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INTRODUCTION

Acute myocardial infarction(AMI), a severely 
wretched status of heart attack, with the classic 
symptoms of sudden, severe, and persistent pain in 
the back of the chest (accompanied by pain radiating 
to the shoulder and sometimes the arm). AMI is cur-
rently a cause of mortality and morbidity with high 
economic costs worldwide1. The damage or death of 
cardiomyocytes is irreversible. Therefore, we must 

take medical measures to interfere with its progres-
sion. Its wide range of risk factors includes smok-
ing, hypertension, obesity, and dyslipidemia, which 
have been established as useful predictors for acute 
myocardial infarction2. In addition to these classical 
risk factors, obesity, fatigue, insufficient sleep, are 
also risk factors for AMI3. Some studies demonstrate 
that serum ferritin could be an independent factor in 
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studies, including case-control, cohort studies, and 
cross-sectional studies; (3) studies conducted to assess 
the association between ferritin and acute myocar-
dial infarction. The exclusion criteria were: (1) study 
in animal models or animal experiments; (2) reviews 
or editorials; (3) case reports or case series; (4) study 
subjects without acute myocardial infarction.

Data extraction and Statistical analyses
In Table 1, we present the general characteristics, 

including the family name of the first author, year of 
publication, country, study design, source of the paper, 
the number of participants, and serum ferritin levels.

All statistical analyses were performed using the 
standardized mean difference (SMD) methodology in 
MetaXL. The SMD is the pooled difference between 
AMI groups and control groups on mean values across 
a group of studies using a different scale of measure-
ment for the outcome. 95% confidence intervals (CI) 
were used to measure the precision of the summary 
estimates. The random-effects model was used to cal-
culate pooled SMD in the presence of heterogeneity. 
The variance was exhibited using a forest plot. The 
overall heterogeneity among studies was examined 
using the I2 index. The publication bias was evaluated 
using the funnel plot. If the value of I2 was greater 
than 50%, and the value of p was less than 0.05, the 
meta-analysis was considered heterogeneous.

RESULTS

A total of 236 papers were retrieved from PubMed 
and the CNKI. A total of 199 results were eliminated 

predicting the risk of AMI. Serum ferritin is a kind of 
intracellular protein, which regulates the homeosta-
sis of serum iron. Serum iron is essential for oxygen 
metabolism, especially in the chain that generates 
adenosine triphosphate through oxidative respira-
tion in the mitochondria4. There was been no positive 
association between serum iron and the risk of car-
diovascular diseases in recent studies5,6. The objective 
of this paper was to perform a meta-analysis on the 
association between serum ferritin and acute myo-
cardial infarction.

METHODS
Search strategy and data sources

We searched PubMed and the China National 
Knowledge Infrastructure (CNKI) for relevant articles 
that assessed the association between serum ferri-
tin and acute myocardial infarction up to February 
13, 2019, using the following medical subject head-
ing (MeSH) terms: “ferritin”, and “acute myocardial 
infarction”. In addition, we reviewed the reference 
lists of the original articles retrieved. There were 
no language restrictions in the search strategy. Two 
independent reviewers examined the abstracts of 
relevant articles and reviewed the full texts in detail. 
This meta-analysis was performed according to the 
PRISMA statement, which evaluated the methodolog-
ical quality7.

Study selection
The following were the inclusion criteria for eli-

gible studies: (1) studies in humans; (2) observational 

TABLE1. BASIC CHARACTERISTICS OF THE ARTICLES INCLUDED

Author Year country Study design Size Experiment/Control

N Mean (ug/l) SD (ug/l)
Ramesh et al.8 2018 102 51/51 264.2/225.51 40.6/45.35
Yiping9 2014 China Case-control 222 112/110 237.5/171.5 (g/l) 48.4/48.4 (g/l)
Shipra et al.10 2014 India Case-control 100 50/50 268.43/110.96 (ng/

ml)
30.17/56.59 (ng/ml)

Lqbal et al.11 2013 Pakistan Case-control 408 203/205 158.7/87.1 (ng/ml) 136.7/74.7 (ng/ml)
Wadhwa et al.12 2013 India Case-control 80 40/40 279.33/245.15 (mg/l) 46.69/56.94 (mg)
Holay et al.13 2012 India Case-control 150 75/75 324.4/155.65 256.8/79.76
Wenxing et al.14 2005 China Case-control 42 22/20 333.59/166.1 324.6/167.1
Silvia et al.15 2003 India Case-control 145 100/45 257.35/155.42 76.34/76.1
Claeys et al.16 2002 Switzerland Case-control 266 177/89 176/131 155/106
Klipstein-Grobusch et al.17 1999 Netherlands Case-control 172 60/112 183/144 168/142
Moroz et al.18 1997 Israel Case-control 26 20/6 113.5/110 (ng/ml) 58/58 (ng/ml)
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after reading the abstracts. From the remaining 
papers, six reviews and two animal models were 
excluded, and 18 references failed to meet the crite-
ria due to lack of data on standard deviation. Finally, 
11 articles were included in the study (Figure 1). Four 
studies were conducted in India, one in China, one in 
Pakistan, one in Switzerland, one in the Netherlands, 
and one in Israel.

A total of 1469 participants were analyzed. In 

Figure 1, the pooled standard mean difference of fer-
ritin levels between AMI and controls was 0.78 (95%CI, 
0.68-0.88), p=0.00, I2=92%. In Figure 2 and Figure 3, 
we present the funnel plot for serum ferritin and acute 
myocardial infarction. Each spot indicates one study 
with standard error representing the weight of the 
study and its odds risk. The dashed lines indicate 95% 
confidence interval lines, which reflect the symmetry 
of the pooled estimates.
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FIGURE 1. FOREST PLOT FOR THE POOLED DIFFERENCE OF FERRITIN LEVELS

FIGURE 2. PUBLICATION BIAS EVALUATION FOR STUDIES INCLUDED

FIGURE 3. FUNNEL PLOT FOR FERRITIN AND ACUTE MYOCARDIAL INFARCTION
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DISCUSSION

The possibility that high serum ferritin has a 
role in AMI was first postulated in 1985.19 Later, few 
studies supported the association of high ferritin and 
acute myocardial infarction, including: (1) Elevated 
ferritin concentration as a marker of high levels of 
stored iron, which is a strong risk factor related to 
acute myocardial infarction. Men with high serum 
ferritin, not less than 200ug/compared with lower 
serum ferritin.20 (2) A study reported an associa-
tion between reduced stored serum iron through 
blood donation and the risk of myocardial infarction; 
however, a study did not support it.21,22 (3)Increased 
serum levels of ferritin as an independent predictor 
of the occurrence of acute myocardial infarction, 
especially ST-elevation acute myocardial infarction.23 
Our paper is the first meta-analysis that provides 
few case-control studies on serum ferritin related to 
acute myocardial infarction and provides insight into 
its associated risks. In this paper, there is a signifi-
cantly positive association between serum ferritin 
and acute myocardial infarction. There is a distinc-
tion of serum ferritin in the body between the pre-
menstrual and menstrual stage for the same female 
participant. In general, the levels of serum ferritin 
are higher in men than women. The method used 
to measure the phase of acute myocardial infarction 
and the corresponding therapeutic measures were 
different; the followed levels of serum ferritin were 
not standardized. From all studies included, except 
for the study by Claeys et al.16, the level of LDL-cho-
lesterol in controls was greater than in the cases 
in the studies by Yiping9 and lqbal et al.11, respec-
tively, the others were the opposite. In the study 
by Salonen et al.21, the increased serum ferritin 
accelerated the oxidative metabolism of LDL-cho-
lesterol and induced the process of atherosclerosis, 
indirectly.24 Therefore, the levels of LDL-cholesterol 
found in all participants of the studies included were 

a potential factor, which played a role in increased 
heterogeneity. In the stage of health examination, 
high levels of serum ferritin, combined with other 
physical symptoms, could be an indicator of the risk 
of acute myocardial infarction.

Limitation
Subjects in our study are moderate; therefore, the 

limitation is inevitable. There are no follow-up values 
of serum ferritin from the participants in case groups 
to compare with the values in the phase of AMI. The 
sources of heterogeneity remain residual, even though 
the sensitivity analysis was conducted; thus, the het-
erogeneity was inevitable in the paper. Nine studies 
of the eleven included are from Asia; therefore, more 
studies are needed from other countries in Europe, 
America, and Africa. Therefore, further studies about 
the association of serum ferritin and acute myocardial 
infarction are required.

CONCLUSION

In sum, the results of this meta-analysis demon-
strate that serum ferritin in acute myocardial infarc-
tion patients is higher than that of healthy controls.

Author contributions
SW and LPH designed and organized the research. 

LPH supervised the study. LY and CWL acquired, ana-
lyzed, and interpreted data. LPH performed statisti-
cal analysis. SW and LY wrote the manuscript. CWL 
revised the review. All authors contributed toward 
data analysis, drafting and critically revising the paper, 
gave final approval to the version to be published, and 
agree to be accountable for all aspects of the work.

Disclosure
The authors report no conflicts of interest in 

this work.

RESUMO

Antecedentes: a correlação entre o aumento do nível de proteínas de ferro no soro e o infarto agudo do miocárdio (AMI) continua con-
troversa. O objetivo desta análise é confirmar a relação entre o aumento dos níveis de proteínas de ferro no soro y o AMI. Metodologia: 
busca de artigos sobre Pubmed e a infraestrutura nacional de conhecimentos da China (cnki) para avaliar a relação entre a proteína 
de ferro no soro e o infarto agudo do miocárdio, incluída a proteína de ferro no soro e o infarto agudo de miocárdio, até 13 de fevereiro 
de 2019. Resultado: foram identificados 11 estudos para sua analise e todas as análises resumidas tiveram base em modelos de efeitos 
aleatórios. Foram utilizados mapas florestais para mostrar as margens, foi utilizado o índice 12 para examinar a heterogeneidade dos 
estudos e foram utilizados mapas de funil para avaliar os desvios publicados.
A diferença entre a norma de fusão dos níveis de proteína de ferro do Grupo ami e o Grupo de controle é de 0,78 (intervalo de confiança 
de 95% 0,68-0,88). Conclusão: nos resultados das análises da meta indicam que os pacientes com infarto agudo do miocárdio têm 
proteínas de ferro superiores às do Grupo de controle de saúde.
PALAVRAS CHAVE: Infarto do miocárdio. Ferritinas. Metanálise.
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