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a b s t r a c t 

Coronary heart disease (CHD) is the most common underlying risk factor for heart failure (HF); up to 

one-third of the patients who are hospitalized for HF each year in the United States have a history of 

myocardial infarction (MI). Although silent MI (SMI) could account for up to one-half of all MIs, only a 

few studies examined the relationship between SMI and risk of HF. These few studies agreed on their 

conclusions that SMI is associated with increased risk of HF. However, there was less agreement on the 

magnitude of risk and the sex differences in the association between SMI and HF, which is probably 

due to the heterogeneity in how these studies defined SMI. This report summarizes and discusses the 

current evidence linking SMI to HF, the impact of the methods by which SMI is defined on the reported 

relationship between SMI and HF, the potential mechanisms for such relationship, the implications of 

these findings, and the gaps in knowledge that need to be addressed. 

© 2018 Elsevier Inc. All rights reserved. 
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ntroduction 

Up to one-half of myocardial infarctions (MIs) go undetected at

he time of occurrence then later discovered as part of routine clin-

cal care, cardiac evaluation of emerging cardiovascular symptoms

r as part of research studies [1,2] . Most of the studies examined

he prognostic significance of these silent MIs (SMIs) or unrecog-

ized MIs (UMIs) focused on investigating their associations with

ardiovascular and total mortality, and only a few studies extended

heir investigations to include cardiovascular morbidity including

eart failure (HF) [3–6] . Currently, 6.5 million patients suffer from

F in the United States, and projections show that this number

ill increase by at least 46% by 2030 [7] . Fueling this epidemic of

F is the improved survival of patients after acute MI making coro-

ary heart disease (CHD) the leading underlying risk factor for HF

8] . This underscores the importance of studies investigating the

ink between SMI or UMI and HF. 

erminology 

There is no consensus on whether SMI or UMI is a better term

o describe the objective accidental finding of MI in an individ-

al who denies having a prior MI. According to The Task Force

or Third Universal Definition of Myocardial Infarction, in asymp-
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omatic patients who develop new pathologic Q wavs criteria for

I detected during routine ECG follow-up, or reveal evidence of MI

y cardiac imaging, that cannot be directly attributed to a coronary

evascularization procedure, such MI should be termed “Silent MI”

9] . On the other hand, the term “Unrecognized MI” was the pre-

erred term used by the American Heart Association (AHA) Council

n Epidemiology and Prevention; AHA Statistics Committee; World

eart Federation Council on Epidemiology and Prevention; the Eu-

opean Society of Cardiology Working Group on Epidemiology and

revention; Centers for Disease Control and Prevention; and the

ational Heart, Lung, and Blood Institute in their statement on the

efinitions for acute coronary heart disease in epidemiology and

linical research studies [10] . The 2018 Fourth Universal Definition

f Myocardial Infarction Task Force used "Silent/Unrecognized MI"

hich implies the appropriate use of both terms interchangeably

11] . Despite the lack of agreement on terminology, it is surpris-

ng to see that some healthcare providers and clinical investigators

trongly argue for one term over the other to the extent that they

otally dismiss the other term. 

Generally, the “Unrecognized MI” terminology acknowledges 

he possibility of occurrence of symptoms at the time of the event

hat might have been too mild or atypical to push the patient

o seek medical advice or to get the attention of the healthcare

roviders, and hence the MI went “unrecognized” to later be dis-

overed. On the other hand, the “Silent MI” terminology makes a

ood contrast with the MI with full-blown picture that is hard to

gnore by the patient and easy to pick by the healthcare providers.

https://doi.org/10.1016/j.tcm.2018.09.004
http://www.ScienceDirect.com
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The term “Silent MI” , hence, overcomes any implied blame on the

patients for misinterpreting their symptoms and not seeking timely

medical advice, or on the healthcare providers who might have un-

derestimated the symptoms. In research settings, it has been sug-

gested that “Unrecognized MI” terminology should be reserved for

MIs ascertained only in the cross-sectional studies. This is because

“Unrecognized MI” is mostly defined in these studies as objective

evidence of MI in the absence of self-reported history (lack of self-

recognition) of MI. On the other hand, it has been suggested that

the term “Silent MI” should be reserved for the longitudinal stud-

ies with multiple follow-up visits which have serial comparisons of

cardiac investigations and the ability to objectively confirm the ab-

sence of clinical MIs. However, these suggestions have never been

consistently applied, and both terms continue to be used inter-

changeably in studies using exactly the same definitions [3–6,12–

15] . 

Regardless of the personal preferences and beliefs about which

term is more appropriate, it must be realized that our current

knowledge on this topic is derived from studies which used both

terms interchangeably without distinction. Therefore, while it may

be reasonable to prefer one term, it is not appropriate to totally

dismiss the other. Also, it may not be practical at this point to stan-

dardize the terminology given the magnitude of prior studies and

the evidence they generated using mixed terms. After all, when we

say potato, potahto, tomato, tomahto we still know what each term

means! 

Current evidence of the link between SMI and HF 

The PubMed, MEDLINE, Google Scholar, Web of Science

databases were searched for published manuscripts until April 30,

2018 which include any of the terms “unrecognized”, “silent” or

“subclinical” linked to “myocardial infarction” or “myocardial in-

jury” . Only original research with reported results on the associa-

tions between SMI and HF as a separate outcome were considered.

Table 1 provides a summary of these studies and their findings. In

brief, the few studies which examined the risk of incident HF with

SMI as a separate outcome reached a similar conclusion that SMI

is associated with increased risk of HF. However, there have been

differences in the strength of association and conflicting results re-

garding the sex differences in the association between SMI and HF.

The Framingham Heart Study reported on the risk of HF asso-

ciated with SMI (referred to as UMI in the study) in 2,252 men

and 2,818 women who were recruited in 1948 and followed for

up to 34 years [3] . UMI was said to be present if routine biennial

ECG showed a new MI that was not present in previous ECG trac-

ings without either the patient or the attending physician raising

the possibility that a clinical MI occurred in the time between the

ECGs. The observed incidence of HF was 12.6% and 23.6% in women

with UMI and recognized MI, respectively. In men, the incidence of

HF was 34.4% and 23.3% for UMI and recognized MI, respectively.

The increased risk of HF after UMI compared with recognized MI

was significant in men but not in women [3] . Because the study

was not intended to focus on only the relationship between UMI

and HF, the authors reported the aforementioned incidence rates

without reporting models adjusted for cardiovascular risk factors. 

In the Rotterdam Study, UMI at the study baseline (1990–1993)

was defined as the presence of ECG-evidence of MI in the absence

of a self-reported history of MI in 2,581 men and 3,724 women

who were followed until October 2006 [4] . ECG-evidence of MI

was defined based on the Minnesota ECG Classification with some

modifications [16] . Based on the presence of baseline UMI and his-

tory of MI, participants were classified as those with UMI, recog-

nized MI, and those without MI. Participants were followed-up for

incident HF for a median of 13.2 years. During follow up, 823 cases

of HF occurred [403 (15.6%) in men vs. 420 (11.3%) in women]. Cu-
ulative incidence rates of HF after 15 years of follow-up were 17%

or no MI, 37% for UMI and 39% for recognized MI in men. These

ncidence rates were lower in women: 11% for no MI, 13% for UMI,

nd 28% for recognized MI. In multivariable-adjusted models, both

ecognized, and UMIs were associated with increased risk of HF in

en [HR (95%CI) 2.6 (2.0, 3.3) and 2.1 (1.5, 2.9), respectively. In

omen, recognized MI was associated with HF [HR (95%): 2.8(1.9,

.1)], but the association with UMI did not reach statistical signifi-

ance [HR (95%CI): 1.1 (0.7, 1.7)]. 

In an early report from the ARIC (Atherosclerosis Risk In Com-

unities) study, the risk of incident HF was examined in 7,659

omen and 5,896 men who were free from self-reported history

f CHD at baseline (1987–1989) then followed up until Decem-

er 2002 [5] . SMI was defined as presence of old MI by Novacode

CG Classification [Novacode 5.1 to 5.4, major Q waves or minor

 waves with major ST-T abnormalities] at the baseline ECG [17] .

uring follow-up, 951 HF occurred [489 (6.4%) in women vs. 462

7.8%) in men]. In a multivariable-adjusted model, the association

etween SMI with HF was significant in men [HR (95% CI):1.59

1.04–2.44)] but not in women [HR (95% CI): 1.76 (0.85–3.62)] but

he difference in hazard ratios (HRs) seemed to be non-significant

5] . 

In a more recent and detailed report from the ARIC study, the

isk of HF was examined among 3,960 men and 5,283 women who

ere free of CHD at baseline (1987–1989) then followed up until

ecember 31, 2010 [6] . Based on data from biennial ECGs recorded

uring four study visits as well as data on clinical MI obtained by

eview of hospital records, SMI was defined as presence of new MI

y Minnesota ECG Classification in one visit in the absence of adju-

icated clinical MI in the period before [16] . Participants were then

lassified as having SMI, clinical MI (CMI) or no MI. A total of 976

F events occurred from the fourth visit (1996–1998) until the end

f follow up in December 31, 2010. Although incident HF occurred

ore frequently in men than women [456 (11.5%) occurred in men

s. 520 (9.8%) in women], the association between MI [whether

MI or CMI] and HF was stronger in women than men. In women,

ncident HF occurred in 9.1% for no MI, 18.8% for SMI and 41.4%

or clinical MI. On the other hand, men had incident HF of 10.1%

or no MI, 16.9% for SMI, and 27.9% for CMI. In a model adjusted

or demographics and HF risk factors, both SMI [HR (95%CI): 1.35

1.02, 1.78), and CMI (HR (95%CI): 2.85 (2.31, 3.51)] were associated

ith increased risk of HF, compared with no MI. The risk of HF as-

ociated with SM was slightly stronger in women than that in men

HR (95%CI): 1.57 (1.05–2.35) vs. 1.19 (0.81–1.74)], which is oppo-

ite to that reported in the Framingham and Rotterdam Studies. 

ethodological considerations in interpreting research on SMI 

The reported rates of SMI varied widely among studies ranging

rom 4% to more than 57% of the total MIs [1,2] . Also, while some

tudies showed that SMI carries a worse prognosis than recognized

I, others showed the opposite [1] . Although these wide variations

n the reported incidence rates and prognostic significance of SMI

ould be partially attributed to differences in populations at risk,

t is unlikely that these differences among populations at risk are

he main driving factors. This is because most of the studies that

xamined the epidemiology of SMI used age adjusted rates and ad-

usted for CVD risk factors such as diabetes, hypertension, obesity

nd smoking in their risk estimate models. Also, many of these

actors are not significantly different among the studies listed in

able 1 that examined the associations between SMI and HF. For

xample, the prevalence of diabetes in the Rotterdam Study and

RIC Study (about 9% vs. 8%, respectively), and the prevalence of

ypertension in the Framingham Heart Study and the ARIC study

about 28% vs. 30%, respectively) were not markedly different. On
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Table 1 

Studies investigating the association between silent myocardial infarction and heart failure. 

Study Sample Methods of Defining MI Risk of HF associated with MI by type Comments 

Women Men Silent MI Recognized MI Women Men 

The Heart 

Framingham Study [ 3 ] 

2,818 2,252 New pathological Q wave ≥ 0.04 s 

during the biennial 

Self-reported history and 

participants’ physicians 

Incident HF in: 

UMI: 12.6% 

Recognized MI: 23.6% 

Incident HF in: 

UMI: 34.4% 

Recognized MI 23.3% 

Up to 34 Y follow up 

The study reported only 

incident rates of HF. 

Proportion of age adjusted UMI 

out of total MIs: 37.6% in 

women; 28.8% in men. 

The Rotterdam Study 

[ 4 ] 

3,724 2,581 Baseline ECG evidence of MI using 

a modification of the Minnesota 

ECG Classification 

Self-reported history and 

participants’ physicians 

Incident HF in: 

UMI: 13% 

Recognized MI: 28% 

Adjusted HR (95%CI): 

UMI: 1.1 (0.7, 1.7) 

Recognized MI: 2.8 (1.9, 4.1) 

compared to no MI 

Incident HF in: 

UMI: 37% 

Recognized MI: 39% 

Adjusted HR (95%CI): 

UMI: 2.1 (1.5, 2.9): 

Recognized MI: 2.6 (2.0, 3.3) 

compared to no MI. 

Median follow up 13 Y 

HF events: 403 (15.6%) in men; 

420 (11.3%) in women 

Proportion of UMI out of total 

MIs: 65.1% in women; 36.8% in 

men. 

The ARIC Study [ 5 ] 7,659 5,896 Baseline ECG evidence of MI using 

Novacode ECG classification 

Self-reported history OF 

CHD which was an 

exclusion criteria 

Adjusted HR (95%CI): 

SMI: 1.76 (0.85, 3.62) compared 

to no MI 

Adjusted HR (95%CI): 

SMI:1.59 (1.04–2.44) compared 

to no MI 

Mean follow up 14 Y 

HF events: 489 (6.4%) in 

women; 462 (7.8%) in men 

Participants with baseline CHD 

(n = 545) were excluded, and 

hence the exact proportion of 

SMI (n = 217) at baseline out of 

the total MI cannot be 

accurately calculated 

The ARIC Study [ 6 ] 5,283 3,960 ECG-evidence of MI using the 

standard of Minnesota ECG 

Classification during four biennial 

study visits 

Review of hospital 

discharge records by an 

adjudication committee 

Incident HF in: 

SMI: 18.8% 

Clinical MI: 41.4% 

Adjusted HR (95%CI): 

SMI: 1.57 (1.05–2.35) 

Clinical MI: 3.64 (2.58–5.14) 

compared to no MI 

Incident HF in: 

SMI: 16.9% 

Clinical MI: 27.9% 

Adjusted HR (95%CI): 

SMI: 1.19 (0.81–1.74) 

Clinical MI: 2.54 (1.95–3.29) 

compared to no MI 

Median follow up 13 Y 

HF events:456 (11.5%) in men; 

520 (9.8%) in women 

Proportion of age adjusted 

incident SMI out of total MIs: 

60.5% in women; 41.3% in men. 

UMI = Unrecognized myocardial infarction; ECG = Electrocardiogram; HR = Hazard ratio; CI = Confidence interval; ARIC = Atherosclerosis Risk In Communities, Y = Year. 
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the other hand, the method by which SMI is defined seems to play

a more critical role. 

SMI in its most straightforward definition is an MI that escapes

clinical recognition at one point to be discovered later. Despite the

simplicity of the definition, the “devil is in the details ”. The diagno-

sis of SMI requires two pieces of information. First, excluding pa-

tient’s knowledge of or existence of documentation for a prior MI.

Second, recent documentation of the occurrence of that prior MI

despite lack of knowledge by the patient of its occurrence. Each

one of those two pieces of information could be obtained using

different methods that create heterogeneity among studies investi-

gating SMI. 

Excluding patient’s knowledge of or existence of documentation

for a prior MI could be done using self-reported history of a prior

MI [13] or by review of hospitalizations records by a group of ex-

perts i.e. adjudication committee [18] . The self-reported history of

a prior MI is liable to recall bias and misclassification, but it is a

convenient and sometimes the only available method in popula-

tion studies. On the other hand, review of hospitalization records

by an adjudication committee is better but could be a logistically

challenging approach. The Rotterdam Study [4] used baseline self-

reported history supplemented by additional clinical information

from the participant’s physician but no review of hospital records.

This process is similar to what was done in the Framingham Heart

Study [3] . However, the Framingham Heart Study had the advan-

tage of extending this process to multiple follow-up visits and not

limiting it to the baseline visit only. On the other hand, the recent

publication from the ARIC study [6] excluded the possibility of a

prior recognized MI by reviewing hospital records by an adjudica-

tion committee during over ten years of follow up, which is the

most accurate. 

Similarly, documenting the occurrence of a prior MI could be

obtained using different methods. Although ECG has been and re-

mains the most common method for detection of SMI in both clin-

ical and research settings, cardiac imaging such as echocardiog-

raphy, nuclear imaging, or magnetic resonance imaging has been

used to detect SMI [1,2] . Expectedly, different cardiac examination

modalities could yield different SMI rates. Results from the Fram-

ingham Heart studies have shown that 10% of the anterior and

25% of inferior MIs lose their ECG signs within two years [3] . This

means that many of the cases of SMI would go undetected with

long intervals between ECG visits, and hence imaging would be

a better method for these cases. This was proved true in a re-

cent study showing low diagnostic accuracy of ECG to diagnose

SMI compared to late gadolinium enhancement cardiac magnetic

resonance (LGE-CMR) [sensitivity = 9.7%, specificity = 98%, positive

predictive value = 27%, and negative predictive value = 92%] [19] . 

Even with using the same cardiac investigation modality, het-

erogeneity in SMI ascertainment remains a major issue given lack

of standard approaches to defining SMI. The ECG, which was used

in all of the studies examining the association between SMI and

HF, could be used in different ways to define MI. ECG-evidence

of MI could be made based on the judgment of a cardiologist as

a clinical diagnosis or based on specific standard criteria such as

the Minnesota ECG Classification or Novacode ECG Classification

[16,17] . Although all standard ECG classifications define MI based

on predetermined criteria defining pathological Q, still there are

differences in these criteria and how they are applied within the

same ECG classification. For example, ECG-MI could be defined by

Minnesota ECG Classification, the most commonly used ECG clas-

sification in population studies, as presence of a major Q/QS wave

abnormality [MC1.1 or MC1.2] or minor Q/QS waves abnormality

[MC 1.3] with major ST-T abnormality [MC 4.1, MC4.2, MC5.1 or

MC5.2] [16] . Utilizing that definition, SMI could be defined as the

presence of ECG-MI by Minnesota code at one point in time in

the absence of a prior history of self-reported MI. This approach
as been used in cross-sectional studies [12,13,20] . When multiple

xam visits are available in longitudinal studies, the same ECG-MI

efinition also could be used to define new silent MI. In that case,

ew silent MI in a follow-up visit could be defined as the presence

f evidence of ECG-MI by Minnesota code in that visit without ev-

dence of a prior ECG-MI or clinical MI in a prior visit [6,18] . An-

ther more specific approach that also uses Minnesota ECG Classi-

cation is called Q/ST/T serial changes [21,22] . This approach takes

nto account not only developing new ECG-MI by Minnesota code

s previously defined in a follow-up visit but also requires sig-

ificant changes in the amplitude and/ or duration of the Q/ST/T

aveforms. Minor modifications to each of these approaches have

lso been reported. For example, instead of defining new MI from

erial changes as codes Q1-Q7, using Q1-Q8 has been used [23,24] .

In the Framingham Heart Study [3] , MI from the ECG was de-

ned as Q wave ≥ 0.04 s or loss of initial QRS in leads in which this

ould not have expected to occur. Interim myocardial infarction

as said to occur when changes from a previous tracing showed

lear loss of R-wave potential or the appearance of pathologic Q

ave without another explanation. Notably, participants with UMI

ere further sub-classified as SMI if they do not recall any symp-

oms suggestive of acute coronary event or atypical infarction if

hey reported interim symptoms that could be MI [an alleged gall-

tone attack, peptic ulcer, or a hiatus hernia]. This means that not

ll UMI were indeed SMI. 

On the other hand, the Rotterdam Study [4] used the Minnesota

CG classification to define MI [16] . The diagnosis of MI was driven

y pathologic Q waves and secondary criteria such as QR ratio and

-wave progression. However, ST-T abnormalities were not consid-

red but were taken into account by the clinicians validating the

iagnosis of MI based on ECG. Omitting the ST-T abnormalities and

epending on the clinicians for that part deviates from the basic

rinciples of the Minnesota ECG Classification. 

Unlike the Rotterdam Study, the recent publication from the

RIC study [6] applied the rules of Minnesota ECG classification

n defining MI as supposed to be in each of the follow-up vis-

ts and not only at baseline. That is to say, ECG evidence of MI

as defined as new appearance of a major Q/QS wave abnormal-

ty [MC 1.1 or 1.2] or minor Q/QS wave abnormality [MC 1.3] plus

ajor ST-T abnormality [MC 4.1, 4.2, 5.1, or 5.2]. Notably, the study

id not use the serial Q/ST/T changes which are more specific and

ould yield less rates of SMI. The earlier publication from the ARIC

tudy [5] used only the baseline ECG and defined MI using Nova-

ode [17] , which explains the relatively different sex results even

ithin the same study. 

These differences in the MI definition among the Framingham

eart Study, Rotterdam Study, and the ARIC study could explain

he differences in the magnitude of HF risk associated with SMI

nd the conflicting sex results. Without taking into account the

ethod by which SMI is defined, our interpretation of the SMI re-

earch would not be complete and comparing studies would not

e appropriate. There is no doubt that lack of standard methods to

efine SMI could hinder improving care of CHD and HF. Also, it is

nclear whether the association of SMI would differ if a method

ther than the ECG is used. Identifying the ideal cardiac investiga-

ion modality that accurately detects SMI and predicts the risk of

dverse outcomes such as HF is needed. 

echanisms linking SMI to HF 

SMI is an MI; the difference is the awareness and documenta-

ion of its occurrence. Therefore, the potential mechanisms linking

MI to HF could be similar to those mechanisms linking recognized

I to HF. That is to say, HF with reduced ejection fraction (HFrEF)

ould occur as a consequence of SMI due to loss of functioning

yocytes and myocardial fibrosis and subsequent left ventricular
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ilatation. The resulting neuro-hormonal activation and left ven-

ricular remodeling could lead to progressive deterioration of the

emaining viable myocardium. Also, chronic ischemia may result in

ibernation and stunning with a further decline in left ventricular

unction [8] . 

Myocardial ischemia is one of the leading factors of HF with

reserved ejection fraction (HFpEF) [8] , and hence, HFpEF could

lso occur as a result of SMI. A previous report from the Fram-

ngham Heart Study showed that CHD accounts for more than half

f patients with HFpEF [25] , which further supports this notion.

evertheless, the relationship between SMI and HFpEF is yet to be

stablished, and it is not clear whether there is differential impact

f SMI on HFpEF vs. HFrEF. 

Another possible explanation for the reported association be-

ween SMI and HF is that both conditions share similar risk factors,

nd therefore they are the result of the same underlying pathology

ather than being the result of one another. The reported signif-

cant risk factors for SMI include age, hypertension, and diabetes

2] , which also are the reported significant risk factors for HF [26] .

evertheless, the Rotterdam and the ARIC studies [4,6] adjusted for

hese risk factors in the models, and hence it is unlikely that the

hared risk factors confounded the observed relationship between

MI and HF. To better prevent HF in the setting of SMI, more re-

earch is needed to identify the SMI risk factors that could be dif-

erent from recognized MI and to shed light on the potential mech-

nisms for the links between SMI and HF. 

linical and research implications 

The accumulating evidence that SMI increases the risk of HF,

nd the fact that CHD is a significant risk factor for HF suggest

hat incorporating SMI in the HF prevention and management

rogram is needed. With the increasing focus on addressing stage

A” HF (pre-HF) as the ideal approach of preventing the severe

erminal forms of HF (stages C and D), attention needs to be

irected towards screening risk factors such as SMI. However, the

ost-effectiveness of screening for SMI as part of HF risk assess-

ent need to be assessed. Although guideline-directed therapy

as a definite role in preventing future HF among recognized MI

atients and is part of a quality-of-care core measure [26] , it is

nknown whether such benefit exists for those with SMI. 

Clinical trials examining the efficacy of novel HF therapies

imed at reducing future cardiovascular outcomes almost invari-

bly include MI as one of the outcomes or part of the composite

ardiovascular outcome. It seems reasonable that including SMI as

n endpoint in the HF clinical trials that address adverse outcomes

ould significantly reduce the duration of these clinical trials, de-

reasing the cost and preventing undue harm to patients exposed

o experimental therapies. 

aps in knowledge 

The literature on the association between SMI and HF provided

easonable evidence that SMI increases the risk of HF. This ev-

dence is further supported by the known relationship between

HD and HF. However, still there are several gaps in knowledge

n need to be addressed to better understand, diagnose, and treat

MI, and ultimately prevent HF in the setting of SMI. Examples of

urther research needed to fill the current gaps in knowledge in-

lude: 

• Develop standard methods for defining SMI. This includes in-

vestigating whether ECG or imaging or a combination of both

is a better approach for detection of SMI, and standardizing the

criteria for such approach. 

• Examine the impact of SMI size on the risk of HF 
• Investigate the cost-effectiveness of screening for SMI as part of

HF management. 

• Identify SMI risk factors and whether they differ from recog-

nized MI. 

• Explore optimal risk factor modifications and treatment of SMI,

as well as prevention of HF in the setting of SMI with emphasis

on aspects that differ from recognized MI. 

• Improve awareness of the adverse outcomes associated with

SMI, and the potential benefits of detection of SMI in the pre-

vention of HF. 

• Examine whether there is a differential association between

SMI and HF by type; HFpEF and HFrEF 

• Investigate reasons for the sex differences in the association be-

tween SMI and HF. 

onclusions 

SMI represents a significant proportion of all infarctions and is

ssociated with increased risk of CVD and total mortality. The few

tudies that examined the relationship between SMI and HF have

onclusively shown that SMI is associated with increased risk of

F. However, these studies reported conflicting sex differences in

he association between SMI and HF, which is probably due to the

eterogeneity in the methods by which SMI is defined. Develop-

ng standards methods for detection of SMI, examining the cost-

ffectiveness of routine screening for SMI as part of HF manage-

ent, better understanding of the risk factors of SMI, and explor-

ng optimal approaches for prevention HF in the setting of SMI are

ust a few of many gaps in knowledge that need further research. 
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