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ABSTRACT
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Background: Ischemic Heart Disease (IHD) is the leading cause of mortality in
both developed and developing countries. It accounts for more than 15% of the total
mortality worldwide. At the global scale, the massive occurrence of this disease can have
tremendously negative effects on economy, especially among young people.
Objective: The present study aimed to investigate the relationship between IHD and
several important risk factors involved. It also looked into the prevalence of IHD among
patients between 20 and 40 years of age.
Methods: The present cross-sectional, retrospective survey was conducted in three
referral heart hospitals affiliated to Mashhad University of Medical Sciences, Iran. The
required data were extracted from integrated Hospital Information System (HIS) from
2010 to 2012. The data included clinical and demographic information, such as age,
gender, marital status, occupation, diabetes, blood pressure, blood cholesterol, cigarette
smoking, and family history. In the next phase, clustering technique and k-means
algorithm were applied using the WEKA (3-6-9) software.
Results: Totally, 88623 patients suffered from heart diseases between 2010 and 2012.
When the specific inclusion and exclusion criteria were considered, the number of records
was restricted to 776, which included 548 males. The clustering technique was done in
two phases. Firstly, there were four clusters extracted and secondly, cluster analysis was
done in terms of age and gender. According to the findings, cigarette smoking in males
aged between 20 and 40 years was the main risk factor.
Conclusion: The present research aimed to investigate the risk factors of heart diseases
among patients between 20 and 40 years of age. Those below 40 years old were known
as the main human resource in the community. The early prevalence of IHD in this
population disabled them for the rest of their lives. This disability could also lead to
irreparable physiological effects along with financial costs. It could also impose high
costs on the society. Recognition of the risk factors of heart diseases at younger ages
could contribute to healthcare policies.
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1. Background
Cardiovascular Diseases (CVD), defined as the diseases
of heart and circulatory system, are the main cause of
mortality, morbidity, and hospitalization in males and
females all over the world. Statistics have shown that CVD
resulted in death of about 17.5 million people throughout
the world in 2012, which made up 31% of all global deaths.
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Among these people, an estimated 7.4 million died due to
Coronary Heart Disease (CHD) (1). According to a body
of research conducted in Iran, occurrence of CVD is very
high and the related mortality rate is on the rise (2, 3).
Ischemic Heart Disease (IHD) is mostly revealed with
angina and myocardial infarction and is a leading cause of
mortality worldwide. It led to 7,249,000 mortalities in 2008,
accounting for 12.78% of the total global mortality rate (4,
5). IHD is usually common among the aged. The mortality
rate associated with IHD is very low for those below 40
years old. According to the World Health Organization’s
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(WHO) statistics (2001) on IHD mortality rate, the total
number of male deaths between 5 and 40 years old in the
Middle East and North Africa was 50, while it was 7,174
for those above 40 years old (the numbers were respectively
18 and 5,907 for females). In fact, IHD was traditionally
considered a disease among males, but it can now be
considered a leading cause of death among both males and
females (4, 6).
The side effects of IHD among the youth threaten social
health and economy. IHD places a major economic burden
on economy and the public health system (7, 8). Fortunately,
despite the harmful consequences of IHD on social health
and economy, it is considered a preventable and nonepidemic disease.
IHD is associated with a wide range of risk factors. Some
risk factors including hypertension and hyperlipidemia are
controllable, while some others such as age and family
history are not (9). In 2002 - 2003, a multi-center study was
conducted to measure the prevalence of four conventional
risk factors (cigarette smoking, diabetes, hyperlipidemia,
and hypertension) among 122,458 patients with CHD.
Among these patients, 84.6% of females and 80.6% of males
showed to have at least one of the risk factors in question.
Indeed, premature CHD was correlated to smoking
cigarettes among males and diabetes among females (10).
There have been reports on the impact of geographical
differences on the correlation between IHD and the relevant
risk factors. As an example, hypertension played a critical
role in the growth of IHD in Asia towards developed
Western countries (11). Furthermore, hypertension might
be more salient among Chinese people than those living in
European countries (12, 13). Thus, it is essential to raise
public awareness of the risk factors associated with heart
diseases prevailing in the society.
IHD accounts for 50% of all mortalities per year in Iran (2,
14). Many risk factors are responsible for the development
of IHD in Iran. The related body of academic research
indicates that IHD usually appears during middle and old
ages in Iran (15). The high prevalence of IHD among the
youth could point to a serious health crisis in communities.
Awareness of this crisis is the greatest opportunity for
medical interventions to minimize the spread of the disease
(16). However, no research has been conducted on the
prevalence of IHD in the Iranian context at younger ages,
especially between 20 and 40.
2. Objectives
This study aims to assess the prevalence of IHD and to
identify the relevant risk factors for patients between 20 and
40 years old in Mashhad based on statistical analyses and
the clustering technique. The results would express their
benefit to public health programming.
3. Patients and Methods
The present applied research was retrospective, descriptive,
and cross-sectional. It was conducted in Mashhad, the
Spiritual Capital City of Iran and a main medical and
therapeutic destination in the East of the country. The
data were collected from 88,623 patients with IHD at
Ghaem, Imam Reza, and Shahid Hasheminejad hospitals
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in Mashhad between 2010 and 2012. Purposive sampling
was used to collect the required data based on two inclusion
criteria; age range of 20 - 40 years and diagnosis of IHD.
The IHD diagnosis codes were I20.00 - I25.99 in ICD.
The demographic information included age, gender,
marital status, occupation, and the final IHD diagnosis codes
extracted from the Hospital Information System (HIS). The
clinical data included the main risk factors of heart diseases
set by heart specialists and the related body of literature.
These included diabetes, hypertension, hyperlipidemia,
family history, smoking cigarettes, obesity, and physical
activity according to physicians’ descriptions included in
the patients’ paper records. Next, the data were prepared for
pre-processing. As there were instances of low-quality data
such as recurrent, incorrect, ambiguous, heterogeneous, and
unrecorded data, data cleaning was done initially to have
precise, valid, and flawless data for analysis.
3.1. Descriptive Statistics
To start data analysis and knowledge extraction, it is
essential to know the features of the variables and their
distribution. In practice, data analysis is weak and defective
without descriptive statistics. At first, the variables that
were continuous and quantitative were categorized. These
variables included age divided into four groups and the length
of stay divided into three groups. Then, the distribution of
the variables was determined via the binominal test as well
as chi-square test in SPSS 19 and Prism 6 software. The
former is run when the target variable is bimodal and the
aim is to estimate a particular ratio in population. This test
was run to check the distribution of age, marital status, and
the risk factors of heart disease. Chi-square test was used to
check the distribution of occupation and length of stay. P ˂
0.05 was considered to be the significance level.
3.2. Data mining Model
Different data mining techniques can be divided in two
general categories according to their application. The first
category includes predictive techniques that aim to predict
unknown cases and the second category includes descriptive
factors that discover comprehensible patterns of data for
human beings including descriptive methods, discovery
of association rules, and clustering method adopted in the
present study.
Association rules explore and find interrelationships
within a dataset. The major algorithms used to discover
the association rules are Eclat, FP-Growth, and APRIORI,
the last of which was used in the present research. This
algorithm is built upon databases that include interactions
and aim to find the dependencies between different datasets
(18, 19). Patients’ data, preprocessed again, were prepared
for the association rule algorithms. Then, WEKA (3-6-9)
software was used to extract
2,212 rules with a confidence level of > 0.9.
Clustering algorithms aim to discover the natural internal
grouping of data, which collect a set of data somehow
similar to each other in the same cluster. K-means, twostep, and Kenhonen algorithms are the major clustering
algorithms among which, K-means was used in the present
research. This technique is used for separate clustering of
Int Cardiovasc Res J. 2019;13(3)
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data when there is no information available on the quality
of the clusters (17, 18).
K-means works by defining an initial set of cluster centers
extracted from the data. Then, it allocates each record to
the most similar cluster based on the input fields of the
record. The WEKA software (3-6-9) was used for cluster
extraction. In this algorithm, variables were assumed to
have an equal weight and the Euclidean distance criterion
was used for clustering.
4. Result
4.1. Statistical Analyses
In the present survey, 1.49% of the patients with heart
diseases suffered from IHD. Additionally, the incidence
of IHD was higher among males compared to females in
patients between 20 and 40 years of age in the population.
Among the patients, 70.6% were male and 20.4% were
female, indicating a significant difference between the
number of males and females affected by IHD (P = 0.0001).
Moreover, the incidence of IHD increased with age (Figure
1). The results also indicated a sharp increase in the number
of patients affected by IHD who aged 30 years or above.
The study findings indicated that married individuals were
more prone to IHD compared to the single ones, except for
the patients between 20 and 25 years of age (P = 0.0001)
(Figure 2).
In this study, the prevalence of IHD was quite lower
among the employees of public or private organizations in

comparison to self-employed individuals (50.9%).
The distribution of the risk factors that could be extracted
from the patients’ records has been presented in Table 1.
Some important risk factors, including physical activity
and obesity, and laboratory tests were not available. Thus,
other risk factors were used as the research variables. It
should be noted that no laboratory findings (hyperlipidemia,
diabetes, hypertension) were acquired from the patients’
history documented in their medical records. Therefore,
the results obtained were simply in the form of a patient’s
“yes” or “no” answer to the susceptibility of the target risk
factor. In this survey, most patients (79.5%) with IHD did
not have any hyperlipidemia problems (P = 0.0001). In
addition, most of the patients with IHD did not show to
have low or high blood pressure (P = 0.0001). Besides,
87.4% of the patients affected by IHD were non-diabetic,
while 12.6% were diabetic (P = 0.0001), and the difference
was statistically significant. Furthermore, 33.67% of the
patients affected by IHD were smokers (mostly between 35
and 40 years of age) (P = 0.0001). Smoking cigarettes was
almost exclusive to males (only 2% of the females smoked).
Finally, 30% of the patients had a family history of IHD (P
= 0.0001) (Table 1).
4.2. Data Mining Association Rules
Extraction of the association rules was done on the records
with no missing risk factors via the WEKA (3-6-9) software.
Totally, 338 records were analyzed and 2,212 rules with a

Figure 1. Age Distribution of the Patients Affected by IHD

Figure 2. Distribution of Married IHD Patients
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Table 1. Distribution of the Major Risk Factors of IHD
Risk Factor
Diabetes

Variables
Positive
Negative
Missing
Positive
Negative
Missing
Positive
Negative
Missing
Positive
Negative
Missing
Positive
Negative
Missing

Hypertension

Hyperlipidemia

Cigarette Smoking

Family History

Qty
74
512
190
122
473
181
109
445
222
180
440
192
117
270
389

Percentage
12.6
87.4
20.5
79.5
19.7
80.3
33.7
66.3
30.2
69.8

Abbreviations: QTY, Quantity

confidence level of 0.9 were extracted. The confidence level
was estimated through the following formula:
Conf (A→B) = SUP (A “≡”B)/SUP (A)
All meaningless rules were excluded. Totally, seven rules
remained (Table 2). Data clustering
In the first clustering, four clusters were defined (Figure 3).
Cluster 0 included all males with the mean age of 35
years. The risk factors associated with this group were
diabetes (11%), hypertension (17%), cigarettes smoking
(0%), hyperlipidemia (13%), and family history (31%).
Cluster 1 included all single males with the mean age of
27 years. The risk factors associated with this group were
diabetes (0%), hypertension (3%), cigarette smoking (34%),
hyperlipidemia (13%), and family history (24%). Cluster
2 consisted of all females with the mean age of 33 years.
It should be mentioned that 80% of these females were
married. The risk factors associated with this group were

Figure 3. Phase 1 Clustering

diabetes (16%), hypertension (24%), cigarette smoking
(18%), hyperlipidemia (24%), and family history (22%).
Cluster 3 included all married males with the mean age of
36 years. The risk factors associated with this group were
diabetes (12%), hypertension (18%), cigarettes smoking
(100%), hyperlipidemia (18%), and family history (42%).
The second clustering was done based on the age group
and gender (Table 3).
5. Discussion
According to the previous investigations, the incidence
of IHD is uncommon among individuals under the age of
40 years. According to a survey, IHD in patients below 40
years of age was found to represent only 3% of all patients
afflicted with heart diseases and most of the IHD cases were
found among males (19, 20). The results of the present study
with regard to the effects of age and gender on the outbreak
of IHD were consistent with the findings reported in other
studies. The findings indicated that the incidence of IHD
increased with age. Moreover, the prevalence of IHD was
significantly higher among Iranian males in comparison
to females.
The current study findings revealed that self-employed
individuals; i.e., 50.9% of those affected by IHD, were
more engaged with IHD awareness. No reason could be
found for this association unless we accepted that selfemployment was a stressful condition. Evidently, this
conclusion might not be fully true as the study lacked any

Table 2. The Association Rules for IHD Patients between 20 and 40 Years Old Age
Confidence
0.93
0.96
0.9
0.94
0.91
0.92
0.91

88

Result
150 of them did not have diabetes.
88 of them did not have diabetes.
152 of them did not have
hyperlipidemia.
74 of them did not have diabetes.
74 of them did not have diabetes.
81 of them did not have
hyperlipidemia.
77 of them did not have
hyperlipidemia.

Rule
162 patients did not have hypertension and hyperlipidemia and did not smoke.
92 patients had hyperlipidemia and smoked cigarettes.
168 male patients were married and did not have diabetes and hypertension.
126 patients aged 35-40 years and did not have hypertension and hyperlipidemia.
81 married patients were self-employed and did not have hyperlipidemia and any
trace of heart diseases in their family history.
91 non-diabetic patients had heart diseases in their family history.
85 non-diabetic patients did not have hypertension, but smoked cigarettes.
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Table 3. Patient Clustering based on Age and Gender Segregation
Age Range
(Years)

Females
Males
DM
HTN
SM
LPH
FH
DM
HTN
SM
20 - 25
10%
20%
30%
20%
10%
0%
9%
17%
26 - 30
18%
9%
9%
27%
36%
14%
10%
38%
31 - 35
14%
24%
24%
14%
19%
11%
21%
27%
36 - 40
18%
29%
16%
29%
24%
11%
17%
43%
Abbreviations: DM, diabetes mellitus; HTN, hypertension; SM, cigarette smoking; LPH, hyperlipidemia; FH, family history

data on hypertension among the population of IHD patients.
Furthermore, no reasonable relationship could be found
between marriage and IHD, except that it might result from
the definite effects of age on IHD and other risk factors
related to the population’s culture.
It has been proven that smoking cigarettes is one of the
preventable leading risk factors of IHD (21, 22). The present
study results showed that smoking was a major risk factor
among males. However, smoking cigarettes was only
notable in females aged 20 to 25 years.
The current study findings indicated that family history
was one of the main risk factors among both males and
females. Diabetes mellitus is frequently present among
young IHD patients. Although the relationship between
diabetes and IHD is well-understood, the importance of
this risk factor has not been fully characterized in details
(23). There is a body of research indicating that diabetes, in
the absence of other risk factors, prevails in 15 - 20% of all
young IHD patients. The present study results revealed that
diabetes mellitus and hypertension were not significantly
correlated to IHD in young patients under the age of 40
years. Moreover, diabetes might play a more serious role
in females than in males. Similar results were obtained in
other studies (24).
5.1. Limitations
The present study had several limitations. Firstly, the risk
factors thought to be correlated to the prevalence of IHD did
not exist in the patients’ electronic medical records. Thus,
information regarding the risk factors was extracted from
paper records. Secondly, there was no specific information
about the risk factors in the patients’ records. Thirdly, some
risk factors including obesity and physical activities, which
were initially explored in the study, were not included in
the patients’ records.
As for the increasing incidence of IHD in the Iranian
society, especially among individuals aged below 40 years,
it is essential to assess the main risk factors correlated to
IHD prevalence nationally. This will enable the authorities
to formulate policies to promote healthy lifestyles and
reduce the prevalence of IHD. Moreover, informing and
advising smokers, even those with myocardial infarction,
to stop smoking will lower the mortality and morbidity
rates and reduce the treatment costs for both patients and
the society.
5.2. Conclusion
People under 40 years old are considered to be the most
effective manpower in any society. Even though IHD
mortality is declining, the incidence of IHD can cause
disability for even healthy people in the prime of life.
Disability will have significant psychological effects on
Int Cardiovasc Res J. 2019;13(3)

LPH
13%
7%
18%
16%

FH
13%
34%
44%
33%

patients and can cause financial stress forcing them to take
medicines for the rest of their lives.
5.3. Ethical Approval
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