, 0.95] t
Subtotal (95% Cl)  100.0%  0.70 [0.54, 0.91]

Heterogeneity: Tau? = 0.00; Chi® = 0.52, df = 1 (P = 0.47); 2 = 0%

Test for overall effect: Z = 2.68 (P = 0.007)

Sudden death

Silletta 2007 100.0% 0.80 [0.55, 1.17] 1—
Subtotal (95% Cl)  100.0%  0.80 [0.55, 1.17]

Heterogeneity: Not applicable
Test for overall effect: Z=1.15 (P = 0.25)

Myocardial infarction

Mukamal 2009 14.9% 0.84 [0.51, 1.40] ——
Notara 2015 46.7% 1.16 [0.91, 1.46] T
Silletta 2007 38.4% 0.88 [0.66, 1.15] —
Subtotal (95% CI)  100.0% 0.99 [0.80, 1.22] 2

Heterogeneity: Tau? = 0.01; Chi? = 2.81, df =2 (P = 0.25); 1> = 29%
Test for overall effect: Z = 0.08 (P = 0.93)

Stroke
Mukamal 2009 25.1% 0.74[0.31, 1.75] - &1
Silletta 2007 74.9% 1.06 [0.64, 1.74]

Subtotal (95% Cl) 100.0% 0.97 [0.63, 1.49]
Heterogeneity: Tau? = 0.00; Chi? = 0.50, df = 1 (P = 0.48); I>= 0%
Test for overall effect: Z = 0.14 (P = 0.89)

Heart failure
Mukamal 2009 100.0% 0.71[0.42, 1.18] i—
Subtotal (95% Cl) 100.0% 0.71 [0.42, 1.18] —
Heterogeneity: Not applicable

Test for overall effect: Z=1.32 (P =0.19)

MACE
Fornengo 2010 52%  0.96[0.59, 1.55] .
Silletta 2007 94.8% 0.96 [0.85, 1.07] ,
Subtotal (95% Cl)  100.0%  0.96 [0.86, 1.07]

Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.98); I> = 0%
Test for overall effect: Z=0.82 (P = 0.41)

| Il I
T T T

01 02 05 1 2 5 10
Decreased risk with coffee  Increased risk with coffee

Figure 2. Forest plot of the primary analysis (random-efechodel) of the effect of coffee
consumption/exposure (highest vs lowest categony) nwortality and cardiovascular events after
myocardial infarction. IV, inverse variance; Cl, nfidence interval, CV, mortality; MACE, major

cardiovascular events.
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In our primary analysis, we performed the metaymslfor all-cause mortality
using data from three studies, which included altof 7636 patients with previous
myocardial infarction. The pooled analysis showedt tcoffee consumption was not
associated with an increased risk of all-cause attyrtwith HR=0.85 (95% CI 0.63 to
1.13), with statistically significant heterogenejptvalue for heterogeneity chi-square =
0.09) and 12=58%.

Regarding cardiovascular mortality, the pooled ysial with a total of 5734
patients demonstrated that coffee consumption ves®csated with a statistically
significant lower risk of CV mortality with HR=0.7095% CI 0.54 to 0.91). The
analyses on recurrent Ml (HR=0.99; 95% CI 0.80 @2}, stroke (HR=0.97; 95% CI
0.63 to 1.49) and MACE (HR=0.96; 95% CI 0.86 to7).@ere also not associated with
an increased risk with coffee consumption. Nonthete analyses were remarkable for
statistical heterogeneity and all h&dd(%.

The other secondary outcomes (sudden death and fadlare) were only
reported by one study each, rendering any poolatysis impossible.

All individual estimates are depicted in SupplenaeyniTable 3.

Dose-Response Meta-Analysis

All-cause mortality All-cause mortality (with Suri et al)

Figure 3. The pooled relative risk of all-cause mortalits@gated to the different coffee consumption
strataNote: The solid line represents the non-lineardréBlack dashed lines represent the 95% confidarieevals. Red dashed

line represents HR=1. HR, hazard ratio;

A dose-response meta-analysis was undertaken foormes with reported data
in three or more studies and that discriminatedelar more levels of consumption. The
only outcomes in our primary analysis which mestheriteria were all-cause mortality
[19-21] and recurrent Ml [20,22,23].

14



For all-cause mortality, we found a significant dmear dose-response inverse
relationship (p-value for non-linearity = 0.001)dé&re 3). Regarding recurrent Ml the
data fitted a non-significant linear dose-respoms®lel with HR 1.01 (95%CI 0.92-

1.11) for each cup of coffee consumed.

Publication bias and secondary analysis
Due to the small number of studies, the publicatibas analysis was not
formally assessed. Supplementary Figure 1 showsitiveel plot for the outcomes with

3 or more studies and overall, there was not a elggmmetry in the estimates.

We carried out a secondary analysis (Supplememigiyre 2) by including data
from one study (Suri et al.) which analysis accednfor caffeine consumption rather
than coffee [24].

The inclusion of data from this study yielded samilresults in the pooled
analysis for every outcome that the study assesdlecause mortality (HR=0.81; 95%
Cl1 0.65 to 1.00; p-value for heterogeneity=0.1£53%), CV mortality (HR=0.70; 95%
Cl 0.57 to 0.86; 12=0%), recurrent myocardial ictaon (HR=1.01; 95% CI 0.85 to
1.19; 1?>=0%), and stroke (HR=0.77; 95% CI 0.42 tal31 12=39%) (Figure 3;
Supplementary Figure 2).

We also carried out the dose-response analysisalfarause mortality (Figure 3),

cardiovascular mortality [20,21,24] and stroke PX)24] the latter possible as these
outcomes now met the criteria of reported datehied or more studies. The all-cause
mortality data overlapped the primary analysis. @vrtality was associated to a non-
linear inverse relationship (p-value for non-lingax 0.001) (Supplementary Figure 3)

while stroke, there was not a significant changehi@ risk for each cup of coffee

consumed.
Studies Hazard Ratio Hazard Ratio
Outcomes (including Suri et al) |2 (%) 95% CI 95% Cl
All-cause mortality 4 50 0.81[0.65, 1.00] —
CV mortality 4 0 0.70 [0.57, 0.86] —
Myocardial infarction 4 0 1.01[0.85, 1.19] -
Stroke 3 39 0.77 [0.42, 1.43] * t

05 0.7 1 15 2
Favours Coffee Favours Control
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Figure 4. Pooled analysis (random-effects model) of thectffd coffee consumption/exposure (highest
vs lowest category) in the outcomes where Suril.etvas added (secondary analysis; Supplementary

Figure 2)
Assessment of confidence in cumulative evidence

Table 2 presents a summary of findings table wisammarizes the results
obtained according to certainty of the evidence AGE). Results on most of the
outcomes present very low certainty, however odioaascular mortality presents low
certainty and, according to our estimates, coffeg be associated with reduced risk of
cardiovascular mortality in 5 for each 1000 paseiwir in the worst case-scenario 2 for
each 1000. More importantly, this seems to exclbdam regarding cardiovascular
mortality.

Table 2. Summary of findings according to the GRADE créeriepicting the primary
and the secondary outcomes

Anticipated yearly absolute

Number and typeof Certainty of the Relative effects* *
Outcomes studies evidence effect
(GRADE) (95% CI) Risk with no Risk difference
coffeg*** with coffee
All-cause 3 observational EBKK& 2) S e
. . AT (0.63 to 43 per 1000 (16 fewer to 6
mortality studies VERY LOW **
1.13) fewer)
- 0.70 5 fewer per 1000
CV mortality 2 ol;i:a(;\i/:gonal ?(?WK‘&)) (0.54 to 18 per 1000 (8 fewer to 2
0.91) fewer)
0.80
- ® w 2 fewer per 1000
Sudden death 1 observational study VERY LOW @&f (015157 )to 10 per 1000 (5 fewer to 2 more)
Myocardial 3 observational @kw (Ooégg to 16 per 1000 0 fewer per 1000
infarction studies VERY LOW & 1 22) P (3 fewer to 3 more)
Stroke 2 observational @kw (00;1727 to 5 per 1000 0 fewer per 1000
studies VERY LOW ® l 43) P (2 fewer to 3 more)
o J 0.71 12 fewer per 1000
eart failure observational stud % 42 to per ewer to
H fail 1ob ional stud VERY LOW a0 0.42 40 1000 23 f 7
1.18) more)
. 0.96
2 observational Gaw 2 fewer per 1000
MACE studies VERY LOW *°¢ ((:)L'%(;)to 39 per 1000 (6 fewer to 3 more)

*Therisk in theintervention group (and its 95% confidence interval) is based orassimed risk in the
comparison group and thelative effect of the intervention (and its 95% ClI).

** The anticipated yearly absolute risks were clted assuming a constant risk of events overtime.

*** Data calculated from the control group in thegdest study in each outcome: All-cause mortality &V
mortality (Van Dongen 2017); Sudden death, myoedidfarction, stroke and MACE (Silletta 2007); Hefilure
(Mukamal 2009).
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Explanations

a. The risk of bias strata of most studies corresponds to very serious; b. Statistical heterogeneity was substantial with 12 statistic of 50%; c. The
confidence interval overlaps the HR 1.0. However, it excludes substantial harm; d. The risk of bias of the study was moderate; e. Only one study
(Silletta et al.); f. The confidence interval overlaps the HR 1.0; g. Only one study (Mukamal et al. 2009)
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Discussion

The main finding of this systematic review is thia¢ best evidence available
suggests that coffee consumption in patients wiglvipus myocardial infarction is safe,
without increasing the risks of all-cause mortadityd cardiovascular events.

It is known that patients with a previous myocardifarction face a significant
risk of further cardiovascular events, includingueent MI, stroke, heart failure,
arrhythmias and death [2]. Concomitantly, it hasrbshown that coffee exposure has
not been associated with an increased incidencendfiple cardiovascular events
considered to be the main cardiovascular mortabtyfactors. Furthermore, in disease-
free population, coffee intake does not appeardoassociated with coronary heart
disease [6,7,29).ikewise, in the dose-response meta-analysis bgdoar et al., it was
shown that moderate coffee consumption may be waakersely associated with risk
of stroke [30]. In another dose-response meta-arsalyy Zhang et al., coffee intake of
>3 cups/day did not show an increased risk of iattbypertension. However, a slightly
elevated risk appeared to be associated with lighinoderate consumption, as an
inverse “J-shaped” relation was found [31]. Coffmmsumption has also not been

associated with an increased frequency or sevefritgrdiac arrhythmias [32,33].

The consumption of coffee and its association wahdiovascular disease and
mortality has been studied extensively but few istsithave studied its impact on high-
risk patients with cardiovascular disease. In thretaranalysis by Brown et al., which
only assessed all-cause mortality and two cohadies [19,20] that were also included
in this review, drinking coffee habitually followgnan acute myocardial infarction
(AMI) was associated with a reduced risk of motyalFurthermore, the overall results
indicated that there was a statistically significarverse association between coffee
consumption and mortality after an AMI. Comparedhwioncoffee drinkers, light (1-2
cups/day) and heavy (>2 cups/day) coffee drinkad & decreased risk of mortality,
with the greatest benefit being shown with heavysconption [34].

Although much attention is paid to caffeine — aightfully so, as it is coffee’s
major active ingredient and may have short-termmifigr effects, such as the
stimulation of the release of adrenaline, an irtbibof insulin activity, and the acute
increase in blood pressure and homocysteine caatiems [35] —, there are several
other biologically active substances in coffee thmaty have beneficial effects on the

cardiovascular system and their understanding sergsl to further comprehend the
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potential effects of coffee on health. Several istsidhave found an inverse association
between coffee consumption and blood concentradrsome inflammatory markers,
such as C-reactive protein and E-selectin, deargasiflammation and endothelial
dysfunction.[36—39] Some phenolic compounds in e®ffspecially chlorogenic acid),
magnesium, trigonelline and quinides also seematce ha strong antioxidant activity
which reduces chronic inflammation and oxidativess and may reduce the oxidation
of low-density lipoprotein cholesterol, contribugito lessen the atherosclerotic process
[40,41].

The presence of a dose-response non-linear assaciéetween coffee
consumption and overall mortality suggests thateeotonsumption is safe in patients
with previous MI. As the results of our analysis fwher cardiovascular events did not
show a significantly reduced risk with coffee camgion, further investigation is
required to better understand the association Ilegtweoffee consumption and
cardiovascular risk in patients with previous MheTinclusion of more studies with
larger sample sizes and higher quality might lead fitmer conclusions and,
consequently, meaningful implications for publicahlle and patient care in this high-

risk population.
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Limitations

The first limitation of this review is the small mber of studies included in the
single meta-analysis. There are also limitationkeiant to the included studies
themselves - given their observational nature pib&sibility of residual or unmeasured
confounding cannot be excluded, even though aflistuhad a multivariable outcome
adjustment. Also, the control group was heterogeseas included abstainer, low
quantity drinkers or decaffeinated coffee drinker.

Regarding coffee exposure, all studies had equivadssessment of coffee
consumption - through a standardized dietary qomséire/interview. However, the
categories and classification regarding coffee slogere heterogeneous, as was the
period of time in which coffee consumption was nueed. The reference of coffee
exposure was also heterogeneous among studiedwahesswith estimates referring to
intervals were considered as abstainers in the-dsg®nse analysis, which limits the
robustness of the method.

The overall risk of bias regarding the studiesudeld in this meta-analysis was
serious. One of the main elements for downgradmegdvidence was the bias in the
classification of intervention/exposure. There veady one study that accounted for
updated information on coffee consumption durindpf-up [22]. As for the others,
they only assessed coffee consumption at baselinerefore, eventual behavioural
changes were not accounted for, which may not aefthanges in dose during the
follow-up period. Evaluating the study of Sille#taal [22], which may be less prone to
bias, the results also supported the safety okeafi patients with previous myocardial
infarction.

The pooled evidence, as per GRADE assessment, hegryalow to low
certainty, which disables claims for considerinff@® as intervention that improves the
prognosis. Nonetheless, we consider that thesefdatar the safety of coffee use in

patients with previous history of myocardial inféma.
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Conclusions

Consumption of coffee was not associated with amemsed risk of all-cause

mortality and cardiovascular events in patienthpitevious myocardial infarction.

The presence of a significant dose-response neasirassociation between
coffee consumption and risk of mortality in thisgppéation emphasise the relevancy for
further observational studies to confirm our figrand to better elucidate the possible
underlying mechanism of the impact of the consuompf coffee on mortality and

other cardiovascular events in patients with presimyocardial infarction.
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Highlights

+  We amed to assess whether there is an association between coffee consumption
and mortality and cardiovascular risk in patients with previous myocardial
infarction

+ Higher coffee consumption was associated with lower risk of all-cause mortality
and cardiovascular mortality

+ Long-term coffee consumption is safe after myocardia infarction and may be
associated with reduced risk of cardiovascular mortality



