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Introduction

Abstract

BACKGROUND: Cardiovascular diseases (CVDs) are the main causes of death worldwide, including in the haijj pilgrims.
Coronary heart disease (CHD) is the most common CVDs in Indonesian hajj pilgrims hospitalized in Saudi Arabia.

AIM: This study aimed to determine the determinants of the CHD incidence among Indonesian hajj pilgrims
hospitalized in Saudi Arabia in 2019.

METHODS: This study was an observational analytic study with a case—control design. The study was conducted
in Makassar using data from the integrated Hajj computerized system in the health sector (siskohatkes) Hajj Health
Center (Puskeshaji) in January—June 2021. Cases were pilgrims hospitalized in Saudi Arabia with a diagnosis of CHD,
about 186 people, and controls were pilgrims hospitalized with diagnoses other than CVDs. Selection of controls by
matching age and sex with a ratio of 1:1. The determinants analyzed included education, high blood pressure, high
blood sugar levels, high low-density lipoprotein (LDL) cholesterol levels, excess body mass index (BMI), and smoking.
Data analysis was using the STATA program with an odds ratio (OR) test and multiple logistic regression.

RESULTS: The most respondents were 65 years (48.39%), female respondents, about 61.83%. Most respondents’
education was in elementary school, about 31.99%. Multivariate analysis showed that high blood pressure (OR =
2.32, 95% confidence index [CI] = 1.50-3.57), high blood sugar levels (RO = 1.90, 95% CI = 1.06-3.40), high LDL
cholesterol levels (RO = 1.82, 95% Cl = 1.15-2.88), and excess BMI (RO = 1.73, 95% CI = 1.07-2.68) were risk
factors for the CHD incidence. However, education and smoking were not risk factors for CHD.

CONCLUSION: By multiple logistic regression analyzes, the study revealed that the probability of CHD when having
those four risk factors was 85.69%.
[4], [5]. Data for Indonesian Hajj pilgrims in 2017-2019
from the Integrated Hajj Computerized System in the
Health Sector (Siskohatkes) show that CVDs are the

The Hajj pilgrimage is worship full of rituals that
require sufficient physical strength to carry out. Unlike
other obligatory worship, this worship is only required
for those who can afford it (istithaah) once in a lifetime.
Istithaah includes financial ability, security, and physical
or health capabilities [1].

Hajj rituals including Tawaf (going around the
Kaaba 7 rounds), Sa’ee (walking back and forth from
Safa and Marwah 7 times), Stoning of the devil (throw
seven pebbles at each of the three pillars in Mina,
Jamarat), and reached on foot the tent to the throwing
Jamarat. Furthermore, Saudi Arabia’s extreme natural
conditions are not a problem for pilgrims with excellent
health conditions. However, most pilgrims, including
Indonesian, mostly over 40 years old with comorbidities,
significantly affect the health of the pilgrims [2], [3].

Various studies on Hajj pilgrims have shown that
cardiovascular diseases (CVDs) are the main causes of
death for pilgrims, including Indonesian Hajj pilgrims [2],

second cause of hospitalization for Hajj pilgrims in Saudi
Arabia. Of all CVDs cases hospitalized, coronary heart
disease (CHD) is the most common type [3].

From the search for various articles related
to Indonesian Haijj pilgrims, we had not found any
articles that discuss the determinants of the incidence
of CHD in Indonesian Haijj pilgrims. Therefore, this
study aimed to determine the determinants of CHD
incidence in Indonesian Hajj pilgrims hospitalized in
Saudi Arabia in 2019.

Method

Samples and design

This study was an observational analytic study
with a case—control design. The study was conducted
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in Makassar using data from the integrated Hajj
computerized system in the health sector (siskohatkes)
Hajj Health Center (Puskeshaji) in January—June 2021.

The research sample was Indonesian Hajj
pilgrims hospitalized in Saudi Arabia in 2019, recorded
in the siskohatkes as many as 2749 people. Case
samples were Indonesian pilgrims hospitalized in Saudi
Arabia with a diagnosis of CHD (ICD X code: 120-
125) that met the inclusion criteria. Of the 254 people
hospitalized with CHD, 68 people did not meet the
criteria, so the case sample was 186 people. The control
sample was Indonesian Hajj pilgrims hospitalized in
Saudi Arabia with a diagnosis other than CVDs with
medical examinations history carried out in Indonesia at
least 3 months earlier, only had 1 diagnosis of metabolic
disease, and no diagnosis of CHD. This study used a
1:1 comparison between case samples and control
samples, so the number of control samples is also 186
people. Controls were selected by matching age and
sex with a purposive sampling technique. The inclusion
criteria in the control sample were hospitalization in
Saudi Arabia with a diagnosis other than heart and
blood vessel disease; the data for the variables to be
studied were complete in the health care system. Then
the exclusion criteria were that there was a diagnosis
of ischemic heart disease (120-125) in the record of
the results of the second stage of Health examination,
having two or more metabolic diseases.

Instrument

The research instrument was a data collection
form, contained identity (serving ID number, age,
gender, and occupation), systolic blood pressure (SBP),
diastolic blood pressure (DBP), fasting blood glucose
(FBG), low-density lipoprotein (LDL)-cholesterol, body
mass index (BMI), and smoking behavior. Data were
obtained from siskohatkes.

Variables

The independent variables were education,
high blood pressure, high blood sugar levels, high LDL-
cholesterol levels, excess BMI, and smoking behavior.
The dependent variable was the incidence of CHD. All
variables were dichotomous, declared “yes” CHD if
met the case criteria, and “no” CHD if met the control
criteria. Education was categorized low if not attending
school or only completing junior high school, and high if
completing senior high school (SMA), associate degree
(D3), bachelor degree (S71), graduate degree (S2), or
doctoral degree (S3). The criteria for high blood pressure
used the JNC7 criteria [6]: SBP 2140 mmHg or DBP
=90 mmHg. The criteria for high blood sugar levels used
the WHO criteria, FBG 2126 mg/dI [7]. The criteria for
high LDL-cholesterol levels were referred to the NCEP
ATP Il criteria, 2130 mg/dI [8]. Excess BMI criteria used
the American Heart Association (AHA) criteria, BMI

>25 kg/m*[9]. It was, furthermore, categorized as smoking
if still smoked or had a history of smoking before.

Data analysis

Processing and analyzing data were using
the Stata version 12 program. The analysis included
univariate, bivariate, and multivariate analysis. The risk
of the independent variable was assessed by the odds
ratio (RO), and its significance was assessed from the
95% confidence index (Cl). Bivariate analysis using uji
Chi-square and OR and multivariate analysis was using
a multiple logistic regression test.

Results

Table 1 shows that most respondents were
65 years, and it decreases in the younger age group.
In the case and control groups, the youngest age was
45 years, while the oldest age in the case group was
107 years and in the control group was 93 years. The
number of male respondents was much more than the
number of female respondents, about 61.83%. Most
respondents in the cases group were civil servants
(19.89%), while in the control group was housewives,
about 20.97%. Most respondents’ education was in
elementary school, about 31.99%.

Table 1: Distribution of respondent characteristics on
Indonesian Hajj pilgrims who were hospitalized in Saudi Arabia
in 2019

Characteristic Status respondent Total (n = 372)
Cases (n = 186) Control (n = 186)
n % n % n %
Age groups (Years)
45-54 25 13.44 25 13.44 50 13.44
55-64 71 38.17 71 38.17 142 38.17
265 90 48.39 90 48.39 180 48.39
Sex
Male 115 61.83 115 61.83 230 61.83
Female 71 38.17 71 38.17 142 38.17
Job
Civil Servants 37 19.89 29 15.59 66 17.74
TNI/POLRI 1 0.54 2 1.08 3 0.81
BUMN/BUMD employees 3 1.61 3 1.61 6 1.61
Private employees 31 16.67 32 17.2 63 16.94
Merchants 23 12.37 21 11.29 44 11.83
Farmer 30 16.13 43 2312 73 19.62
Housewife 36 19.35 42 2258 78 20.97
Retired 25 13.44 14 7.53 39 10.48
Education
Elementary school 57 30.65 62 33.33 119 31.99
Junior High School 30 16.13 20 10.75 50 13.44
Senior High School 13 6.99 22 11.83 35 9.41
Diploma 30 16.13 15 8.06 45 121
Bachelor 46 24.73 61 32.8 107 28.76
Magister 7 3.76 2 1.08 9 242
Doctor 1 0.54 1 0.54 2 0.54
Etc 2 1.08 3 1.61 5 1.34

Table 2 shows that in the 45-54 years age
group, male respondents reached 84% (5 times that of
female respondents). However, with increasing age, the
incidence of CHD in women was increasing. Hence, at
65 years old, although the number of male respondents
was still more than female respondents, the difference
was only about 10%.
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Table 2: Distribution of respondent age groups by gender in
Indonesian hajj pilgrims who were hospitalized in Saudi Arabia
in 2019

Age groups Sex Total (n = 372)
(Years) Male Female

n % n % n %
45-54 42 84 8 16 50 100
55-64 88 61.97 54 38.03 142 100
265 100 55.56 80 44.44 180 100
Total 230 61.83 142 38.17 372 100

Tables 3 that education and smoking were not
significant risk factors for CHD incidence with p < 0.05.
Furthermore, multivariate analysis is choosing a variable
with a p < 0.25 in order to obtain four variables that
meet the requirements based on the results of Table 3,
namely, high blood pressure, high blood sugar level,
high LDL-cholesterol level, and excess BMI.

Table 3: Bivariate analysis of risk factors for the incidence of
CHD in Indonesian hajj pilgrims who were hospitalized in Saudi
Arabia in 2019

Independent Variable ~ Status respondent Odds ratio  95% CI

Case (n=186) Control (n = 186)
N % n %
Education
Low 89 47.85 85 457 1.09 0.711-1.673
High 97 52.15 101 54.3
High blood pressure
Yes 97 52.15 60 32.26 2.29 1.471-3.567
No 89 47.85 126 67.74
High blood sugar level
Yes 40 21.51 23 12.37 1.94 1.074-3.564
No 146 78.49 163 87.63
High LDL-cholesterol levels
Yes 72 38.71 45 24.19 1.99 1.237-3.177
No 114 61.29 141 75.81
Execs BMI
Yes 72 38.71 49 26.34 1.76 1.112-2.812
No 114 61.29 137 73.66
Smoking
Yes 35 18.82 35 18.82 1 0.575-1.740
No 151 81.18 151 81.18
However, high blood pressure, high blood

sugar levels, high LDL-cholesterol levels, and excess
BMI were significant risk factors for CHD incidence.
A person with high blood pressure, after justified, had
a risk of suffering from CHD 2.32 times than those
without high blood pressure (RO = 2.32, 95% CI =
1.504-3.571). Meanwhile, a person with high blood
sugar levels, after justified, had a 1.9 times greater
chance of experiencing CHD events than without
high blood sugar levels (RO = 1.90, 95% CI = 1.063—
3.398). Likewise, after justification, samples with
high LDL-cholesterol levels had a 1.82-times risk of
developing CHD compared to those who were not
high (RO= 1.82, 95% CIl= 1.146-2.879). Likewise,
after justification, someone with an excess BMI had
a risk of suffering from CHD 1.7 times greater than
without an excess BMI (RO = 1.70, 95% CI= 1.073-
2.679) (Table 4).

Table 4: Multivariate test results on the incidence of coronary
heart disease in Indonesian pilgrims who were hospitalized in
Saudi Arabia in 2019

Independent variable Coefficient ~ Oddsratio p>|z] 95% Conf. interval
LL UL
High blood pressure 0.841 2.32 <0.001 1.504 3.571
High blood sugar level 0.642 1.90 0.030 1.063 3.398
High LDL-cholesterol level ~ 0.597 1.82 0.011 1.146 2.879
Excess BMI 0.528 1.70 0.024 1.073 2.679
Constanta -0.818 0.441 0.000 0.3078 0.6328

A logistic equation can be made with a multiple
logistic regression test to calculate the probability of
someone experiencing CHD. Based on the coefficient
values and constant values obtained, as listed in
Table 4, the following logistic equation was obtained:

Y =-0.818 + 0.84 ,+0.64

sugar levels) + 0'60(high LDL-cholesterol) +0. (Excess BMI)
If the four risk factors were owned, then the
value of Y = 1.792 was obtained. Thus the probability
could be calculated using the formula:

P =1/(1+exp™)
P =0.8569

Based on the results of these calculations, the
probability of the incidence of CHD in samples with
high blood pressure, high blood sugar levels, high LDL-
cholesterol, and excess BMI was 85.69%.

high blood pressure high blood

Discussion

The Framingham Heart Study (FHS), first
published in 1957, is a pioneer of epidemiological
research that introduced the concept of risk factors in
CHD. FHS shows the relationship between smoking,
blood pressure, and cholesterol levels with CHD
incidence [10]. Thousands of subsequent studies
increasingly reveal the secret of this disease. However,
until now, CVDs remain the main cause of death
worldwide.

Age, gender, family history of CVDs, high
blood pressure, high blood sugar levels, high blood
cholesterol levels, obesity, lack of physical activity,
smoking, and socioeconomic status were risk factors
for CVDs [11]. The increased risk of CVDs, including
CHD, is in line with increasing age, 45 years in men and
55 years in women [12]. The same illustration was seen
in this study, where the youngest respondent’s age was
45 years, and the percentage increased with age. This
is in line with the previous studies. A meta-analysis of 18
cohort studies in the past 50 years showed that without
the risk of high blood pressure, high blood sugar levels,
hypercholesterolemia, and smoking: Developing CVDs
continued to increase with age, starting at age 55 [13].

Males have a greater risk of developing
CHD than females. Estrogen is a hormone that has a
protective effect against CHD. Estrogen lowers blood
pressure, increases HDL cholesterol levels, and lowers
triglyceride levels. Although males own this hormone,
the amount is minimal compared to females. This
is why females are 7-10 years slower to develop
CHD, why postmenopausal females have almost the
same risk of CHD as males, and why females who
experience premature menopause have a greater
CHD risk than females with menopause at an older

800

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Naim et al. Determinants of Coronary Heart Disease Incidence among Indonesian Hajj Pilgrims

age [12], [14], [15], [16]. The difference was also clear;
males were more likely to experience CHD, 61.83% of
the total respondents. In the age group of 45-54 years,
the proportion of males was substantial, about 84%.
With increasing age, the difference decreases where at
the age of 65 years, males were 55.56%, and females
were 44.44%. A review of articles conducted by Gao et
al. showed that although the incidence of CVDs is lower
in females, the prognosis is worse, and the mortality is
higher [15]. Therefore, females should remain cautious
and start a healthy lifestyle at a young age.

Socioeconomic factors, in this case, education
and wealth, have been proven to be risk factors for CHD.
A study conducted in 20 countries with high, middle,
and low economic levels showed that low education
was associated with lower wealth, having a greater
risk of developing CHD than higher education [17].
An article review of several studies of social economy
risk factors concluded that the low socioeconomic
relationship with CHD was related to dietary factors.
The quality and variety of diet follow the economic level.
In low socioeconomic status, the diet is dominated
by high glycemic index foods, lack of fiber, and fruit,
which causes obesity and even high blood sugar
levels [18]. Other studies have shown that educational
factors are associated with delays in obtaining health
services, suitable for patients with CHD [19]. Research
conducted in Indonesia based on 2013 Riskesdas data
is also in line with these various studies. Low education
is 1.48 times more likely to suffer from CHD than higher
education [20].

In contrast to the various studies above, the
results of statistical tests in this study indicated that
education was not a risk factor for CHD events. This
is in line with the research of Xu and colleagues, who
also found that education was not a risk factor for
CHD [21]. Hajj is a mandatory worship for Muslims that
requires the ability (isthithaah), including an economic
perspective. The pilgrimage to Mecca requires a large
amount of money; because of that, almost all pilgrims
have economic advantages, so even though their
education is low, their socioeconomic status is not.

High blood pressure is the most significant
risk factor for CHD. Several pathophysiological
mechanisms are the reason for CHD, such as
endothelial dysfunction, atherosclerosis, left ventricular
enlargement, microcirculation abnormalities, insulin
resistance, and sympathetic activation. These
mechanisms lead to an imbalance between the supply
and demand for oxygen to the heart muscle, which
results in ischemia of the heart muscle [22]. This study
found that high blood pressure was the most significant
variable as a risk factor for CHD (RO = 2.32, 95% IK) =
1.504-3.571). These results align with various CHD risk
factors studies, including a study in Indonesia in 2016;
a patient with high blood pressure had a 5.7 times risk
of experiencing CHD. Besides, a study in India in 2017,
where a person with high blood pressure had a 5-fold

risk of developing CHD compared to those without high
blood pressure. Similarly, a cohort study conducted
over 20 years in Japan showed similar results; patients
with a history of high blood pressure had 1.63 times the
risk of suffering from CHD [23], [24], [25].

The pathophysiological process of CHD in
diabetics is very complex. Everything is triggered
by insulin resistance which causes an increase in
insulin in the blood resulting in hyperglycemia. On
the other hand, people with high blood sugar levels
also experience an imbalance in lipid metabolism and
immune response. Combining these three causes may
increase oxidative stress, activation of protein kinase C,
and the production of advanced glycation end products
(AGEs) that trigger vascular endothelial dysfunction.
This dysfunction causes blood vessels to experience
vasoconstriction, chronic inflammation, and thrombus
formation (thrombogenesis). This is the cause of
atherosclerosis in diabetic patients [26].

The results of statistical tests in this study
showed that the respondent’s history of high blood
sugar levels increased the risk of CHD by 1.9 times
(after controlling for other variables). The results of this
test are in line with a meta-analysis of 37 cohort studies
published between 1966 and 2005, which showed that
the incidence of fatal CHD in people with high blood
sugar levels was 5 times higher than in those without
high blood sugar levels [27]. In Indonesia, Riskesdas
data of 2013 are also in line with this research indicates
that a person with high blood sugar levels has a
7.75 times more risk of suffering from CHD than those
without high blood sugar levels [20].

The role of LDL-cholesterol as a risk factor for
CHD has been known for a long time, as evidenced
by various epidemiological studies on CHD risk factors
and various studies that prove that reducing LDL-
cholesterol levels is very significant in reducing the risk
of CHD [28]. An increase in LDL cholesterol is the same
as elevated blood pressure and blood sugar levels,
causing endothelial dysfunction. The process begins
with the formation of fatty streaks on the walls of blood
vessels. Oxidized LDL-C, together with proteoglycans
and immune complexes, form lipid peroxides and
facilitate the accumulation of cholesterol esters and
stimulate the proliferation of macrophages present
in the lesion. As the atherosclerotic plaque thickens,
the arterial walls respond by gradually expanding
to maintain the diameter of the vessel lumen. This
condition, coupled with metalloproteinases produced
by macrophages, makes the plaque prone to rupture
and detachment. When plaque is released, then clogs
one of the heart’s blood vessels, CHD occurs [29].

The statistical tests in this study indicated that
a person with a history of high LDL cholesterol levels
might have a 1.8 times greater risk of suffering from
CHD (after justification) than without a history of high
LDL cholesterol levels. These results are in line with the
finding of Shen Gao and Lin Jiu from the Department of

Open Access Maced J Med Sci. 2021 Sep 07; 9(E):798-804.

801



E - Public Health

Epidemiology

Epidemiology, Beijing An Zhen Hospital, who conducted
a review of several journals related to the relationship
of circulating oxidized LDL with CVDs. Most of these
journals mention that circulating oxidized LDL increases
the risk of myocardial infarction and other CHD caused
by atherosclerosis. Similarly, a study conducted by
Jessica Schubert and colleagues aims to see the effect
of decreasing LDL-cholesterol levels on the incidence of
CHD in a person with a history of myocardial infarction,
where a decrease in LDL-cholesterol significantly reduces
the risk of experiencing CHD and death [30], [31].

Obesity increases CVDs through several
mechanisms, such as ectopic lipid deposition,
hyperglycemia, and clot formation. Obesity causes
adipose tissue dysfunction leading to chronic
inflammation contributing to multiple cardiometabolic
diseases [32]. This study indicated that excess BMI
(after controlling for other variables) increased the risk
of CHD 1.7 times compared to without excess BMI.
Various studies show similar results. A prospective
cohort study conducted in 8 European countries on
7637 CHD cases followed for 12.2 years (median)
showed that the risk of CHD was higher in individuals
with excess BMI and waist circumference [33].
Similarly, a meta-analysis of 16 prospective cohort
studies in the United States and Europe involving
120,813 adults aged over 35 years and followed up
for an average of 10.7 years showed that a person’s
risk for developing multiple cardiometabolic disease
(at least two diseases: CHD, stroke, and type 2
DM) increased with increasing BMI. The increased
risk ranges from doubling in overweight to 15-fold in
someone with obesity [34].

The causal relationship between smoking and
CHD is well known. Smoking is responsible for 18%
of deaths caused by CHD. The mechanism of CHD
in smokers through several mechanisms, including
inflammation, vasoconstriction, formation of blood
clots, and reduced oxygen supply to the heart. In
addition to causing direct damage to the heart’s blood
vessels, smoking also increases levels of oxidized
LDL-cholesterol and reduces the benefits of HDL
cholesterol. The risk of damage to the cardiovascular
system caused by smoking depends on the duration
of smoking and the number and types of cigarettes
smoked [35]. The results of statistical tests in this
study indicated that smoking was not a risk factor
for the incidence of CHD in Indonesian Hajj pilgrims
hospitalized in Saudi Arabia. The data obtained from
siskohatkes comes from interviews with Hajj pilgrims
during the second stage of health checks in Indonesia.
There was no explanation obtained by the researcher
whether the answer to the smoking question or not was
a condition at the time of the examination or whether it
included a previous smoking history.

The limitation of this study was the usage
of secondary data; no interviews were conducted

to confirm or justify the researcher’s results. The
implication or strength of the results of this study is
that it is known that the waiting time for Indonesian Hajj
pilgrims is very long, namely there is a waiting time of
up to 30 years. This waiting time can be used to carry
out prevention and control programs for risk factors for
CHD so that it can reduce the mortality rate of pilgrims
from CVDs.

Conclusion

High blood pressure, high blood sugar levels,
high LDL-cholesterol levels, and excess BMI were
risk factors for the incidence of CHD in Indonesian
Hajj pilgrims hospitalized in Saudi Arabia in 2019.
High blood pressure was the most common risk factor
among the four risk factors and most influential on
CHD incidence. The probability of experiencing CHD
after having the four risk factors at the same time was
about 85.69%.
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