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↑What is “already known” in this topic: 
Anemia, as one of the complications associated with acute 
coronary syndrome, including myocardial infarction, can have 
a predictive role in the incidence of in-hospital or long-term 
outcomes. Although anemia may be related to several factors in 
STEMI patients, the pattern of these association is not specified 
in our society.   
 
→What this article adds: 

Anemia may increase the complications of STEMI patients, 
especially in hospital outcomes, when they are admitted to the 
hospital.  In addition, female gender, hyperglycemia, and 
history of MI are most important factors related to anemia that 
may have a major role in the complications of STEMI.  
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Abstract 
    Background: Anemia is one of the symptoms of hospital patients suffering from ST-elevation myocardial infarction (STEMI), 
which may have a predictive role in short- or long-term complications. This study aimed to identify anemia risk factors and related 
short- or long-term outcomes in STEMI patients. 
   Methods: This was a prospective study of patients older than 18 years diagnosed with STEMI who admitted to Imam Ali hospital 
from 2014 to 2015. To collect demographic and clinical information related to anemia, a questionnaire compiled by researchers was 
administered. The collected data were analyzed by SPSS (version 20); also, independent t test and multiple logistic regression analyses 
were applied to find related risk factors of anemia in STEMI patients. Significance level was set at p < 0.05 for all statistical tests. 
   Results: In total, 49 (11.7%) out of 423 patients suffered from anemia. STEMI patients with anemia were more likely to be female 
(OR = 2.92; CI 95% = 1.58-5. 38), diabetic (OR = 2.5; CI 95% = 1.32- 4.74), ≥ 60 years old (OR = 2.42; CI 95% = 1.24-4.73), 
nonsmokers (OR = 2.18; CI 95% = 1.07- 4.4), and susceptible to require in-hospital cardiopulmonary resuscitation (CPR), (OR = 3.12; 
CI 95% = 1.35- 7.1). In the final analysis, using the Forward Wald model in logistic regression, anemia remained significantly related 
to female gender (OR = 2.76; CI 95% = 1.42-5.36), diabetes mellitus (OR = 2.38; CI 95% = 1.2-4. 74), and a history of MI (OR = 2.5; 
CI 95% = 1.04-6.11).  
   Conclusion: STEMI patients with anemia are more susceptible to have in-hospital outcomes. Furthermore, female gender, 
hyperglycemia, and history of MI were factors related to anemia that might have major role in the complications of STEMI. 
 
Keywords: ST-elevation myocardial infarction, Anemia, Risk factors, Mortality 
 
Conflicts of Interest: None declared 
Funding: Kermanshah University of Medical Sciences (number: 93171) 
 
*This work has been published under CC BY-NC-SA 1.0 license. 
  Copyright© Iran University of Medical Sciences  
 
Cite this article as: Rai A, Babanejad M, Sanadgol S, Karim H, Janjani P, Rai AR, Shahmohammadi A. Investigation of anemia risk factors and its 
related outcomes in patients with ST-elevation myocardial infarction. Med J Islam Repub Iran. 2020 (3 Sep);34:113. 
https://doi.org/10.47176/mjiri.34.113  
 
 

Introduction 
Acute coronary syndrome (ACS) covers a wide range of 

diseases from unstable angina to myocardial infarction 
(MI). MI is diagnosed through clinical findings such as 

electrocardiography (ECG), increased level of blood bi-
omarkers, and imaging. MI confirmed by ECG patterns is 
displayed as ST-segment elevation MI (STEMI) or non-
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ST-segment elevation MI (1). Despite the reduced inci-
dence of STEMI in the last decade, it accounts for 25% to 
40% of MI cases (2-4).  

Anemia, as one of the complications associated with 
ACS patients, can have a predictive role in the incidence 
of in-hospital or long-term outcomes (5-7). Different stud-
ies have revealed an association between the level of he-
moglobin and in-hospital complications among STEMI 
patients (8, 9). Iron deficiency is one of the most common 
causes of anemia among adults in the Middle East and 
North Africa. It has also been proved that STEMI patients' 
epidemiological examination in terms of risk factors and 
used strategies is significantly different from that em-
ployed in developed countries. For instance, primary per-
cutaneous coronary intervention (P.PCI) has not yet been 
considered as the main strategy in the treatment of STEMI 
patients. Therefore, evaluating the relationship of anemia 
with outcomes and risk factors of MI seems to be essential 
in developing countries. In the literature review, there was 
no comprehensive study in Iran, especially in Kerman-
shah, to evaluate the relationship between in-hospital risk 
factors (eg, low ejection fraction, streptokinase uptake) 
and in-hospital outcomes (eg, cardiopulmonary resuscita-
tion (CPR), mortality from anemia), except for a limited 
study aimed at examining the relationship between both 
serum ferritin and iron with the presence of diabetes in 
STEMI patients (10). Accordingly, this study was con-
ducted to determine the risk factors and in-hospital clini-
cal outcomes related to anemia among STEMI patients in 
Imam Ali hospital, Kermanshah. 

 
Methods 
This prospective study examined a sample of STEMI 

patients over 18 years who were admitted to Imam Ali 
hospital, Kermanshah, using convenient sampling. At 
first, the demographic and clinical information and in-
hospital complications of all patients admitted to the hos-
pital from March 22, 2014 to September 22, 2015 were 
recorded. Then, all patients were followed up 1 year later 
only in terms of mortality rate, but the interval times such 
as monthly mortality were not recorded during the year. 
In-hospital patients were defined as patients whose com-
plications occurred between hospital arrival and hospital 
discharge. After the MI event was diagnosed and con-
firmed by the cardiologist, all information about the diag-
nosed condition and demographic and clinical information 
was collected via a research-made questionnaire.  The 
validity of the questions was approved by 5 cardiologists 
who analyzed the content.  

The questionnaire consisted of 2 sections. The first sec-
tion collected background and demographic information 
about the patients' age and gender, history of hypertension 
or taking blood pressure medication, diabetes, or taking 
hypoglycemic drugs, hyperlipidemia, MI, cerebrovascular 
attack (CVA), and current smoking. The history of pa-
tients and their cardiovascular risk factors was collected 
on admission or during the first 24 hours. The second sec-
tion of the questionnaire covered the in-hospital and clini-
cal features and 1-year mortality and included the follow-
ing variables: cardiogenic shock, CPR, ejection fraction 

(EF) (40 ≤ and less), streptokinase administration, P-PCI, 
and the patients' in-hospital and 1-year mortality. Cardio-
genic shock was characterized by a persistent drop in sys-
tolic blood pressure (less than 90 mmHg for > 30 minutes) 
and reduced cardiac index (< 2.2 L/minute/m2) and pul-
monary capillary wedge pressure (> 18 mm Hg) (11). In 
addition, the scale score reliability of Cronbach alpha was 
estimated at 0.74 in this study, which was acceptable (12). 
Those patients who underwent CPR on arrival and needed 
it during their hospitalization were excluded from the 
study due to their different health conditions. 1-year mor-
tality was recorded by the cardiologist by calling the num-
ber recorded on the related form. Those who were not 
available, were called again after 1 or 2 weeks to check 
their survival status, and if they were not available, the 
hospital's Health Information System was used to examine 
their mortality. Finally, if their survival status remained 
unknown, they were considered as censored data. 

To perform the necessary tests for MI patients, a blood 
sample was taken on admission. In the present study, 
anemia was defined according to WHO standards in 
which anemic condition is defined as a hemoglobin level 
lower than 13 g/dL and 12g/ dL for men and women, re-
spectively (13), and the relationship between the above 
mentioned demographic and clinical variables in anemic 
and nonanemic patients was compared. 

This study has taken the necessary ethical steps when 
investigating and collecting information. To obtain con-
sent, the researcher talked to patients face to face and ex-
plained the aim of the study and reassured them that the 
information would remain confidential. When some 
STEMI patients were not able to provide the demographic 
information, their first-degree family answered the ques-
tions. The study project number and ethical approval code 
of the study were 93171 and KUMS.ARBC.1395.819, 
respectively. 

 
Statistical analysis 
Finally, the collected data were analyzed by SPSS (ver-

sion 20). An independent t test was used to show the dif-
ferences between age and anemia. To estimate the odds 
ratio (OR) of the desired variables, a multiple logistic re-
gression analysis was used and the variables of age group, 
gender, history of diabetes, smoking, history of MI, in-
hospital CPR, EF, and streptokinase, with p-value < 0.2 in 
univariate analysis, were entered into the multiple logistic 
regression analysis using the enter method. After the mul-
tiple analyses, the Forward Wald method was used to find 
the variables that had a stronger relationship with anemia 
independently. Since the data included only 1-year mortal-
ity, and monthly mortality was not recorded, the Cox re-
gression analysis was not applied. Significance level for 
multiple analyses was set at p < 0.05 for all statistical 
tests. 

 
Results 
The present study examined 480 hospitalized STEMI 

patients. Of the patients, 57 were excluded from the study 
because they did not give their consent. Ultimately, 423 
patients were investigated and all were followed up 1 year 
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later in terms of mortality. Also, 36 patients were censored 
after the 1-year follow-up. Moreover, 314 (74.2%) 
patients were male and the rest were female.  

 In general, 49 out of 423 STEMI patients (11.7%) suf-
fered from anemia. The mean and standard deviation of 
the patients' age was 66.17 ± 13.25 among anemic patients 
and 60.97 ± 12.57 among nonanemic patients, which indi-
cated a significant difference (p = 0.008). Patients with 
anemia were more likely to be ≥ 60 years old (OR = 2.42; 
CI 95% = 1.24-4.73), female (OR = 2.92; CI 95%= 1.58-
5. 38), diabetic (OR= 2.5; CI 95% = 1.32- 4.74), and non-
smokers (OR = 2.18; CI 95%= 1.07- 4.4). However, there 
was no relationship between anemia and hypertension, 
dyslipidemia, MI, and CVA (Table 1). 

Patients with anemia were more likely to require CPR 
during their hospitalization (OR = 3.12; CI 95% = 1.35- 
7.1), while this relationship was not seen between anemia 
and cardiogenic shock, EF, streptokinase administration, 
primary PCI, in-hospital, and 1-year mortality (Table 2).  

After performing a multiple analysis, having anemia had 
a significant association with history of diabetes mellitus, 
while this relationship did not remain for age group, gen-
der, smoking, history of MI, in-hospital CPR, EF, and 
streptokinase. In the enter method, considering those vari-
ables which were eligible in the univariate model, anemic 
patients were more likely to be diabetic (OR = 2.43; CI 
95% = 1.2-4. 92) (Table 3). 

In the multiple analysis, the use of the Forward Wald 

 
Table 1. Demographic characteristics of ST-elevation myocardial infarction patients according to the presence of anemia 
Variables Nonanemic  

No. (%) 
Anemic 
No. (%) 

P value Crude 
OR (95%CI) 

Mean age (±SD) 60.97 (±12.57) 66.17 (±13.25) 0.008 1.03 (1.00-1.06) 
Age group(year)     
< 60  175 (47.4) 13 (27.1)  

0.009 
1 

≥ 60 194 (52.6) 35 (72.9) 2.42 (1.24-4.73) 
Gender     
Female 86 (23.2) 23 (46.9) 0.001 2.92 (1.58-5.38) 
Male 284 (76.8) 26 (53.1)  1 
History of HTN     
No 216 (58. 5) 24 (49.0)  

0.201 
1 

Yes 153 (41.5) 25 (51.0) 1.47 (0.8-2.67) 
History of Diabetes     
No 296 (80.7) 30 (62.5)  

0.005 
1 

Yes 71 (19.3) 18 (37.5) 2.5 (1.32-4.74) 
Hyperlipidemia     
No 293 (85.7) 37 (78.7)  1 
Yes 49 (14.3) 10 (21.3) 0.212 1.61 (0.75-3.46) 
Current Smoker     
No 213 (59.3) 35 (76.1)  2.18 (1.07-4.43) 
Yes 146 (40.7) 11 (23.9) 0.030 1 
History of MI     
No 334 (90.5) 40 (81.6) 0.060 1 
Yes 35 (9.5) 9 (18.4)  2.14 (0.96-4.79) 
History of CVA     
No 347 (94.8) 47 (95.9) 0.701 1.28 (0.3-5.7) 
Yes 19 (5.2) 2 (4.1)  1 
 
Table 2 . The in-hospital outcomes and 1-year mortality in patients presenting for ST-elevation myocardial infarction according to the presence of 
anemia 
Variables Nonanemic  

No. (%) 
Anemic 
No. (%) 

P value Crude 
OR (95%CI) 

Cardiogenic shock     
No 354 (95.7) 45 (91.8)  

0.240 
1 

Yes 16 (4.3) 4 (8.2) 1.96 (0.63-6.14) 
In hospital CPR     
No 338 (93.1) 39 (81.3)  

0.007 
1 

Yes 25 (6.9) 9 (18.7) 3.12 (1.35-7.16) 
Ejection fraction     
≤ 40 210 (58.2) 32 (68.1)  

0.110 
1.53 (0.8-2.93) 

> 40 151 (41.8) 15 (31.9) 1 
Streptokinase     
No 89 (24.3) 17 (34.7)  

0.129 
1.65 (0.88-3.13) 

Yes 278 (75.7) 32 (65.3) 1 
P.PCI     
No 324 (91.8) 43 (91.5)  1 
Yes 29 (8.2) 4 (8.5) 0.904 1.03 (0.34-3.1) 
In-hospital mortality     
No 344 (93.0) 43 (87.8)  1 
Yes 26 (7.0) 6 (12.2) 0.207 1.85 (0.7-4.73) 
One-year mortality     
No 314 (91.5) 37 (86.0) 0.202 1 
Yes 29 (8.5) 6 (14.0)  1.75 (0.68-4.5) 
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model ultimately resulted in a final OR for the relationship 
between anemia and female patients (OR = 2.76; CI 95% 
= 1.42-5.36),  diabetes mellitus (OR = 2.38; CI 95% = 1.2-
4.74), and MI history (OR = 2.5; CI 95% = 1.04-6.11). 
Also, pseudo R square for these 3 ORs was 0.1.  In other 
words, these 3 variables had the highest association with 
anemia among STEMI patients. 

 
Discussion 
This study aimed to determine anemia risk factors and 

related short- or long-term outcomes in STEMI patients. 
This study showed that anemia was significantly more in 
females and diabetic patients. STEMI patients with ane-
mia had a higher in-hospital mortality but it was not sig-
nificant. Eventually, in-hospital CPR was higher in ane-
mic patients. 

Anemia, which is due to iron deficiency, is the most im-
portant micronutrient deficiency worldwide. The condi-
tion is common in both developing and developed coun-
tries, but is more prevalent among women. Anemia may 
lead to several chronic complications if it remains untreat-
ed (14). This study demonstrated that the chance of ane-
mia was higher among women than among men. Several 
studies have proven the high prevalence of anemia among 
female patients suffering a heart attack (5, 7, 15, 16). 
Some studies on MI patients demonstrated that the hemo-
globin level in women was significantly lower than that in 
men (17, 18), which is an indicator of female susceptibil-
ity to this complication. However, some studies suggest 
that the frequency of anemia was similar among male and 
female with STEMI (15). 

This study revealed that anemia is twice more common 
in diabetic patients than in the nondiabetic. Generally, the 
rate of anemia in diabetic patients, regardless of MI, was 2 
to 3 times more compared to nondiabetic patients (19); 

this can account for MI patients as well. In the study con-
ducted by Jomaa et al (2016), 1498 STEMI patients were 

examined, and the findings revealed that the incidence of 
diabetes in anemic patients was significantly more than 
nondiabetic patients (17). Sulaiman et al (2012) also sup-
ported the prevalence of anemia in half of the patients 
with acute coronary syndrome (20). In fact, it can be ar-
gued that diabetes can not only independently result in 
mortality, but can also increase the chance of MI and mor-
tality if it is complicated by anemia;  therefore, the im-
portance of its prognosis should not be ignored (21). 

Based on the findings, there was no significant associa-
tion between anemia and in-hospital and 1-year mortality. 
However, anemia was more prevalent among patients who 
died. Most previous studies have confirmed the associa-
tion between anemia and in-hospital and 1-year mortality, 
especially among STEMI patients; as an independent vari-
able, anemia increases the cardiovascular mortality rate 
(20-22). Nevertheless, another study on MI patients was in 
line with the findings of this study. Mortality rate was not 
significant in patients who were diagnosed with anemia, 
according to the ninth edition of coding the International 
Classification of Diseases (5). The hemoglobin level in the 
primary assessment of STEMI patients can strongly and 
independently predict these patients' cardiovascular out-
comes such as mortality. There is a J-shape relationship 
between the hemoglobin level on admission and clinical 
outcomes, so the mortality rate increases due to cardiovas-
cular disorders among the patients with a hemoglobin lev-
el lower than 14g/dL. Likewise, mortality rate increases 
when the hemoglobin level is more than 17 g/dL (11). 
Consequently, both ranges in STEMI patients should be 
taken into account as a risk factor leading to mortality.  

Anemia increased the odds of in-hospital PCR at uni-
variate level by 3 times; however, the impact of this 
amount of OR and its level of significance were eliminat-
ed after reducing and balancing the intervening variables. 
The frequency of cardiogenic shock, which mainly leads 
to CPR, was higher in anemic patients. Considering the 

Table 3. Odds ratios of different variables according to the occurrence of anemia in STEMI patients 
Variables Crude 

OR (95%CI) 
Adjusted 

OR (95%CI) 
Age group (year)   
< 60  1 1 
≥ 60 2.42 (1.24-4.73) 1.42 (0.63 -3.17) 
Gender   
Female 2.92 (1.58-5.38) 1.91 (0.9-4.1) 
Male 1 1 
History of diabetes   
No 1 1 
Yes 2.5 (1.32-4.74) 2.43 (1.2-4.92) 
Current smoker   
No 2.18 (1.07-4.43) 1.28 (0.54-3.04) 
Yes 1 1 
History of MI   
No 1 1 
Yes 2.14 (0.96-4.79) 2.14 (0.83-5.5) 
In-hospital CPR   
No 1 1 
Yes 3.12 (1.35-7.16) 2 (0.75-5.34) 
Ejection fraction   
≤ 40 1.65 (0.78-3.48) 1.65 (0.78-3.48) 
> 40 1 1 
Streptokinase   
No 1.58 (0.76-3.27) 1.58 (0.76-3.27) 
Yes 1 1 
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close relationship between the occurrence of in-hospital 
outcomes such as cardiogenic shock and the amount of in-
hospital CPR and also considering that some studies sup-
ported the relationship between cardiogenic shock and 
anemia (17, 20), it can be maintained that the need for in-
hospital CPR is influenced by the level of anemia in the 
sample of the study. On the other hand, according to 
above-mentioned studies, anemic patients have a higher 
mortality rate. Since in-hospital mortality occurs after the 
administration of CPR, patients who undergo CPR can be 
classified as a group whose level of anemia is higher than 
those who do not receive CPR.  However, more studies 
with large sample sizes can lead to a more generalizable 
relationship. 

 
Limitation 
As a limitation, self-reporting method was used to doc-

ument other health issues in the elderly, making it suscep-
tible to social desirability bias. Thus, if possible, this 
should be minimized in future studies (23).  

 Advantages 
The results of this study on STEMI patients with anemia 

can be useful to prevent severe in-hospital outcomes. In 
addition, obtained information on clinical history and de-
mographic characteristics of STEMI patients with anemia 
can avoid unwanted complications.  

 
Conclusion 
It seems that there are several related factors for anemia 

in STEMI patients that may increase the complications of 
the disease. In addition, STEMI patients with anemia can 
be considered as a high-risk group of in-hospital outcomes 
when they are admitted to the hospital. Future studies 
should be conducted to examine the relationship between 
anemia and CPR in STEMI patients with larger sample 
sizes. In addition, the frequency of mortality in the anemic 
patients was higher. However, there was no significant 
association between anemia with in-hospital and 1-year 
mortality in STEMI patients. Furthermore, female gender, 
hyperglycemia, and history of MI are most important fac-
tors related to anemia that may have a major role in the 
complications of STEMI. 
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