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Abstract. - OBJECTIVE: This meta-analysis
aimed to reveal the prevalence and prognosis of
heart failure in myocardial patients. This study
further sought to explore the role of treatment in
determining outcomes.

MATERIALS AND METHODS: This systemat-
ic analysis was performed on the principles of the
pre-designed protocol of meta-analysis and sys-
tematic reviews statement. Online search articles
were accessed for analysis. Studies from January
2012 to August 2020 were considered to identify
the prognosis and prevalence of acute heart failure
and myocardial infarction. Cochran’s Q-test and P-
test were used to measure heterogeneity across
the studies. Meta-regression was also performed
to identify the potential source of heterogeneity.

RESULTS: For the final analysis, 30 studies
were included. No significant publication bias
was reported on the funnel plot. However, a
0.462 value was reported for short-term mortali-
ty, whereas 0.274 was reported for the long term
while performing Egger’s tests. Meanwhile, the
Begg test showed a value of 0.274 for publication
bias. However, an asymmetrical funnel plot sug-
gested potential publication bias.

CONCLUSIONS: After adjustment of clinical
and cardiovascular baseline, significant results
related to the impact of sex differences on mor-
tality could be obtained. Disease prognosis may
be affected by co-morbidities, especially diabe-
tes Mellitus, kidney disease, hypertension, and
COPD worsening the situation of patients.
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Introduction

Heart failure is a frequent complication of myo-
cardial infarction. This complication may occur

early or late in life and can be resolved with ti-
me'. Despite improving acute cardiac care, acute
myocardial infarction is the leading cause of
mortality worldwide in both male and female
populations?. Compared to men, women repor-
ted a high frequency of long-term mortality and
adverse events following ST-segment elevation
myocardial infarction (STEMI)’. Advanced age
and co-morbidities, especially diabetes mellitus
and hypertension, are one of the major contri-
butors to female mortality*®. Furthermore, scho-
lars6 revealed an association between a lower
rate of medical therapies and revascularization
with poor prognosis for women with STEMI. The
prevalence of heart failure events in myocardial
infarction patients varies in various studies*’. In
the past, 14% to 36% of cases of heart failure we-
re reported after myocardial infarction’. Incidents
of heart failure can be reported at the time of ad-
mission, but most cases develop heart failure du-
ring hospitalization. From 1992 to 1996, the study
reported 4% of cases with symptoms of HF at the
time of admission, while 39% developed during
hospitalization®. A pooled study of 7 randomized
controlled trials reported 1.74 prognoses of HF at
the time of admission, which was increased up to
2.34 times in 30 days of mortality analysis’. This
meta-analysis aimed to reveal the prevalence and
prognosis of heart failure in myocardial patients.
This study further aimed to explore the role of
treatment in determining outcomes.

Materials and Methods

This systematic analysis was performed on
the principles of the pre-designed protocol of
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meta-analysis and systematic reviews statement
[Preferred Reporting Items for Systematic Re-
view and Meta-analysis Protocols (PRISM A-P)]'.
The study was also registered on PROSPERO (re-
ference number: 421046).

Comprehensive research on PUBMED, EMBA-
SE, and Cochrane Library was conducted. Studies
from January 2012 to August 2020 were consi-
dered to identify the prognosis and prevalence of
acute heart failure and myocardial infarction. Key
variables like sex differences regarding short and
long-term mortality prevalence in STEMI patients
were addressed for this research. Studies related
to non-ST-segment elevation myocardial infarction
and acute myocardial infarction were also included.
Both clinical trials and observational studies were
eligible for this research'. Two reviewers indepen-
dently performed abstract research to find eligible
articles containing information on two concepts:
acute myocardial infarction and acute heart failure
or heart failure. We further extract those articles
containing three search terms: gender, mortality,
and myocardial infarction. Keywords like fema-
le, male, gender differences, cardiovascular death,
hospital mortality, long-term mortality, all-cause
mortality, primary PCI, primary percutaneous co-
ronary intervention, rehospitalization, etc., were
searched to identify the relevant studies. However,
no language restrictions or age limits were set. A
second full-text screening for text eligibility was
performed by two other reviewers. The following
criteria were set for the inclusion of studies: i)
studies that provide enough details related to risks
and events; ii) mortality data specific to myocardial
infarction patients'?. All the studies with irrelevant
titles, abstracts, text not involving information on
acute heart failure, commentary, case reports, or
pooled studies were excluded. Studies containing
pregnant participants and seriously ill patients were
also excluded. Duplicate researchable is also exclu-
ded. The third reviewer evaluated disagreements
during the study period and managed by consensus.

Excel sheets extracted demographic information,
region, study population, sample size, enrollment
time, study type, endpoints, and follow-up duration.
Newcastle-Ottawa scale”® was used to assess the
quality of the study, including study population,
study design, outcomes, response rate, and one
point for each item. A quality score was classified
according to the maximum of 1 point for each item.

Statistical Analysis
Primary outcomes were the prognosis of heart
failure in myocardial patients. Risk ratios and

95% confidence interval were primarily used
for presenting sex differences in heart failure
mortality after myocardial infarction. The ran-
dom effect model of DerSimonian and Laird was
used to combine the data with inverse variance
weighting. Clinical and statistical heterogeneity
was assessed by using the random-effect model.
Unadjusted RRs were used to evaluate the long
and short-term all-cause mortality using a raw
number of deaths and risk of deaths, while adju-
sted residual sum of squares (RRs) were used to
describe the mortality if mentioned in the inclu-
ded studies. The RRs was also used to calculate
the in-hospital and 30-day mortality.

Meanwhile, to analyze the heterogeneity
across studies, Cochran’s Q-test and -test we-
re performed. The p-value <0.1 or *>50% were
considered significant. Meta-regression analysis
was also computed to investigate the source of
heterogeneity. These sources were described in
terms of diabetes differences. Differences betwe-
en the hypertension rate, hyperlipidemia, rate of
smoking, prior M1, and prior percutaneous coro-
nary intervention (PCI) were also measured to
evaluate the heterogeneity sources. For this study,
stratified analysis was performed by dividing
studies into subgroups based on the Newcast-
le-Ottawa scale scores (>7 points or <7 points) to
assess the potential sources of heterogeneity. To
mention the publication bias, this study used Eg-
ger’s regression asymmetry test, and a funnel plot
was used. Sensitivity analysis was also perfor-
med by restricting the high-quality studies. Stati-
stical analyses were performed by using STATA
V.15.0 (StataCorp LP, Stata Statistical Software,
TX, USA). Significant statistical differences were
represented by a two-sided p-value<0.05.

Results

For analysis a total of 2,611 studies were identi-
fied for review. Out of these, 2,495 were excluded
after full-text screening. A total of 116 fulfilled
the inclusion criteria but 86 out of them were
excluded due to enrolment starting earlier than
a decade ago. A total of 30 studies were finally
included in the study (Figure 1).

Of these 30 studies™*, thirteen”'
2123.2531,33.364041 were prospective with major en-
dpoints of mortality, all-cause mortality, car-
diovascular death, STEMI, AMI, and 30 days
readmission due to heart failure. For this analysis
total of 128,585 patients were diagnosed with
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Figure 1. Prisma flow chart of selected studies.

STEMLI, of which 31,706 (24.7%). In the majority
of studies, females were elderly and reported high
cases of diabetes mellitus than males. Hyper-
tension and hyperlipidemia were also frequently
observed in females. On the other hand, greater
proportions of males were smokers and had prior
PCI or MI. Unadjusted short-term mortality was
mentioned in 13 studies'>"®-2!:23:2331.33364041 “Qut of
these, seven studies'®2227:28:30:32.34 reported 30 days
of hospital mortality, while the rest 62%-24.26:236.38.42
were focused on heart failure developed in the
hospital. These studies revealed that women are
more prone to all causes of mortality in 9.1% of
cases, while males reported a 4.6% ratio. A com-
plete subgroup analysis was reported in Table 1.
In Table II, statistical analysis was performed
on risk factors associated with readmission. From
this analysis, findings revealed the significant he-
terogeneity of results. Diabetes, COPD, kidney di-
sease, and HF were the major reasons for readmis-
sion after MI. A total of 2,873 cases of short-term
mortality were noticed in this meta-analysis. Nine
studies?’-33:33:37.38.404143 reported adjusted RR ra-
tios related to MI mortality. Adjusted analysis
revealed a significant mortality ratio in the fe-
male population (RR, 1.24; 95% CI: 1.11 to 1.38,
p<0.001, *=39.6%). The non-American region
reported a lower risk of readmission after MI (CIL:
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95%; 0.11-0.15) (Figure 2). Overall, 77.9% hete-
rogeneity was reported among studies. No signi-
ficant publication bias was reported on the funnel
plot. However, a 0.462 value was reported for
short-term mortality, whereas 0.274 was reported
for the long term while performing Egger’s tests.

Meanwhile, the Begg test shows a value
of 0.274 for publication bias. Nonetheless, an
asymmetrical funnel plot suggested potential
publication bias (Figure 3).

Discussion

Heart failure is a major reason for myocardial
infarction. This complication may occur early or
late in life and can be resolved with time'. Poor
prognosis and a high risk of heart failure have
been seen in elderly patients*’. This systematic
review and meta-analysis demonstrate that fema-
le STEMI patients had a higher risk of short-term
heart failure mortality than males. After adjust-
ment of cardiovascular risk factors and clinical
profile, a significant reduction was observed in
sex differences, and females have similar long-
term mortality to males. The results of this me-
ta-analysis were concurrent with the previously
published meta-analysis®**. After acute coronary
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Table I. Subgroup analysis'>.

RR 95% CI p-value P
Unadjusted Model
Newcastle-Ottawa scale
>7 1.90 1.73 - 2.09 0.018 63.4%
<7 points 1.52 1.20 - 1.93 0.026 58.1%
Short-term all-cause mortality
Impact of sex on in-hospital 1.71 1.27-2.31 <0.001 86.4%
Impact of sex on 30 days mortality 1.81 1.62-2.02 <0.001 56.6%
PCI/CABG for STEMI 1.45 1.05-2.00 0.026 39.5%
Long-term all-cause mortality
Sex difference 1.23 0.89 - 1.69 0.206 77.5%
PCI/CABG 1.28 0.95-1.73 0.108 0.0%
The adjusted risk of mortality at long term follow-up 1.11 0.42 - 1.80 0.670 74.5%
Sensitivity analysis of short-term mortality 1.75 1.54-1.99 <0.001 82.9%
Sensitivity analysis of long-term mortality 1.50 1.23-1.83 <0.001 40.9%
Table II. Risk factors associated with readmission'.
Risk factors of 30 days readmission Pool odd ratios 95% CI 4 p-value
Female sex 1.17 (1.15 - 1.20) 0% 0.594
Cardiogenic shock 1.24 (0.81 -1.91) 88% 0.004
Hypertension 1.03 (0.93 - 1.15) 37.7% 0.201
Previous MI 1.22 (0.98 - 1.52) 98% 0
Diabetes mellitus 1.23 (1.18 - 1.28) 51% 0.069
COPD 1.20 (1.11 - 1.30) 82.1% 0
Length of stay at index hospitalization 1.21 (0.81 - 1.82) 88.8% 0.003
Heart failure 1.32 (1.20 - 1.44) 91.8% 0
Blood disease 1.16 (1.09 - 1.23) 83% 0.003
Kidney Disease 1.53 (1.29 - 1.81) 88% 0
Author (Year) RR (95%Cl) % Weight
Venetsanos (2017) — 1.74 (1.10, 2.74) 476
Ali (2018) 2.23 (1.15, 4.33) 273
Langabeer (2018) 1.18 (1.00, 1.39) 11.14
Cenko (2019) 2.08(1.82, 2.39) 11.84
Hao (2019) 2.15(1.90, 2.43) 12.22
Hannan (2019) 1.83 (1.71, 1.97) 13.28
Stehli (2019) 1.46 (1.20, 1.78) 10.15
Burgess (2020) 2.19 (1.07, 4.49) 242
Dharma (2020) 1.54 (1.24, 1.93) 9.57
Kerkmanx (2020) 1.00 (0.57, 1.75) 3.54
Siabani (2020) 2.12(1.44,3.13) 5.78
Tai (2020) 1.13 (0.21, 5.96) 0.52
Tizén (2020) 1.94 (1.71, 2.21) 12.06
Overall (I-squared = 77.0%, p = 0.000) 1.73 (1.53, 1.96) 100.00

Figure 2. Summary of RR square effect ratios and weight.
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Figure 3. Begg plot of publication bias.

syndrome (ACS) high risk of short-term morta-
lity was observed in previous studies***. Howe-
ver, long-term mortality among female patients
remains debatable. Some studies®*¢ highlight
that the female population suffering from STEMI
had a higher one-year mortality ratio than men*®,
while some show contradictory results®*. In
the current meta-analysis, high or low-quality
studies with small and large sample sizes show
similar results. Adjusted analysis revealed a non-
significant increase in long-term mortality, while
sensitivity analysis found a significant association
between long-term mortality and female sex after
removing one study*’ from adjusted analyses. In
the past, significant sex differences among acute
myocardial patients were confirmed. Adjusted
analysis of cardiovascular risk factors highli-
ghts the impact of sex differences on mortality.
Tang et al*’ revealed that elderly STEMI female
patients have a high burden of co-morbidities
contributing to heart failure after myocardial
infarction. In the current meta-analysis, older
female patients had diabetes and hypertension.
Sex-specific studies*** found potent co-morbi-
dities ratio and risk factors in women*’. Smoking
status, diabetes, and hypertension enhanced the
probability of cardiac events in female STEMI
patients more than in males.

Predicting risk factors and identifying read-
mission reasons after acute myocardial infarction
enables reducing the burden on the healthcare
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department™. Initially, patients reported chest pain
and heart failure, which required 30 days of re-
admission. This meta-analysis revealed a 12%
readmission prevalence after acute myocardial in-
farction, while Dharmarajan et al*' reported 19.9%
of cases within 30 days and almost 67.6% of
readmissions occurring within 15 days of dischar-
ge. Current study subgroup analyses indicated a
stable readmission ratio in the American popu-
lation >10,000 sizes. The unplanned readmission
rate could have been higher in the literature we in-
cluded. Heterogeneity in the current meta-analysis
it was observed due to differences in age size, sex,
diagnosis technique, and study type. Due to data
limitations, this meta-analysis conducted subgroup
analysis only on variables including region, quality
of size, and sample size. The pooled prevalence of
30-day readmissions in influence analysis did not
fluctuate or affect the overall readmission rate.
Kidney disease, diabetes mellitus, COPD, and
heart failure were the major predictor factors of
readmission. The current meta-analysis revealed a
positive association of chronic kidney disease with
hypertension and dyslipidemia, which eventually
results in atherosclerosis and endothelial dysfun-
ction. These two were observed as independent
risk factors for acute myocardial patients”. Gender
was observed as the second independent risk factor.
Past research™ revealed a high readmission ratio in
young females suffering from acute M1 due to diffe-
rent pathophysiological and clinical characteristics.
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Women experienced more myocardial ischemia
than coronary artery obstruction®®. Patients with
co-morbidity of diabetes mellitus had two times
more risks of heart failure’®. Renal insufficiency
enhances the risk of cardiac events and unfavo-
rable prognosis®. Hawkins et al** observed more
increased mortality with co-morbidity of COPD.
Previous studies'*” demonstrate declined ratio
of revascularization in those who received in-
terventional procedures, especially those who
underwent PCI.

Some previous studies®’*® reported an 8%
readmission rate after PCI, while Pelletier et
al study showed that 17.5% of cases who un-
derwent PCI reported readmission after myo-
cardial infarction. This ratio is greater than our
meta-analysis. Long-term mortality and morbi-
dity can be decreased by PCI with improvement
in prognosis®. Delayed presentations of female
cases were the main reason for sex differences.
Despite great advancements in medical emer-
gency medical services and timely revascula-
rization, recent studies®®®' reported that women
had more ischemic time, door-to-balloon ti-
me, and door-to-needle time than men. After
developing MI symptoms, women continue to
have more time to seek medical attention, and
delayed treatment timing enhances the risk of
mortality®. No signs of chest pain were repor-
ted in the female gender, which causes obstacles
in decision-making to pursue less aggressive
care®*. Some studies®* of this meta-analysis
enrolled patients undergoing PCI, which might
be the potential source of heterogeneity. The
results of the present study are comparable with
the previous meta-analysis of Pancholy et al®, in
which he observed significant sex differences
among STEMI patients treated with PCI. In his
meta-analysis, he revealed that the probability
of hospital mortality raised along with a signi-
ficant reduction of one-year mortality in women
when using adjusted RR ratios. More than 90%
of studies in the current meta-analysis used PCI
treatment for their patients. However, bleeding,
mechanical complications, and acute heart fai-
lure were highly observed in the female popula-
tion. Three included studies™2"! revealed a high
risk of bleeding in women, Khan et al® study
revealed that women are at high risk of de novo
heart failure after STEMI, and those who deve-
loped de novo heart failure had worse survival
ratios than men. Mechanical complications that
require surgical intervention are also common in
the female population.

Limitations

This meta-analysis has certain limitations. Fir-
stly, all the chosen articles had different risk va-
riables and inconsistent definitions, which caused
obstacles in combining them in the meta-analy-
sis. In addition, each study’s age group was diffe-
rent, leading to overlapping. Secondly, the hete-
rogeneity between studies came from age, study
period, diagnosis, and population. Moreover, not
all studies reported similar cofounders for adju-
sted analysis, and not all reported adjusted RRs.
A random effect model was used for significant
heterogeneity to overcome this issue. Thirdly
majority of the studies were observational. Only
four to five were clinical trials'>*#3273! There
may be implicit confounding bias in this meta-a-
nalysis’s observational study design. However, no
correction bias was attempted. During the CO-
VID-19 pandemic, the prognosis of heart failure
was increased due to the impact of COVID-19
infection; that’s why we exclude those studies.

Conclusions

In conclusion, pool results revealed that wo-
men had a high prognosis of heart failure after
myocardial infarction than males. After adjustment
of clinical and cardiovascular baseline, significant
results related to the impact of sex differences on
mortality could be obtained. Disease prognosis may
be affected by co-morbidities, especially diabetes
mellitus, kidney disease, hypertension, and COPD
worsening the situation of patients.
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