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Abstract

Background
- Readmission is important not only as a representation factor of quality, but also because of its high cost
and taking up an inconsistent share of hospital care costs. The purpose of this study was to determine
the affecting factors of readmission of patients after myocardial infarction using the minimum data set.

Methods
- This is a descriptive cross-sectional and retrospective study. The research environment was hospitals
a�liated with Shiraz University of Medical Sciences. A total of 320 hospitalized patient �les with
myocardial infarction with the code I21, admitted between April 2011 and October 2019 were reviewed.
After comprehensive review of the literature and sources, 55 criteria were extracted and two expert panel
sessions were held. Univariate and multivariate analysis were used to investigate the relationships
between different factors and readmission. Next, variables that were signi�cant in univariate analysis
were entered into the regression model.

Results
- After convening the expert panel, 32 criteria were �nally approved. The highest rate of readmission
occurred in the �rst 30 days after �rst admission with 84 cases (24%) and according to the present study
the most common clinical (cardiovascular) factors affecting readmission were acute coronary syndrome
with 104 cases (59.43%), atherosclerosis with 92 cases (52.57%), infarction in other areas with 89 cases
(50.86%), anterior myocardial infarction with 88 cases (50.29%), congestive heart failure with 18 cases
(10.29%).

Conclusions-
This study showed that underlying and clinical factors affecting readmissions in a developing country
include acute coronary syndrome, anterior myocardial infarction, coronary artery stenosis/chronic
ischemic heart disease, chronic obstructive pulmonary disease, hypertension at �rst admission and high
amount of sodium in the �rst admission.

Background
Acute myocardial infarction (AMI) is one of the most common causes of hospitalization in industrialized
countries, often due to atherosclerosis and coronary thrombosis (1). And has the largest �nancial impact
on health care (2). In Iran, the �rst and most common cause of death in all ages and both genders, are
cardiovascular diseases, especially coronary artery diseases. Out of a total of 700 to 800 daily deaths,
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317 cases are due to cardiovascular diseases, and 166 cases are due to a myocardial infarction that
occurs over the age of 35 years. In 2013, there were 71,300 readmissions in the United States within
30 days of discharge due to acute myocardial infarction, which has increased hospital costs by more
than $ 1 billion (4). Establishing balance between cost of effectiveness and providing high quality care to
patients is a constant challenge for modern health care systems (5). In general, hospital readmission is
de�ned as a hospital admission for a speci�ed period of time (7, 15, 30, 60, 90 days or even up to one
year), after the initial admission and discharge (6, 7). However, the most common time for readmission is
30 days after discharge (7).

Readmissions are important �rst because they may be linked to the treatment of acute myocardial
infarction. Second, readmission may be due to inadequate management of other comorbidities during the
patient's stay in the hospital (5). Many factors such as age over 70, severity and recurrence of disease,
failure to fully implement care and treatment procedure, underlying diseases, hospital infections, length
of admission in intensive care unit, etc. (8) are involved in readmission. However understanding is the
most important factor and essential for improving disease management, because a thorough
understanding of the subject contributes to the development of strategies to prevent the possibility of
readmission and thus help save money and resources (9). Since medical costs have been rising rapidly,
readmission has led to high economic costs, disruption of family processes, being far from work
environment, and increased provision of health services (12). Prospective studies have shown that 12 to
75 percent of readmissions can be prevented through education patterns, pre-discharge preparation, and
home care provision (13). Evaluating the effectiveness of measures taken to achieve predetermined goals
is a key measurement tool for evaluating health care results, including readmission (12). There are some
limitations to measuring the effectiveness in health care systems. One of the ways of overcoming these
restrictions, is to de�ne criteria for healthcare status, with the aim of comparing its performance against
its status (11). Therefore, the management of hospitals and healthcare authorities of the country should
focus more on optimal utilization of hospital beds, the clinical effectiveness, cost-effectiveness, and do
further investments in this �eld. They should also pay more attention to the most important indicator of
assessing the healthcare abilities of the wards, which is the analysis of the number of readmissions and
hospital mortality rate (8). The minimum Data Set or MDS is a conceptual framework that includes
information about the effectiveness of the provided cares is the basis for acquiring the indexes of
effectiveness (10) This dataset enables proper communication between care providers and facilitates
timely decision making for managers by providing a minimum set of variables related to people's health
status including demographic data, clinical and patient care plan (11).

Given the results and statistics obtained from readmission analysis in similar studies that illustrate the
challenges of this phenomenon all over the world, it is imperative to further understand the phenomenon
of readmission and its related factors (12). Therefore, the present study aims to determine the effective
factors in the readmission of patients after myocardial infarction using a minimum data set.

Methods
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Variable selection
This is a descriptive, cross-sectional and retrospective study. Readmission Period In this study, has been
de�ned as one-year period (6, 7) after the discharge of patient from hospital. After a conclusive review of
the literature and sources, 55 criteria were extracted in three groups (Appendix). Group one: Demographic
factors including two criteria. Group two: Cardiovascular factors Including 11 Criteria. Group three:
underlying factors including 42 criteria. Criteria were assessed using a data collecting form based on
available information sources and surveyed using expert panel method with 5 specialists in two sessions
with a two weeks interval. The decision criterion for accepting each component was that if the collective
agreement on the data element was less than 50%, the component would be removed from the proposed
minimum data set. Items for which there was collective agreement of more than 75% were included in the
minimum data set. The cases that had a collective agreement between 50 and 75 percent were surveyed
again with newer cases that were recommended by the specialists in the second meeting. If the
agreement was 50%, considering the amount of odds ratio, they were surveyed again in the second round.
After the �rst session, 34 out of 55 criteria were approved. In the second session after examining 34
approved criteria in the �rst session, 32 cases were approved. (Group one: demographic factors including
two criteria. Group two: Cardiovascular factors including 10 criteria. Group three: underlying factors
including 20 criteria) (Table 1).

Inclusion criteria were the diagnosis of myocardial infarction con�rmed by a cardiologist based on the
ICD10 book with codes I21.0, I21.1, I21.2, I21.3, I21.4, and I21.9. Exclusion criteria were readmissions due
to selected cases (such as performing coronary vessels subcutaneous interventions) as requested by
hospital authorities. Data collection tool, the information form, consists of two sections: Sect. 1, case
number, date of birth, gender, date of �rst admission, date of discharge after �rst admission, main
diagnosis at discharge after �rst admission, date of readmission, cause of readmission, and the number
of readmissions. In the second part the variables in the minimum data set were surveyed, and in case of
qualitative variables such as congestive heart failure, coronary artery stenosis, etc. questions were in the
form of (have/not have) and for quantitative variables such as age, blood sugar, sodium, blood pressure,
etc. the amount of variable was surveyed. Qualitative variables were collected from admission by
diagnosis of myocardial infarction and readmission of patients. If the patient had been admitted before
admission with a diagnosis of myocardial infarction, previous illnesses were considered as medical
background. The research environment were hospitals a�liated to Shiraz University of Medical Sciences
including Alzahra Heart, Faghihi, Ali Asghar and Kowsar. The records of patients with myocardial
infarction diagnosed between April 2011 and October 2019 were reviewed. Using the results of the
reference article and the rule of thumb, the sample size was determined based on the number of variables
multiplied by 10.

Since 32 variables were �nalized by cardiologists, a sample size of 320 �les was estimated, out of which
160 �les were related to readmitted patients (case) and 160 were non-readmitted patients (control).
Sampling from non-readmission �les were done by simple random sampling method and from �les with
readmissions due to their low count, sampling was done by census method.
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Statistical Analysis
In this study, we �rst provide descriptive statistics for the variables under study. Then, univariate and
multivariate analysis were used to investigate the relationships between different factors and
readmission. At �rst, univariate analysis was performed. In this regard, the frequency difference between
readmission/non-readmission in different groups was evaluated for the qualitative/ordinal variables
using chi-square test. For continuous quantitative variables, t-test was used to examine the mean
difference between the two groups with and without readmission. Next, variables that were signi�cant in
univariate analysis were entered into the regression model. Logistic regression was used for qualitative
(binary) dependent variable. Analyses were performed with Excel and Stata software.
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Table 1
approved criteria (�nalized)

Factors Row Variable Type

Demographic
factors

1 Male sex qualitative
nominal

2 Aged > 65 (age 65, continuous) quantitative
continuous

Cardiovascular
Factors

3 History of CABG surgery qualitative
nominal

4 Congestive heart failure qualitative
nominal

5 Acute coronary syndromes qualitative
nominal

6 Anterior AMI qualitative
nominal

7 Other location of AMI qualitative
nominal

8 Angina pectoris/old AMI qualitative
nominal

9 Coronary atherosclerosis/other chronic ischemic heart
disease

qualitative
nominal

10 Heart failure, Peripheral edema, CHF on radiograph,
rales, gallop rhythm, or S3

qualitative
nominal

11 Valvular and rheumatic heart disease qualitative
nominal

12 Arrhythmias qualitative
nominal

Underlying
factors

13 Cerebrovascular disease qualitative
nominal

14 Stroke qualitative
nominal

15 Vascular or circulatory disease qualitative
nominal

16 Diabetes and DM complications qualitative
ordinal

17 Renal failure qualitative
nominal

18 End-stage renal disease or dialysis qualitative
ordinal
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19 COPD qualitative
nominal

20 Disorders of �uid\electrolyte\acid-base qualitative
nominal

21 Metastatic cancer and acute leukemia qualitative
nominal

22 Iron de�ciency and other\unspeci�ed anemias and
blood pressure

qualitative
nominal

23 Hypertension quantitative
discrete

24 Shock qualitative
nominal

25 Time since chest pain started 6–12 quantitative
discrete

26 Time since chest pain started >12 quantitative
discrete

27 BUN quantitative
discrete

28 Creatinine quantitative
discrete

29 ST-segment elevation qualitative
nominal

30 Left bundle-branch block qualitative
nominal

31 Second/third-degree heart block qualitative
nominal

32 Sodium < 130 quantitative
discrete

Results
The subjects were in the age range of 31–92 years with a mean age of 63.5 years. The majority of
patients (69.43%) were male and 53.71% were under 65 years of age. The highest readmission rate
occurred in the �rst 30 days of �rst admission with 84 cases (24%). According to the statistical results of
the Chi-square test with 95% con�dence level, readmission had no signi�cant difference for patients over
and below the age of 65 years. (P-value = 1.0) Also, no signi�cant difference was found in male and
female readmission rates. (P-value = 0.7)

Based on the results of chi-square test (univariate), variables of acute coronary syndrome (p-value = 0.0
and x2 = 72.3), coronary artery stenosis/chronic ischemic heart disease (p-value = 0.0 and 0.9). 20 (x2 = 
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20.9), chronic obstructive pulmonary disease (p-value = 0.03, x2 = 4.6) had a signi�cant difference with
readmission, which showed a signi�cant increase in readmission rate due to the above diseases.

According to the independent t-test, there was a signi�cant difference in mean blood pressure at �rst
admission (p-value = 0.01) and mean sodium level at �rst admission (p-value = 0.03). Hence, the blood
pressure and sodium levels at �rst admission were higher in patients with readmission compared to
those without readmission. But according to the results, there wasn’t a signi�cant difference seen
between the two groups in terms of variables such as blood sugar (p-value = 0.7), urea (p-value = 0.3) and
creatinine (p-value = 0.9) variables, in the �rst admission.

Then, a multivariate logistic regression was performed. In this model, the signi�cant variables of chi-
square test and t-test were entered into the model by backward method and were shown in the output of
variables that in�uenced the readmission rate (Table 2).

Table 2
The odds ratio of readmission in patients with myocardial infarction diagnosis in hospitals under study in

the province of Shiraz using logistic regression
Cause of Readmission Odds

Ratio
Standard
Error

Statistic
z

P
value

95% Con�dence Rate

Minimum Maximum

Acute coronary syndrome 12/51 3/95 8/00 0/00 6/74 23/25

Anterior myocardial
infarction

2/06 0/58 2/55 0/01 1/18 3/59

Coronary atherosclerosis 3/93 1/16 4/65 0/00 2/21 7/00

Chronic obstructive
pulmonary disease

20/23 22/98 2/65 0/01 2/18 187/50

Sodium level at �rst
admission

1/03 0/04 0/83 0/41 0/96 1/12

Blood pressure at �rst
admission

1/01 0/00 1/26 0/21 0/99 1/02

Consonant 0/00 0/00 -1/37 0/17 1/68e-08 23/12

According to the values obtained from Table 2, the chance of readmission in people with acute coronary
syndrome is 12.51 times higher (CI: 73.6–23.2 95% and p-value = 0.0).

Another variable is coronary atherosclerosis, which has a signi�cant effect on readmission. According to
the results of the study, with progression of coronary atherosclerosis the chance of readmission of
patients after myocardial infarction was 3.93% higher (CI: 2.2-7.0 95% and p-value = 0.0).

Also, according to the results, chronic obstructive pulmonary disease increased the odds of readmission
by 20.2 times (p-value = 0.01 and 95%CI:2.187-1.5) anterior myocardial infarction (p-value = 0.01 and
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95%CI/: 1.1–3.5), blood pressure at �rst admission was 1.00 times (p-value = 0.21 and 95%CI: 0.9-1.0)
and the amount of sodium at �rst admission increased 1.03 times (p-value = 0.41 and 95%CI: 0.9–1.1).

Discussions
The results of this study showed that 24% of the patients under study were readmitted from the �rst 30
days of discharge. This is largely consistent with the study of Kumar Dharmarajan et al. 2017, Corey
Fehnel et al. 2015, Jeremiah Brown et al. 2014, Sheida Sajjadi et al. 2016, and Nahid Hatam et al. 2014.

Regarding the study of readmission rates, there have been numerous studies abroad and in Iran that have
suggested different rates for readmission. The difference between the results may be due to different
factors such as admission unit, clinical and demographical conditions of patients and etc. (8)

According to the present study, 94 cases (53.72%) were under 65 years of age with the highest
readmission rate. The results of this study are inconsistent with any of the studies. There is no credible
evidence to justify the discrepancy of this study with previous studies, but the cultural differences,
background knowledge and information of patients, individual characteristics of the subjects under study,
mentality and judgment of people towards health centers, livelihood and economical status will be
among those factors.

Maybe further studies with larger sample size can determine the relationship between age and
readmission. There may also be a different result from reviewing readmission in a longer span of time
(14).

According to the present study, the highest rate of readmission was found in 123 male cases (69.43%). In
2018, Ronald Chamberlain et al reported more readmissions in men (15). In a 2014 study by Jeremiah
Brown et al., The mean age of patients discharged for acute myocardial infarction was 78.4 with 51.6%
male, which is consistent with this study (16). On the other hand, this is inconsistent with the study of
Menal Etemadi et al. (2017), in which 54% of patients were female and 46% were male (17). This
discrepancy may be because men have a higher risk of having coronary artery disease than women
before the age of menopause, but after menopause, the risk of coronary artery disease increases (18).

The results of this study on the most common clinical factors (cardiovascular) affecting readmission are
largely consistent with the studies done by Chun Shing Kwok et al (2017), which claims, the most
common cardiac causes are acute coronary syndrome (17.1%), unstable angina (11.6%) and heart failure
(9.8%)(5). Also, Cashel O'Brien et al (2017) reported ischemic heart disease and heart failure (4), which is
also in line with this study.

Also in the Lucia Fernandez et al (2017) study, most readmissions were related to cardiovascular causes
(60%) and heart failure were the most common cause (34%) (20). And Harlan et al. (2011) reported that
the most primary diagnosis at the time of discharge for readmissions, was heart failure (17%), acute
myocardial infarction (7%), coronary atherosclerosis (4%), pneumonia (3%), and acute kidney failure (3%).
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However, in the 2010 Heydari et al. study, readmission rates of cardiac patients were 57% and the highest
frequency was in patients with valvular heart disease and heart failure (13). But in the current study,
factors such as acute coronary syndrome, anterior myocardial infarction, coronary atherosclerosis,
chronic obstructive pulmonary disease, sodium levels at �rst admission, and blood pressure level at �rst
admission were affective.

The most common underlying factors (comorbidities) effective in readmissions reported in this study are
largely consistent with the study of Ronald Chamberlain et al. (2018). She referred to factors such as
renal failure, chronic pulmonary disorder, diabetes, depression, and electrolyte �uid dysfunction after
admission to patients with CHF (15). However in other studies such as Mahek Shah et al. In 2018 other
factors including infection (11.7%), respiration (9.2%), injury/burn/ poisoning related to conditions (7.8%),
Gastrointestinal/hepatic biliary/pancreas (6.9%) and genital system disorders (4.6%) have been cited as
the most common causes of non-cardiovascular disease (19). Also, Chun Shing Kwok et al. (2017) have
mentioned for various reasons for non-cardiac readmissions including gastrointestinal infection (4.3%),
gastrointestinal problems (4.9%), bleeding (3.7%), dizziness, Syncope or falls (3%) and pulmonary
embolism (4.2%). (5) Since most of the above studies have been conducted in developed countries that
depending on the type of culture and lifestyle are at different levels than developing countries the results
could be different from the research done in Iran.

In developed countries, more has been done in terms of culturing and providing post-discharge education
to patients and informing patients about the importance of pursuing treatment which can affect the
effective factors in readmission.

Conclusions
The results of the present study showed the clinical and contextual factors, some of which are adjustable,
increase the risk of readmission for patients that have acute myocardial infarction and in conclusion,
evaluation and analysis of these factors and objective intervention for these patients, seems to be the
proper approach to lower the readmission rate. Although this study aimed to identify patients with risk of
readmission, but further studies for identi�cation of other effective factors in readmission patients seems
to be necessary.

According to the results, it is recommended that people receive necessary education through public media
about the risk factors of myocardial infarction, which include inactivity, obesity, smoking, age over
60 years. It is also important that people know about the early symptoms of a heart attack and how to
treat these patients (22).

Identifying risk factors is a tool to reduce the risk of cardiovascular disease by reducing modi�able risk
factors and making better therapeutic decisions by more accurately determining the status of all risk
factors. Reducing the risk factors is the primary clinical action is for reduction of mortality and morbidity
of cardiovascular disease. Epidemiological studies help identify risk factors to reduce the risk of
cardiovascular disease by adopting appropriate strategies. Given the importance of the disease and the
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risk factors for cardiovascular disease, preventing its spread is a multifaceted task and in addition to the
people who have a key role to play, authorities should actively participate and cooperate too. It is also
recommended to change the lifestyles, encourage healthy diet, limit alcohol consumption, control blood
pressure, quit smoking, and avoid stress and pay attention to exercise (23).

Researchers argue that proper post-discharge follow-up that requires close hospital a�liation with the
patient in the post-discharge period can signi�cantly reduce the frequency of hospital admissions of the
patients. During these follow-up, the patient's potential and actual problems are discovered by the
treatment and care team, providing an opportunity to apply the right method of patient management (24).
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