
Lu et al. BMC Cardiovascular Disorders            (2024) 24:9  
https://doi.org/10.1186/s12872-023-03674-1

RESEARCH Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Cardiovascular Disorders

Long term all-cause mortality after myocardial 
infarction with non-obstructed vs obstructed 
coronary artery disease: a meta-analysis 
of adjusted data
Xueli Lu1*, Shengnan Zhu1, Yanjiao Lu1 and Yanming Li1 

Abstract 

Background The difference in the long-term outcomes of myocardial infarction in patients with non-obstructed 
coronary arteries (MINOCA) and patients with myocardial infarction with obstructed coronary artery disease (MI-CAD) 
is not clear. The current study aimed to pool adjusted data to compare long-term outcomes of MINOCA vs MI-CAD.

Methods Electronic literature search of PubMed, Embase, CENTRAL, and Google Scholar databases was done 
for publications up to 18th June 2023. Only studies reporting multivariable-adjusted data with > 1 year of follow-up 
were included.

Results Sixteen studies met the inclusion criteria. Our meta-analysis revealed no statistically significant difference 
in the risk of all-cause mortality between MINOCA and MI-CAD patients (HR: 0.90 95% CI 0.68, 1.19  I2 = 94% p = 0.48). 
Analysis of the limited data showed a reduced combined risk of all-cause mortality and MI (HR: 0.54 95% CI 0.39, 0.76 
 I2 = 72% p = 0.003) and major adverse cardiac events (MACE) (HR: 0.66 95% CI 0.51, 0.84  I2 = 51% p = 0.0009) in patients 
with MINOCA vs MI-CAD, and no difference in the risk of cardiovascular mortality (HR: 0.81 95% CI 0.54, 1.22  I2 = 0% 
p = 0.31) and readmission between the two groups (HR: 0.85 95% CI 0.61, 1.19  I2 = 90% p = 0.35).

Conclusion A pooled analysis of adjusted outcomes from the available studies indicated that MINOCA and MI-CAD 
patients have similar long-term all-cause mortality risk. Our conclusions on the risk of cardiovascular mortality, MACE 
and readmission rates need to be taken with caution due to a lack of adequate studies. Further research is needed 
to strengthen the evidence on this important subject.
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Introduction
Acute myocardial infarction (MI) accounts for a signifi-
cant portion of morbidity and mortality cases around 
the world [1]. Studies indicate that compared to general 

population, patients with MI are at 30%-higher risk of 
mortality and adverse cardiovascular events [2]. The 
use of coronary angiography during the early manage-
ment of this disease significantly improves identifica-
tion of patients with MI and non-obstructed coronary 
arteries (MINOCA) [3]. A systematic review by Pasupa-
thy et al. [4] indicated that the prevalence of MINOCA 
is around 6%, ranging between 1 and 14%. Patients with 
MINOCA tend to be younger, of the female sex, and 
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with lower incidence of hyperlipidaemia compared to 
patients with MI and obstructed coronary artery dis-
ease (MI-CAD) [4].

Based on the guidelines of the European Society of 
Cardiology, diagnosis of MINOCA requires evidence of 
MI along with the demonstration of < 50% stenosis on a 
coronary angiogram [5, 6]. Management of MINOCA 
is challenging as the apparent reason of MI is not very 
clear. The disease is heterogeneous without any sin-
gle pathophysiological mechanism [3]. Studies have 
reported that factors such as vasospasm of coronary 
vasculature, thrombosis or embolism, microvascular 
dysfunction, plaque disturbance, and supply–demand 
inadequacy may all lead to MI in these patients [7, 8]. 
Due to the unique nature of the disease and the dif-
ference in the mechanism of myocardial injury it is 
imperative to understand if the prognosis of MINOCA 
patients differs from that of MI-CAD.

Recently, several publications have compared outcomes 
of MINOCA and MI-CAD but with variable results. 
Some authors have reported lower mortality rates in 
patients with MINOCA [9–11], while others indicate no 
difference in outcomes between the two [12, 13]. A meta-
analysis by Pelliccia et al. [14] have attempted to compare 
mortality rates between the two conditions. However, 
a significant drawback of this review is that only crude 
death rates were pooled. The observed difference in out-
comes between MINOCA and MI-CAD may be, there-
fore, due to the difference in clinicopathological features 
of the diseases or, alternatively, because of the differ-
ence in several other risk factors [12]. Therefore, assess-
ing the risk of mortality requires careful accounting for 
confounding factors. To date, no meta-analysis has com-
pared outcomes of MINOCA and MI-CAD by aggregat-
ing multivariable-adjusted data. Current study aims to 
evaluate if there was a difference in long-term mortality 
between MINOCA vs MI-CAD by pooling only multi-
variable adjusted data.

Material and methods
This review conforms with the guidelines of the PRISMA 
statement [15]. Registration of protocol was done on 
PROSPERO (CRD42023436897). No ethical clearance or 
patient consent was required for this study.

Search strategy
Two reviewers conducted a literature search for relevant 
studies in the PubMed, Embase, CENTRAL, and Google 
Scholar databases. It was completed on 18th June 2023. 
Keywords used were: “MINOCA”, “myocardial infarc-
tion”, “normal”, “non-obstructed”, “absence”, “obstruction”, 
“coronary artery”, and “coronary stenosis”. The combi-
nations used are shown in Table  1. The retrieved stud-
ies were de-duplicated, and titles and abstracts were 
screened to remove non-relevant publications. Full-text 
analysis of the selected studies was done, and studies ful-
filling all the criteria were included in the final analysis. 
All disputes were resolved by consultation. Hand search 
was also done for the bibliography of eligible studies.

Inclusion criteria
The review question according to PICO was: Are the 
long-term outcomes of patients with MI (population) due 
to non-obstructed coronary artery disease (intervention) 
different as compared to those with obstructed coronary 
artery disease?

The inclusion criteria were then framed based on the 
above question as follows:

1) All kinds of studies comparing outcomes of 
MINOCA and MI-CAD. 2) Studies with a follow-up of at 
least 1  year. 3) Studies reporting multivariable-adjusted 
outcomes and specifying the factors adjusted for the 
analysis. 4) Studies were to diagnose MI based on typi-
cal symptoms, increase of a minimum of one necrosis 
biomarker, and ST-segment or T-wave changes on the 
electrocardiogram. 5) Patients were to be classified into 
MINOCA or MI-CAD groups based on the angiographic 
assessment of coronary arteries.

Studies excluded were: 1) Studies wherein angiographic 
assessment was not carried out. 2) Studies without 
adjusted outcomes. 3) Studies on Takotsubo syndrome 4) 
Non-English language studies. 5) Studies with duplicate 
or overlapping data. In such cases, the study with maxi-
mum patients was selected.

Data management and quality assessment
Name of the author, study type, its location, number of 
patients, age, gender, medical history of patients (hyper-
tension, diabetes mellitus, chronic kidney disease, 

Table 1 Search strategy

Search number Query

1 (((normal) OR (non-obstructed)) AND (coronary stenosis)) AND (myocardial infarction)

2 (((absence) AND (obstruction)) AND (myocardial infarction)) AND (coronary artery)

3 (((normal) OR (non-obstructed)) AND (coronary artery)) AND (myocardial infarction)

4 (MINOCA)
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previous MI or cerebrovascular accident), medications 
prescribed at discharge (aspirin, P2Y12 inhibitor, statins, 
beta-blockers), follow-up, and covariates examined were 
extracted from the included studies. The primary out-
come was all-cause mortality after 1  year of follow-up. 
Secondary outcomes were cardiovascular mortality, the 
combined risk of mortality and MI, risk of major adverse 
cardiac events (MACE), and readmission rates between 
the two groups. MACE was defined as per the included 
studies. There was no restriction on the cause of readmis-
sion; all causes of readmissions were admissible.

Studies were examined for bias using the Newcastle–
Ottawa scale (NOS) [16]. The scale judges each study 
for selection of study participants, comparison of 
study groups, and outcomes. The score of NOS ranges 
from 0–9.

Statistical analysis
"Review Manager" (RevMan, version 5.3) was used for 
all quantitative data analyses. Adjusted hazard ratios 
(HR) and their 95% confidence intervals (CI) or similar 
effect sizes were combined by the generic inverse func-
tion of Review manager in a random-effects model. Pub-
lication bias was examined by visual inspection of funnel 
plots and Egger’s test. The  I2 statistic determined the 
inter-study heterogeneity. A sensitivity analysis was exe-
cuted by removing singular studies form the forest plot 
to check for any outliners. This was done in the software 
itself to note any change in significance of results.

Results
Search details
Titles and abstracts of 5292 unique studies, identified 
by the search across the databases, were examined. Of 
them, 75 studies were selected for the full-text analysis. A 
total of 59 studies were excluded. Finally, 16 studies met 
the inclusion criteria [13, 17–31] (Fig. 1, Supplementary 
material: raw data).

Study details
The studies were published between 2009 and 2023 
(Table 2). Five studies were from the North America, two 
from Asia, two from New Zealand, and the remaining 
studies were from the European nations. The total num-
ber of patients in the MINOCA arm varied between 64 
to 16,849. Sample sizes in the MI-CAD arm varied from 
412 to 29,931. A total of 29,708 patients with MINOCA 
were compared with 514,421 patients with MI-CAD in 
the 16 studies. All studies were retrospective in design, 
examining data from hospital databases or national reg-
istries. Patients was mostly above 60  years old in most 
studies. Importantly, the study of Magnani et  al. [24] 
had a younger cohort and the age of included patients 

was 38 and 41 years for MINOCA and MI-CAD groups, 
respectively. The percentage of hypertensive patients in 
the study groups ranged from 18.3 to 73.3%, while the 
percentage of diabetic patients varied from 3.8 to 37.9%. 
There was inconsistent reporting of data on previous MI 
and cerebrovascular accidents among the included stud-
ies. Medication-related data was also not provided by all 
included studies. However, a general trend noted was 
the reduced prescription of anti-platelets, statins, and 
beta-blockers at discharge in MINOCA patients as com-
pared to MI-CAD patients. The covariates used to assess 
the outcomes differed across the studies. The follow-up 
period in the studies ranged from 1 to 19.9  years. All 
studies were of good quality, with an NOS score of 8.

Outcomes
A total of 28,220 patients with MINOCA were compared 
with 502,073 patients with MI-CAD in 11 studies report-
ing all-cause mortality. Our meta-analysis revealed no 
statistically significant difference in the risk of all-cause 
mortality between patients with MINOCA and MI-CAD 
(HR: 0.90 95% CI 0.68, 1.19  I2 = 94% p = 0.48) (Fig.  2). 
We did not find any gross asymmetry in the funnel plot 
(Fig. 3). Egger’s test did not indicate any publication bias 
(p = 0.77). Sensitivity analysis is shown in Table 3. There 
was no change in the significance of the outcome on the 
removal of any study and the overall results of all-cause 
mortality remained non-significant throughout. Data on 
cardiovascular mortality was reported only by three stud-
ies. Meta-analysis showed no statistically significant dif-
ference in the risk of cardiovascular mortality between 
MINOCA and MI-CAD cohorts (HR: 0.81 95% CI 0.54, 
1.22  I2 = 0% p = 0.31) (Supplementary Fig. 1).

Four studies were reporting combined risk of death and 
MI between the two study groups. On pooled analysis of 
these studies, there was a statistically significant reduced 
risk of mortality and MI in patients with MINOCA vs 
MI-CAD (HR: 0.54 95% CI 0.39, 0.76  I2 = 72% p = 0.003) 
(Fig. 4). Similarly, analysis of five studies showed a signifi-
cantly reduced risk of MACE in patients with MINOCA 
as compared to MI-CAD (HR: 0.66 95% CI 0.51, 0.84 
 I2 = 51% p = 0.0009) (Fig.  5). Lastly, a meta-analysis of 
data indicated no statistically significant difference in the 
risk of readmission between the two study groups (HR: 
0.85 95% CI 0.61, 1.19  I2 = 90% p = 0.35) (Fig. 6).

Discussion
Due to the widespread prevalence of coronary artery 
disease, several studies have focussed on assessing long-
term outcomes and prognostic factors of MI in the past 
few years [32–34]. Indeed, MI is a well-defined life-
threatening disease and the outcomes can differ due to 
several factors like patient’s age, gender, the severity of 
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disease, presence of risk factors, co-morbidities, and 
treatment protocol [32]. Thus, assessment of long-term 
outcomes with any type of MI should also consider the 
parallel influence of these confounders to present cor-
rect scientific evidence. For instance, many studies have 
explored the impact of gender on outcomes of MI but 
with variable results based on crude or adjusted data [33, 
35]. Bavishi et  al. [35] in a comprehensive review have 
shown that while crude long-term mortality rates may be 
higher in females as compared to males[Risk ratio (RR) 
1.60, 95% CI: 1.46–1.76], the risk is no longer statistically 
significant when adjusted effect estimates were pooled 
for a meta-analysis (RR: 1.01, 95% CI: 0.93–1.11). They 
concluded that baseline clinical differences and different 

treatment protocols largely contributed to the high crude 
mortality rates in female patients.

In this study, we attempted to extrapolate the same 
theory in assessing the long-term outcomes of patients 
with MINOCA compared to MI-CAD patients. Many of 
the studies comparing MINOCA and MI-CAD, reported 
a favourable prognosis in patients with MINOCA [9–
11]. Bossard et al. [9] compared data of 1599 MINOCA 
patients with 22,184 MI-CAD patients, and have demon-
strated significantly lower all-cause mortality, cardiovas-
cular mortality, repeat MI and major bleeding episodes 
in MINOCA patients. Eggers et al. [36] in a retrospective 
analysis of a Swedish registry have shown lower rates of 
all-cause mortality, cardiovascular mortality, and MACE 

Fig. 1 Study flow chart
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events in patients with MINOCA as compared to MI-
CAD. Other studies from Germany [37] and Egypt [38] 
have also demonstrated more favourable outcomes in 
patients with MINOCA. In the prior review on this topic, 
Pelliccia et al. [14] have reported annual long-term mor-
tality rates of 2.2% in patients with MINOCA and 5% in 
patients with MI-CAD. By compiling evidence from 26 
studies, the authors reported a statistically significant 
40% lower risk of all-cause mortality in patients with 
MINOCA as compared to MI-CAD (RR 0.60, 95% CI: 
0.46 to 0.78).

While Pelliccia et  al. [14] pooled only crude data, our 
review synthesized data of only adjusted effect estimates 
and presents contrasting results. Our analysis shows that 
long-term mortality does not significantly differ between 
the two disease types after adjusting for confounding 

Fig. 2 Meta-analysis of adjusted outcomes comparing all-cause mortality between MINOCA and MI-CAD

Fig. 3 Funnel plot for the meta-analysis of all-cause mortality

Table 3 Results of sensitivity analysis for all-cause mortality 
between MINOCA vs MI-CAD

CI Confidence intervals

Excluded study Resultant effect size (Hazard ratios)

Planer 2014 [24] 0.89 (95% CI 0.65, 1.13  I2 = 94% p = 0.28)

Andersson 2018 [22] 0.88 (95% CI 0.66, 1.18  I2 = 94% p = 0.39)

Bainey 2018 [23] 0.91 (95% CI 0.67, 1.23  I2 = 94% p = 0.52)

Barr 2018 [25] 0.94 (95% CI 0.70, 1.25  I2 = 94% p = 0.66)

Choo 2019 [29] 0.89 (95% CI 0.60, 1.20  I2 = 94% p = 0.44)

Dreyer 2020 [19] 0.96 (95% CI 0.80, 1.77  I2 = 62% p = 0.71)

Gasior 2020 [20] 0.86 (95% CI 0.67, 1.11  I2 = 82% p = 0.26)

Lopez-Pais 2020 [21] 0.90 (95% CI 0.68, 1.20  I2 = 94% p = 0.48)

Schmitz 2020 [18] 0.93 (95% CI 0.70, 1.20  I2 = 94% p = 0.61)

Vranken 2020 [13] 0.88 (95% CI 0.65, 1.18  I2 = 94% p = 0.39)

Lawless 2023 [17] 0.94 (95% CI 0.70, 1.28  I2 = 94% p = 0.71)
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factors. We acknowledge that the statistical power of 
our analysis would be lower as compared to the previ-
ous review as only 11 studies were available in our pri-
mary analysis despite extending the literature search 
by five more years and adding recent studies. However, 
the sample size of our analysis was large, with data of 
28,220 patients with MINOCA and 502,073 patients 
with MI-CAD. Furthermore, sensitivity analysis demon-
strated that no study in our analysis had a disproportion-
ate impact on the overall outcome. Forest plot analysis 
showed that the study of Dreyer et al. [21], with its signif-
icantly large sample size, may be considered an outliner. 
The authors of this study noted a significant higher risk of 
all-cause mortality in MINOCA after adjusting for past 
cardiovascular history and comorbidities. These differ-
ence in their results as compared to other studies may be 
attributable to two reasons. First, a study by Dreyer et al. 
only included elderly patients (≥ 65 years). Secondly, over 
50% of patients were eventually excluded due to incom-
pleteness or lack of data linkage. This suggests possible 
selection bias, and may impact the generalizability of the 
results.

The outcomes of our study should be interpreted 
while considering the differences in the factors adjusted 
in the included studies. The most common adjusted 
confounders were age, gender, and comorbidities like 
diabetes, hypertension, and dyslipidaemia. Several 
studies have demonstrated that patients with MINOCA 
are younger and more often of female gender [4, 12]. 
Consistent with younger age, these patients may also 
have a lower prevalence of other risk factors such as 
diabetes, smoking, hypertension, renal disease, history 
of MI, and stroke [39]. However, a systematic review 
had indicated that cardiovascular risk factors are not 
different in MINOCA and MI-CAD patients [4]. This 
could explain the lack of difference in all-cause mor-
tality between MINOCA and MI-CAD in the current 
meta-analysis. Moreover, unlike MI-CAD, no clear 
management strategy exist for MINOCA, and it differs 
from case to case. Similar to heart failure, MINOCA 
is considered a working diagnosis that requires fur-
ther evaluation to identify the underlying cause. Fur-
ther investigations like transthoracic echocardiography 
and magnetic resonance imaging are needed to tailor 

Fig. 4 Meta-analysis of adjusted outcomes comparing all-cause mortality and MI between MINOCA and MI-CAD

Fig. 5 Meta-analysis of adjusted outcomes comparing MACE events between MINOCA and MI-CAD

Fig. 6 Meta-analysis of adjusted outcomes comparing readmission rates between MINOCA and MI-CAD



Page 12 of 14Lu et al. BMC Cardiovascular Disorders            (2024) 24:9 

the treatment based on the underlying pathology [3]. 
Research also indicates that secondary prevention 
strategies are less commonly utilized in MINOCA as 
compared to MI-CAD. Renin-angiotensin inhibitors 
may have a beneficial role but dual antiplatelet therapy 
and statins offer no advantage in MINOCA patients 
[40]. Thus, it is evident that the outcomes of these con-
ditions may be influenced only by the differences in the 
baseline characteristics but also by the variability in 
the management protocols. The lack of clear manage-
ment strategy and lower utilization of prevention pro-
tocols could be another reason for similar mortality of 
MINOCA and MI-CAD despite the younger age of the 
MINOCA group.

In our secondary analysis, we noted a significantly 
reduced risk of combined mortality and MI as well as 
MACE in patients with MINOCA as compared to MI-
CAD. These results should be interpreted with extreme 
caution due to limited data and small sample size of the 
studies. There is a need for further research to explore 
the differences in the risk of cardiovascular mortality, 
MACE and readmission rates between MINOCA and 
MI-CAD patients.

Our review has limitations. Firstly, only eleven stud-
ies provided data on long-term all-cause mortality. We 
had to exclude many studies due to the lack of adjusted 
data. Thus, our analysis does not encompass the entirety 
of evidence available in the literature. Secondly, we noted 
high heterogeneity in the meta-analysis which partly 
could be due to differences among the included stud-
ies for the factors adjusted in the multivariable analysis. 
It is possible that other measured and unmeasured fac-
tors in the included studies could have affected the out-
comes. Thirdly, all included studies were retrospective 
with inherent bias associated with these types of stud-
ies. Fourthly, we could include maximum studies only 
in the primary outcome analysis. We were unable to 
comprehensively analyse other important outcomes like 
cardiovascular mortality, recurrent MI, MACE, and read-
mission rates due to limited data. Lastly, the software 
RevMan used in our meta-analysis uses the DerSimonian 
& Laird Method to calculate error rates and can result in 
false positive results with scarce data.

A major strength of our study is that this is the first meta-
analysis comparing mortality rates between MINOCA and 
MI-CAD by pooling adjusted data. The consistency of the 
outcomes on leave-one-out analysis lends credibility to our 
conclusions. The contrasting results presented by our study 
as compared to the previous review [14] have important 
clinical implications as they suggest that MINOCA should 
not be considered a benign entity as compared to MI-
CAD. Clinicians should aggressively search for the under-
lying pathology to adequately manage this disease. Further 

research should be conducted to identify specific risk fac-
tors associated with poor outcomes with MINOCA.

To conclude, this is a large meta-analysis of 16 studies, 
reporting only adjusted and long-term differences between 
MINOCA and MI-CAD patients. We show that there is 
no difference in the risk of all-cause mortality between the 
two types of disease. The consistency of the results on sen-
sitivity analysis indicated robustness of our evidence. No 
difference between MINOCA and MI-CAD was detected 
in terms of the cardiovascular mortality. Limited evidence 
also showed reduced risk of MACE in MINOCA vs MI-
CAD but no difference in the risk of readmissions between 
the two conditions. Our results should be interpreted cau-
tiously due to the high heterogeneity in the meta-analysis 
and limited data on cardiovascular mortality, MACE, and 
readmissions. Further research is needed to strengthen the 
evidence on this topic.
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