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Abstract

Background: There is no clear consensus on the use of aspirin (ASA) 
in patients with congestive heart failure (CHF) due to its reported 
interaction with other cardio-prudent medications. The aim was to 
evaluate the effect of ASA on all-cause mortality and the frequency 
of hospitalization for heart failure in patients with CHF using meta-
analysis, as well as to study the potential variables interacting with 
this effect.

Methods: Eligible studies were identified via a PubMed search, the 
“related article” feature and a manual search of references. Studies 
were included if they had a study population with CHF of any etiol-
ogy, compared ASA to no ASA or placebo, and reported one or both 
of the following outcomes: 1) all-cause mortality and 2) the frequency 
of hospitalization for heart failure. Data were extracted and verified. 
We used the inverse variance method in a random-effects model to 
combine effect sizes.

Results: A total of 14 studies with a combined study population of 
64,550 patients were included in the final analysis. All-cause mortal-
ity was found to be significantly lower in patients who were taking 
ASA (P = 0.003). When examining the use of ASA, no significant dif-
ference was found in the frequency of hospitalization for heart failure. 
ASA use was demonstrated to be more beneficial against mortality 
in studies with a larger percentage of patients on nitrates (P = 0.008) 
and oral anticoagulants (P = 0.04). A significantly lower rate of hos-
pitalization for heart failure was observed in patients who used oral 
anticoagulants and ASA concurrently (P = 0.02).

Conclusions: ASA may have beneficial effects on mortality in pa-
tients with heart failure of all etiologies.

Keywords: Aspirin; Anti-platelet therapy; Congestive heart failure; 
Nitrates; Anticoagulation

Introduction

There is no clear consensus on the use of aspirin (ASA) in 
patients with congestive heart failure (CHF). ASA use is ben-
eficial and is recommended in many conditions that frequently 
coexist with CHF, such as ischemic heart disease (IHD), atrial 
fibrillation (Afib) and diabetes mellitus (DM). The American 
College of Cardiology/American Heart Association (ACC/
AHA) and European Society of Cardiology (ESC) guidelines 
are equivocal regarding the use of ASA in CHF, especially in 
the absence of coronary artery disease (CAD). Various stud-
ies have reported conflicting results regarding the benefits and 
risks of ASA in this setting.

The current hypothesis behind the adverse effect of ASA 
in patients with CHF is its interaction with other cardio-pru-
dent medications, particularly angiotensin converting enzyme 
inhibitors (ACEis). ASA antagonizes the beneficial vasodila-
tor effects of ACEi; this has been well studied and reported on 
repeatedly. One mechanism of action of ACEi is an increase in 
prostaglandin synthesis via inhibiting breakdown of bradykinin 
by ACE. This pathway is thought to play an important role in 
counteracting the enhanced vasoconstriction in CHF [1]. ASA 
is known to reduce prostaglandin production via inhibition of 
cyclo-oxygenase. A systematic review of six randomized trials 
including 22,060 patients revealed weak evidence supporting 
the reduction in benefit from ACEi when used in combination 
with ASA [2]. Similarly, ASA was shown to result in a 30% 
attenuation of the natriuresis induced by spironolactone in 
healthy male subjects [3]. Chin et al further explored this inter-
action between ASA and eplerenone, but found no significant 
effect on clinical outcomes [4]. ASA has also been shown to 
interact with beta-blockers (BBs). In hypertensive male sub-
jects, ASA pre-treatment lowered their hypotensive effect but 
did not affect their negative ionotropic or chronotropic effects 
[5]. In addition, ASA may interfere with reverse remodeling in 
patients with CHF treated with BB [6]. The known side effects 
of ASA on blood pressure control, renal function, and sodium 
and water retention may be particularly relevant in patients with 
CHF. When compared to clopidogrel, ASA has been shown to 
cause significant elevation of B-type natriuretic peptide (BNP) 
in patients with ischemic heart failure as well as in patients with 
CHF on ACEi [7]. Another aspect to consider is the potential 
contribution of ASA to the development of iron deficiency and 
anemia in these patients. The prevalence of iron deficiency in 
individuals with CHF has been reported to be as high as 30%. 
Anemia and iron deficiency in CHF have been associated with 
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a higher all-cause and cardiovascular mortality [8].
The above described factors have the potential to result in 

worsening symptoms, increased hospitalizations and a higher 
mortality in patients with CHF. However, none of these theo-
retical interactions or adverse effects have been definitively 
proven to translate into poorer clinical outcomes resulting 
from the use of ASA (Fig. 1).

Objectives

The objective of this study was to evaluate the effect of ASA 
on all-cause mortality and the frequency of hospitalization for 
heart failure (HF) in patients with CHF, as well as to study 
the potential variables interacting with this effect using meta-
analysis and meta-regression techniques, respectively.

Materials and Methods

We conducted this meta-analysis according to the recommen-
dations of the Meta-analysis of Observational Studies in the 
Epidemiology Group (MOOSE).

Search strategies

PubMed was searched using the following keywords ((heart fail-
ure AND left ventricular dysfunction) AND aspirin) OR ((“heart 
failure” [Mesh] OR cardiac failure OR heart decompensation 
OR myocardial failure) AND “ventricular dysfunction, left” 
[Mesh]) AND (“ASA” [Mesh] OR acetylsalicylic acid OR acid, 
acetylsalicylic OR 2-(acetyloxy)benzoic acid OR acylpyrin OR 
aloxiprimum OR colfarit OR dispril OR easprin OR ecotrin OR 

endosprin OR magnecyl OR micristin OR polopirin OR polopir-
yna OR solprin OR solupsan OR zorprin OR acetysal). A Google 
Scholar search was performed using the keywords “congestive 
heart failure”, “ventricular dysfunction” AND “aspirin”. The re-
sults were scanned to remove duplicate articles. We also used the 
“related article” feature on PubMed, along with a manual search 
of references, to identify additional studies. Only studies with 
full text available were included. We reviewed the full text of 
all relevant articles. English translations, if necessary, were ob-
tained. Titles and abstracts were independently reviewed by two 
reviewers (SJ and UM) and cross-verified for inclusion. Details 
of the search strategy are reported in Figure 2.

Inclusion and exclusion criteria

Prospective or retrospective studies were included if they met 
the following inclusion criteria: 1) The study population includ-
ed patients with a pre-existing diagnosis of CHF of any etiol-
ogy. 2) The study compared ASA to no ASA or placebo. Studies 
that included two doses of ASA (low and high) were included 
as long as they were both compared against a third group that 
did not have ASA. When we encountered studies comparing 
groups of patients on ACEi with and without ASA to patients 
on ASA alone, we only included comparable groups, e.g., pa-
tients on ACEi with or without ASA. 3) The outcomes included 
one or both of the following: all-cause mortality and the rate of 
hospitalizations for HF. 4) We included studies irrespective of 
the dose of ASA used, co-morbidities and other medications.

Data extraction

Sania Jiwani extracted data from individual studies includ-

Figure 1. The use of aspirin in heart failure is complicated by the interaction of aspirin with goal-directed medical therapy in heart 
failure and the multiple pathophysiologic mechanisms in heart failure. The hard outcomes of aspirin use in patients with heart fail-
ure therefore have to do with the balance of such interaction and the homeostasis between bleeding and anti-thrombotic effects 
of aspirin. This study summarizes the mortality and heart failure outcomes with aspirin use in heart failure patients.
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ing: 1) publication details, i.e., first author’s last name, geo-
graphical region and year of publication; 2) study design; 3) 
characteristics of the study population including: age, sex, co-
morbidities (hypertension (HTN), DM, IHD, Afib) and medi-
cations (ACEi, BB, nitrate, oral anticoagulant (OAC)); and 4) 
adjusted hazard ratio (HR) with 95% confidence interval (CI). 
Event rates with sample size were extracted for the endpoints 
all-cause mortality and HF readmissions. Most studies used a 
Cox proportional hazards analysis or propensity score match-
ing to calculate adjusted HR, which was considered the best 
estimate of the odds ratio (OR). Wherever reported, adjusted 
risks were used for the analysis. A second reviewer, Usman 
Mustafa, then verified all of the extracted data.

Quality assessment

The quality of each study and the risk of bias were evaluat-
ed using the Newcastle-Ottawa quality assessment scale for 
non-randomized studies. The following characteristics were 
assessed for sources of bias: 1) patient selection, including 
definitions of exposure and representation with respect to the 
larger population; 2) comparability of study groups and con-
trolling for confounding factors by design or analysis; and 3) 

assessment and documentation of outcome, including duration 
and loss of follow-up. Studies were graded as “poor” if they 
met four or fewer of the nine criteria, “fair” if they met five to 
six criteria and “good” if they met more than six criteria. For 
uniformity, all studies, regardless of study design, underwent 
quality bias assessment using the retrospective cohort scoring 
tool.

Statistical analysis

We used Comprehensive Meta-Analysis version 3 (Biostat, 
Englewood, NJ) to perform all the analyses. OR with 95% CI 
or adjusted HR was calculated using random effects model [9]. 
Statistical heterogeneity was determined using Q statistic and 
I2 index as proposed by Higgins and Thompson in their study 
[10]. An I2 of more than 56% or a Q test value at 5% was con-
sidered significant for heterogeneity [11]. A meta-regression 
analysis was performed when needed to investigate the factors 
contributing to heterogeneity. We adopted a weighted regres-
sion random effect model and carried out a univariate regres-
sion based on factors shown to affect mortality in HF and on 
availability of data for the majority of the studies included. 
A P value < 0.05 was considered statistically significant for 

Figure 2. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart of selection.
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all analyses. An Egger test with funnel plots of HR against 
standard error was used to evaluate for publication bias. We 
also performed a one-way sensitivity analysis of outcomes to 
estimate the effect of each study on all-cause mortality.

This is a meta-analysis of previously published studies. 
Hence, approval from the Institutional Review Board was not 
required.

Results

The keyword search yielded 346 studies. Additional studies 
were identified via manual cross-referencing of these stud-
ies. Application of the pre-specified inclusion criteria to all of 
these studies resulted in the inclusion of 14 studies in the final 
analysis [4, 12-24]. Details of the studies included are listed in 
Table 1. Six studies directly compared ASA to no ASA or pla-
cebo. Five studies compared ACEi with ASA to ACEi without 
ASA. Three studies had more than one ASA group: low dose 
and high dose. However, the high dose ASA group for one of 
these studies was not included as it was relatively small and 
not propensity matched.

Out of the total 14 studies, 10 were observational, one was 
a randomized control trial (RCT) and the remaining three were 
retrospective analyses of previous RCTs in which patients 

were not originally randomized based on the use of ASA.
Four studies were excluded from our study for the fol-

lowing reasons. 1) McAlister et al [25]: sizes of subgroups 
(patients on ASA with or without ACEi) not given and mor-
tality outcome reported only for subgroups; cohort character-
istics reported based on survival and HF readmission, not use 
of ASA. 2) De Boer et al [26]: cohort characteristics reported 
based on survival, not use of ASA. Neither the 3) WATCH trial 
[27] nor the 4) HELAS study [28] had placebo groups.

All-cause mortality and HF hospitalizations with ASA use

The combined study population included 64,550 patients. The 
baseline characteristics of these patients are reported in Sup-
plementary Material 1 and 2 (www.jocmr.org). All-cause mor-
tality was reported in 13 studies (64,172 patients) and found to 
be significantly lower in patients with CHF that were on ASA 
compared to those not on ASA (OR: 0.894, 95% CI: 0.831 - 
0.962, P = 0.003, I2 = 66.70; Table 2 and Fig. 3). Hospitali-
zation for HF was reported in eight studies (56,270 patients). 
No significant difference was found in the frequency of hos-
pitalization for HF in patients with CHF based on the use of 
ASA (OR: 0.91, 95% CI: 0.798 - 1.037, P = 0.156, I2 = 83.48; 
Table 2 and Supplementary Material 3, www.jocmr.org). Ex-

Table 2.  Results of Meta-Analysis for Effect of Aspirin on All-Cause Mortality and Hospitalization for Heart Failure in Patients With 
CHF

Endpoint Odds ratio 95% CI P value I2

All-cause mortality 0.894 0.831 - 0.962 0.003 66.70
Hospitalization for heart failure 0.91 0.798 - 1.037 0.156 83.48

CHF: congestive heart failure; CI: confidence interval.

Table 1.  Details of Studies Included in the Final Meta-Analysis

First author, year Region Study popula-
tion included Study design Mean follow-

up (months)
Outcome 
reporteda

Quality 
assessment score

Madelaire et al, 2018 [12] Denmark 7,680 Retrospective cohort 20.4 1, 2 8
Bermingham et al, 2014 [13] Ireland 1,476 Retrospective cohort 31.2 1, 2 8
Krumholz et al, 2001 [14] USA 1,110 Retrospective cohort 12 1, 2 8
Cleland et al, 2004 [15] UK, USA 190 Randomized control trial 27 1 7
Al-Khadra et al, 1998 [16] USA 6,512 Randomized control trial 37.4 - 41.4 1 7
Harjai et al, 2003 [17] USA 272 Observational 28 1 8
Harjai et al, 2001 [18] USA 378 Observational 13 2 8
Aumegeat et al, 2003 [19] France 693 Retrospective cohort 66.5 1 8
Chang et al, 2010 [20] USA 7,599 Randomized control trial 38 1, 2 9
Chin et al, 2016 [4] France 2,737 Randomized control trial 21 1, 2 7
Pedone et al, 2005 [21] Italy 269 Observational 12 1 7
Khalil et al, 2018 [22] UK 11,278 Retrospective cohort 60 1, 2 7
Guazzi et al, 2003 [23] Italy 344 Retrospective cohort 37.6 1 7
Masoudi et al, 2005 [24] USA 24,012 Retrospective cohort 12 1, 2 7

aOutcome reported: 1: all-cause mortality; 2: hospitalization for heart failure.
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amination of the funnel plot for these studies did not reveal any 
publication bias (Supplementary Material 4 and 5, www.jocmr.
org). In the sensitivity analysis, the omission of each study did 
not make a significant difference (Fig. 4), confirming the sta-
bility of our results.

Outcomes of ASA in CHF patients - interaction of ASA 
with other HF medications

The effect of ASA on the two endpoints in patients with CHF 
was further analyzed using meta-regression analyses for age, 
sex, HTN, DM, IHD, Afib, the concurrent use of ACEi, BB, ni-
trates and OAC. The results are summarized in Supplementary 
Material 6 and 7 (www.jocmr.org).

The studies did not report individual outcomes based on age, 
gender or race. Therefore, we used meta-regression analyses to 
study the interaction of these variables with the effect of ASA.

Information regarding age and gender of the study popu-
lation was available in 12 and 14 studies respectively out of 
the total of 14 studies. Information regarding race of the study 
population was available in less than 50% of the included stud-
ies. Thus, meta-regression analysis for the variable race was 
not performed.

The variables of age, sex, HTN, DM, IHD, Afib, ACEi 
and BB had no significant interaction with the effect of ASA 
on mortality in these patients. However, in studies with a larger 
percentage of patients on nitrates and OAC, it was observed 
that ASA conferred highly beneficial effects against mortality. 
This is shown in Figures 5 and 6.

The variables of age, sex, HTN, DM, IHD, Afib, ACEi, 
BB and nitrates had no significant association with the effect 
of ASA on hospitalization for HF in these patients. However, a 

significantly lower rate of hospitalization for HF was observed 
with the concurrent use of OAC and ASA. This is shown in 
Supplementary Material 8 (www.jocmr.org).

Discussion

The results of this meta-analyses show that ASA reduces all-
cause mortality in patients with CHF with no increase in the 
frequency of hospitalization for HF. Demographic factors and 
the presence of co-morbidities including HTN, DM and Afib 
did not affect the positive benefit of ASA in these patients. Sur-
prisingly, this effect was not influenced by the percentage of 
patients with IHD in the studies, suggesting that this effect is 
not mediated through the known benefits of the drug in CAD. 
Any benefit of ASA in CHF of non-ischemic etiologies has not 
been reported in the literature.

HF and thrombosis

HF is now widely recognized to be a pro-thrombotic and in-
flammatory state, conferring an increased risk of stroke and 
thromboembolic events. A meta-analysis of 26 studies reported 
the incidence of ischemic stroke in individuals with CHF to be 
approximately 18 per 1,000 cases during the first year after di-
agnosis of CHF, and almost 50 per 1,000 cases of CHF by 5 
years, which is significantly higher than that among the gen-
eral population or in individuals with Afib on anticoagulation 
[29]. The extremely high prevalence of Afib with concomitant 
CHF may be a contributing factor to these observations [30]. 
Virchow’s triad describes the three components that predispose 
thrombogenesis - abnormal blood flow, endothelial dysfunction 

Figure 3. Forest plot of the odds ratio (OR) of all-cause mortality with the use of aspirin in patients with congestive heart failure. 
The overall significance of the results (OR: 0.894, 95% confidence interval (CI): 0.831 - 0.962, P = 0.003), with the heterogeneity 
(I2 = 66.70%). The estimate of the OR of each study corresponds to the middle of the squares, and the horizontal line shows the 
95% CI. Pooling model using random (I-V heterogeneity) and the pooled OR estimated by weighting methods.
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and a hypercoagulable state, all of which have been shown to 
play a role in CHF [31]. Several studies have demonstrated evi-
dence of augmented and persistent activation of endothelium, 
platelets and the coagulation cascade in the setting of CHF [32, 
33]. Compared to those in normal controls, levels of B-throm-
boglobulin, thrombin-antithrombin III complexes and D-dimer 
are increased in patients with CHF, irrespective of its etiology. 
Circulating von Willebrand factor levels have been shown to 
be higher in individuals with CHF, which also correlates with 
poorer clinical outcomes [32]. Patients with CHF have signifi-
cantly higher levels of soluble P-selectin as well as expression 
of platelet-bound P-selectin compared to controls. However, the 
use of ASA did not appear to affect this disparity in P-selectin 
in this study [34]. These findings are suggestive of unexplained 
activation of the inflammatory and pro-thrombotic systems in 
patients with CHF. Therefore, it is not surprising that ASA with 
its anti-inflammatory and anti-thrombotic properties is benefi-
cial in patents with CHF, as demonstrated by our meta-analysis.

ASA and goal-directed medical therapy in HF

Based on conclusions drawn from data in prior studies, most of 
which were not founded on hard outcomes, ASA was thought 

to be harmful in patients with CHF due to its interaction with 
ACEi. However, our meta-regression analysis showed no sta-
tistically significant interaction with the use of ACEi or BB 
on the survival benefit from ASA in patients with CHF. An 
interesting result of our meta-regression analysis was that the 
survival benefit of ASA is higher in patients who concurrently 
use nitrates. The literature contains no previously known re-
ported or studied interaction between ASA and nitrates. Fur-
ther focused studies are needed to study this potential inter-
action. However, the effect of nitrates on platelets has been 
studied in the past. It was found that nitrates, via cGMP, inhibit 
the increase in cytosolic free calcium concentration in platelets 
induced by exposure to serotonin, vasopressin and platelet-
activating factor [35]. This rise in the cytosolic free calcium is 
thought to be the principal mediator of platelet aggregation. In 
the context of augmented platelet activity in CHF as discussed 
above, this action may explain the synergistic effect of nitrates 
and ASA observed in our meta-analysis.

ASA and oral anticoagulation in HF patients

The reduction in mortality conferred by ASA in patients with 
HF was higher when the patients were also on OAC. Although 

Figure 4. One-way sensitivity analysis of all-cause mortality. In this analysis, the omission of each study did not make a signifi-
cant difference, confirming the stability of our results.
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Figure 5. Meta-regression analysis for nitrates on all-cause mortality. Plot shows the log odds ratio (OR) of all-cause mortality 
against the use of nitrates in the studies. Each individual circle denotes the log of the OR (graphed on y-axis) of all-cause mor-
tality based on the percentage of nitrate use in the study population (graphed on x-axis). The size of the circle denotes the size 
of the total study population. The regression line denotes that the all-cause mortality decreases as the proportion of patients on 
nitrates increases.

Figure 6. Meta-regression analysis for oral anticoagulant (OAC) on all-cause mortality. Plot shows the log odds ratio (OR) of 
all-cause mortality against the use of OAC in the studies. Each individual circle denotes the log of the OR (graphed on y-axis) 
of all-cause mortality based on the percentage of OAC use in the study population (graphed on x-axis). The size of the circle 
denotes the size of the total study population. The regression line denotes that the all-cause mortality decreases as the propor-
tion of patients on OAC increases.
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ASA did not have a significant effect on hospitalization for HF 
in our meta-analysis, there was a significant relationship be-
tween ASA and OAC use in the included studies and reduced 
odds for hospitalization for HF. In view of the increased inci-
dence of strokes and thromboembolic events in patients with 
CHF, the use of OAC in CHF has been an area of interest and 
the focus of multiple studies. A meta-analysis including five tri-
als and a total of 9,390 patients concluded a decreased risk of 
stroke and a higher risk of bleeding with the use of OAC, but 
no effect on mortality, hospitalizations or the risk of myocar-
dial infarction [36]. While some researchers continue to moni-
tor whether ASA may increase bleeding events when used in 
patients with HF, this was addressed in very few of the studies 
included. Madelaire et al [12] and Khalil et al [22] reported no 
difference in major bleeding events with the use of ASA. Cle-
land et al [8] found a higher incidence of minor hemorrhage in 
patients on ASA compared to those not taking ASA. The varia-
tion in definition and severity of bleeding events in these studies 
may explain the difference in results of the individual studies.

Dose of ASA in HF

The dose dependency of adverse effects of ASA in patients 
with CHF has been studied extensively. Glomerular filtration 
rate (GFR), sodium excretion and renal clearance are signifi-
cantly lower with higher doses of ASA, with suggested clini-
cal importance occurring not only at doses above 160 mg, but 
even at a dose of 80 mg in patients with CHF [37]. The dose of 
ASA used was not reported in most of the studies in our meta-
analysis, but where available, varied from 75 to > 300 mg/day. 
The dose-dependent effect of ASA on the outcome of mortality 
was investigated in three of the studies included in the meta-
analysis, albeit the dose classification was not consistent. Ber-
mingham et al [13] found a reduced mortality risk in patients 
taking low-dose ASA (75 mg/day) compared to non-ASA us-
ers that was not seen in the cohort on high-dose ASA (> 75 mg/
day). Guazzi et al [23] reported that the combination of high-
dose ASA (≥ 325 mg) with an ACEi, but not low-dose ASA (≤ 
160 mg), was independently associated with higher mortality. 
On the other hand, in a study by Khalil et al [22], no difference 
in outcomes was seen between low-dose (≤ 75 mg/day) ASA 
and high-dose ASA (> 75 mg/day), but low-dose ASA use 
conferred reduced mortality as compared to ASA non-users. 
However, in this study, the number of patients in the high-dose 
ASA cohort was relatively small and not propensity matched.

Limitations

This is a meta-analysis including observational studies and 
therefore carries the inherent limitations of the study design. 
All variables and outcomes were not reported in all the studies, 
resulting in a lower power. A small number of studies reported 
only rates for the outcomes measured and not adjusted HR. 
The dose of ASA used varied in the studies included in the 
meta-analysis and was not reported in all of them. Some of the 
studies tested ACEi with or without ASA, adding to the hetero-
geneity of studies. Although we found that ASA use was more 

beneficial against mortality in studies with a larger percentage 
of patients on nitrates, the specific nitrate drugs that were used 
in the studies could not be ascertained. Finally, some of the 
studies included patients from the 1990s when goal-directed 
medical therapy for CHF was not well defined and therefore 
BBs were under-utilized. Our meta-regression analysis did not 
show any interaction between ASA and BB on mortality and 
HF hospitalization outcomes in the trials. Moreover, despite 
this limitation, the findings offer an interesting finding that 
should be explored further with well-designed RCTs.

Conclusions

The use of ASA is safe in CHF and it does not interfere with 
the cardio-protective benefits of other medications as was 
feared in the past. ASA may have beneficial effects on mortal-
ity and possibly even the frequency of hospitalization for HF 
in patients with CHF of all etiologies. The benefits of ASA in 
CHF need to be explored further to provide evidence for more 
specific guidelines.
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to the middle of the squares, and the horizontal line shows the 
95% confidence interval (CI). Pooling model using Random 
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Suppl 4. Begg’s funnel plot for the meta-analysis of all-cause 
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inversely corresponds to study size. Asymmetry of the plot can 
indicate publication bias.
Suppl 5. Begg’s funnel plot for the meta-analysis of heart fail-
ure hospitalizations comparing aspirin and no aspirin in seven 
studies. P value for the Begg test was 0.999. Log of odds ra-
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Mortality
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Suppl 8. Meta-regression analysis for OAC on heart failure 
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hospitalizations. Plot shows the log odds ratio of heart failure 
hospitalizations against the use of OACs in the studies.
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