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Highlights:

Background. Neutrophil to Lymphocyte Ratio (NLR) is a marker of systemic
inflammation correlated with the incidence of Coronary Artery Disease (CAD).
Neutrophils infiltrate the coronary artery plaque causing acceleration of
atherosclerosis. T lymphocyte recruitment is required at the early stages of
plague formation. Previous studies have shown that heightened NLR was
correlated with the percentage of stenosis at the site of the multivessel lesion.
Aims. This study aimed to determine the relationship between NLR with
Gensini score of coronary arteries in CAD patients at Mataram City General
Hospital. Materials and method. This was a cross sectional study conducted
in Mataram City General Hospital. Fifty-nine patients diagnosed with CAD
participated in the study. Blood collection and coronary angiography were
performed to assess NLR and Gensini Score. The main variables were NLR
and Gensini Score. Gensini score of 1-29 was considered as mild
atherosclerosis and Gensini score of 30 or more was considered as severe
atherosclerosis. NLR was considered high if the value of NLR were > 2.385
based on previous studies. Spearman test was performed to assess
correlation between variables. Results. Approximately 53% subjects were
categorized as severe atherosclerosis and 48% as mild atherosclerosis. The
median values of Gensini score in the low NLR group were 25.0 and in the
high NLR group were 40.0 (p=0,19). The median values of NLR in the mild
group of atherosclerosis were 1.78 and in the severe atherosclerotic group
were 2.15 (p=0,59). There was no significant difference in NLR between
severe atherosclerosis and mild atherosclerosis groups. NLR was not
associated with Gensini score (p=0,32). Conclusions. There was no
significant relationship between Neutrophil to Lymphocyte Ratio with Gensini
score of coronary arteries in CAD patients at Mataram City General Hospital.

1. It discusses the relationship between NLR and the severity of coronary atherosclerosis.
2. There is significant difference from the previous NLR research.
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Introduction

Atherosclerosis is a major cause of mortality and
morbidity in developing countries. Previous studies
have shown that inflammation plays a crucial role in
the pathogenesis of atherosclerosis, which involves
immune cells, lipids, thrombosis, and blood vessel
wall components M. Inflammation plays a role in
every process of atherosclerotic plaque formation
from initiation to development, and to thrombotic
complications. Leukocytes play a significant role in
atherosclerosis and its influence on the risk of
cardiovascular events 2. As many as 45% of deaths
from cardiovascular disease are caused by CAD.
Coronary Artery Disease causes 7.2 million deaths
per year which is 12% of all deaths worldwide. In
addition, the World Health Organization (WHO)
stated that 60% of the global burden of CAD occurs
Neutrophil to Lymphocyte Ratio is a marker of
systemic inflammation associated with CAD.
Neutrophils will infiltrate the plaque and accelerate
the process of atherosclerosis. Elevated
inflammatory markers indicate vascular damage. An
increase in NLR indicates the percentage rate of

stenosis at the site of multivessel lesions, coronary

artery calcification, and intracoronary thrombus.[6:7]

An increase in the number of neutrophils
(neutrophilia) refers chronic and adaptive response
to myocardial ischemia. Further, lymphocytes play a
role in modulating the inflammatory response in the
process of atherosclerosis . Recruitment of T

lymphocytes especially CD4+ cells, dendritic cells,
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and CD8+ T cells occurs at the atherosclerosis

prelesional stage. T cells will migrate into

atherosclerotic lesions causing lymphocyte cell

proliferation which increases the inflammatory
response and activates macrophages in the process
of atherosclerosis [Fl. The Iymphocyte count
significantly decreased which led to an increase in

NLR in CAD patients.[19

One of the scores to assess the severity of CAD is
the Gensini score. The Gensini score is a scoring
system invented by Gofredo Gensini in 1983 to
determine the severity of CAD. The basic concept in
this system is to multiply the coronary artery
occlusion score by the coronary artery location score

involved to assess the severity of CAD. 1!

Based on previous studies, NLR values were found
to be significantly higher in the chronic total coronary
occlusion (CTO) group of CAD patients. CTO is
defined as complete coronary artery occlusion with
no flow (TIMI 0) and occurs for a minimum duration
of 3 months 2. A study in India, patients with
abnormal CAG had a significantly higher NLR than
normal CAG patients 9. Previous studies have
shown that the lymphocyte count is significantly
lower in CAD patients compared to patients without
CAD which causes the NLR value to increase in

patients with CAD.[3]

NLR is a cheap and easy-to-obtain marker that is

useful for cardiac risk stratification in patients with
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CAD. Thus, it can reduce health costs if the severity
of CAD patients can be detected with NLR.
Therefore, researchers are interested in conducting
this study, aiming to determine the relationship
between NLR and the severity of coronary
atherosclerosis, as measured using the Gensini
score in patients undergoing Coronary Angiography
(CAG). The research was conducted at Mataram

City Hospital, West Nusa Tenggara from October to

December 2017.

Material and Methods

Methods

Research Design

This research is a correlative analytic research with
cross sectional design. All respondents underwent
NLR and Coronary  Angiography (CAG)
examinations. Patients with suspected CAD at the
Mataram City Hospital who met the inclusion and
exclusion criteria underwent a complete blood count
to obtain the NLR value. On the next day, the patient
who had a complete blood count underwent a CAG
examination to identify the location and percent of
coronary artery blockage. The CAG examination
results were then converted to the Gensini scoring
system with the final Gensini score and then a

comparison was made between NLR and Gensini

Score in patients with CAD.

Population and Sample

The study population was patients who had been

diagnosed with CAD based on clinical symptoms,

13

physical examination and supporting examinations
such as ECG and echocardiography, and had
received standard CAD management therapy and
had coronary artery angiography (CAG) performed
at the Mataram City Hospital, West Nusa Tenggara.
The inclusion criteria in this study were patients who
had performed CAG, had a history of Acute Coronary
Syndrome (ACS), suffered from stable angina
pectoris with a treadmill + and agreed and signed a
consent statement as research subjects. Exclusion
criteria in this study were patients suffering from
acute ACS, suffering from infectious diseases,
having a history of malignancy, and currently
suffering from autoimmune diseases. The sample in
this study was selected using a non-probability
sampling technique (consecutive sampling) where
the research subjects were selected by including
respondents who met the inclusion criteria until all
the required samples were fulfilled 4. This research
was approved by the Health Research Ethics
Committee at the University of Mataram with the

ethical number: 01/UN18.8/ETIK/2018.

Neutrophil to Lymphocyte Ratio (NLR)

The independent variable in this study is NLR. The
NLR value of the study subjects was obtained from
a complete blood count by dividing the neutrophil
count and lymphocyte count. NLR is declared high if

the NLR value is > 2.385.[8!
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Coronary Angiography (CAG)

The dependent variable in this study is the Gensini
score. The Gensini scores of the study subjects were
obtained from the CAG results of CAD patients
converted to the Gensini scoring system. The
Gensini score is considered as mild atherosclerosis
if the Gensini score is in the range 1-29, if the Gensini
considered as severe

score is =30, it is

atherosclerosis 11°. The Gensini score method
defines coronary artery lumen narrowing as 1 for
stenosis of 1 to 25%, 2 for 26 to 50%, 4 for 51 to
75%, 8 for 76 to 90%, 16 for 91 to 99%, and 32 for
total occlusion. The score is then multiplied by the
score based on the location of the coronary arteries.
For coronary artery location score; 5 points for left
main lesion (LM); 2.5 for the proximal segment of the
left anterior descending artery (LAD) or left
circumflex artery (LCX); 1.5 for the mid LAD and LCX
segments; 1 for the distal segments of the LAD and
LCX, first diagonal branch, first obtuse marginal
branch, right coronary artery (RCA), posterior
descending artery, and intermediate artery; and 0.5
for the second branch of the diagonal and the obtuse

marginal.[8]

Risk Factors

This study also analyzed risk factor variables, such
as lifestyle (i.e. history of smoking) and history of
comorbid diseases (i.e. diabetes mellitus and

hypertension). Other variables analyzed in this study

were age, gender, interpretation of blood pressure,
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body mass index (BMI), diagnosis, leukocyte,

neutrophil, and lymphocyte counts. The
interpretation of blood pressure in this study uses the
American Heart Association classification, which
divides the interpretation into normal blood pressure,
prehypertension, stage 1 hypertension and stage 2
hypertension 16l The interpretation of body mass
index in this study used the Indonesian Ministry of
Health's BMI criteria, with four categories;
underweight, normal, overweight, and obese 7. In
this study, the normal category of leukocytes were
3.54 — 9.06 x 10°L, neutrophils were 1.42 — 6.34 x

10°/L, and lymphocytes were 0.71-4.53 x 109/L.[18l

Statistical Analysis

The relationship between characteristics and risk
factor variables with the main variable was tested
using Chi Square bivariate test analysis. In addition,
the analysis of the main variable correlation test,
namely the relationship between NLR and Gensini
score using Spearman's non-parametric correlation
test because the data distribution is not normal after
the data normality test is carried out using the
Kolmogorov-Smirnof test (sample> 50 people). Data
in this study were also analyzed using the Mann
Whitney non-parametric comparison test to
determine if there were differences in NLR values
between the mild atherosclerosis group and the
severe atherosclerosis group. As well as the

difference in Gensini scores between the high NLR

group and the low NLR group.
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Results

Characteristics of Research Subjects

This study found 59 research subjects met the
inclusion and exclusion criteria. Most of the research
subjects were male (72.9%) and aged over 55 years
(61.0%). As many as 8.6% (11 people) of the study
subjects had a non-significant CAD diagnosis,
13.6% (8 people) had a CAD 1 VD diagnosis, 27.1%
(16 people) had a CAD 2 VD diagnosis, and 40.7%
(24 people) had a diagnosis of CAD 3 VD. As many
as 23.7% (14 people) of the research subjects were
included in the obese group. As many as 54.2% (32

people) of the study subjects suffered from

hypertension. As many as 37.3% (22 people) of the

research subjects suffered from diabetes mellitus.

Considering that gender is a risk factor for CAD, in
this study data were also analyzed based on gender.
Based on the results of data analysis, it was found
that there was a significant relationship between
gender and smoking history (p<0.001). Gender was
not significantly related to age, BMI, hypertension

status and diabetes status.

Table 1. Distribution of research subjects based on the Gensini score

Parameter Mild Severe Total P value
atherosclerosis atherosclerosis n (%)
n (%) n (%)

Age (n=59) 0,56
<55 years 12(42,9) 11(35,5) 23(39,0)

255 years 16(57,1) 20(64,5) 36(61,0)

Sex (n=59) 0,81
Male 20(71,4) 23(74,2) 43(72,9)
Female 8(28,6) 8(25,8) 16(27,1)

BMI (n=59) 0,35
Underweight 1(3,6) 1(3,2) 2(3,4)

Normal 14(50,0) 22(71,0) 36(61,0)
Overweight 4(14,3) 3(9,7) 7(11,9)
Obese 9(32,1) 5(16,1) 14(23,7)

Hypertension Status (n=59) 0,41
No 12(42,9) 15(48,4) 27(45,8)

Yes 16(57,1) 16(51,6) 32(54,2)

Diabetes Mellitus Status (n=59) 0,18
No 20(71,4) 17(54,8) 37(62,7)

Yes 8(28,6) 14(45,2) 22(37,3)

History of Smoking (n=59) 0,21
Non smoker 18(64,3) 15(48,4) 33(55,9)
Smoker 10(35,7) 16(51,6) 26(44,1)

Leukocyte Count (n=59) 0,94
Below normal 0 0 0
Normal 16(57,1) 18(58,1) 34(57,6)

Above normal 12(42,9) 13(41,9) 25(42,4)

15
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Neutrophil count (n=59)

Below normal 0

Normal 25(89,3)

Above normal 3(10,7)
Lymphocyte count (n=59)

Below normal 0

Normal 27(96,4)

Above normal 1(3,6)

0,13
0 0

23(74,2) 48(81,4)

8(25,8) 11(18,6)

1,00

0 0

30(96,8) 57(96,6)

1(3,2) 2(3,4)

*Statistical analysis with Chi Square test

Atherosclerosis Severity in Research Subjects

Based on the Gensini score, it was found that 47.5%
(28 people) of the study subjects had mild
atherosclerosis and 52.5% (31 people) had severe
atherosclerosis (Table 1). In the severe
atherosclerosis group, 64.5% (20 people) were over
55 years old, 74.2% (23 people) were male subjects,
16.1% (5 people) were included in the obese group,

51.6% (16 people) suffered from hypertension,

45.2% (14 people) had diabetes mellitus, and 51.6%
(16 people) were smokers. In this study, there was
no significant relationship between the severity of
CAD and the above risk factors. In addition, there
was also no significant relationship between the
severity of CAD and the number of leukocytes,

neutrophils, and lymphocytes.

Table 2. Distribution of research subjects based on NLR

Parameter Low NLR High NLR Total P
n (%) n (%) n (%) value
Age (n=59) 0,31

<55 years 13(34,2) 10(47,6) 23(39,0)

=55 years 25(65,8) 11(52,4) 36(61,0)

Sex (n=59) 0,67

Male 27(71,1) 16(76,2) 43(72,9)

Female 11(28,9) 5(23,8) 16(27,1)
Diagnosis (n=59) 0,33

Non-significant CAD 8(21,1) 3(14,3) 11(18,6)

CAD 1 VD 6(15,8) 2(9,5) 8(13,6)

CAD 2 VD 12(31,6) 4(19,1) 16(27,1)

CAD 3VD 12(31,6) 12(57,1) 24(40,7)

BMI (n=59) 0,35

Underweight 2(5,3) 0(0) 2(3,4)

Normal 20(52,6) 16(76,2) 36(61,0)

Overweight 5(13,2) 2(9,5) 7(11,9)

Obese 11(28,9) 3(14,3) 14(23,7)
Hypertension Status (n=59) 0,38

No 19(50,0) 8 (38,1) 27(45,8)

Yes 19(50,0) 13(61,9) 32(54,2)
Diabetes Mellitus Status 0,30
(n=59)

16
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No 22(57,9)

Yes 16(42,1)
History of Smoking (n=59)

Non smoker 19(50,0)

Smoker 19(50,0)
Gensini score (n=59)

Mild atherosclerosis 20(33,9)

Severe atherosclerosis 18(30,5)

15(71,4) 37(62,7)
6(28,6) 22(37,3)

0,21
14(66,7) 33(55,9)
7(33,3) 26(44,1)

0,28
8(13,5) 28(47,5)
13(22,1) 31(52,5)

*Statistical analysis with Chi Square test

Level of NLR Value in Research Subjects

The characteristics of the NLR values of the research
subjects are shown in Table 2. Based on the NLR
values, it was found that 64.4% (38 people) of the
research subjects had low NLR values and 35.6%
(21 people) of the research subjects had high NLR
values. In this study, 22.1% (13 people) of research
subjects with high NLR had severe atherosclerosis.
As many as 52.4% (11 people) of the high NLR
subject group were over 55 years old. Based on the
results of data analysis, there was no significant
relationship between the NLR value and the above

risk factors.

Relationship between NLR and Gensini score

The results of the Mann Whitney comparative test
analysis for NLR scores between the high-score
Gensini group and the low-score Gensini group
showed no significant differences (p=0.59). This
result is supported by the results of the Mann
Whitney test for the Gensini score between the high
NLR group and the low NLR group which also
For

showed no significant difference (p=0.19).

Spearman's correlative test results between NLR
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and Gensini score, there is no significant relationship

between NLR and Gensini score (Figure 1).

200— [s]

150—

100=

Gensini Score

50—

Figure 1. Correlation between NLR and Gensini
score

Discussion

This study aims to examine the relationship between
the Neutrophil to Lymphocyte Ratio (NLR) and the
Gensini score of the coronary arteries in Coronary
Artery Disease (CAD) patients. In this study, 47.5%
(28 people) of subjects were classified as mild
atherosclerosis and 52.5% (31 people) were
classified as severe atherosclerosis. As many as
22.1%

(13 people) of subjects with severe

atherosclerosis had high NLR values.
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Previous research explained that an increase in NLR
and a decrease in the number of lymphocytes
correlated significantly with the severity of CAD as
assessed using the Gensini score 9. Neutrophil to
Lymphocyte Ratio (NLR) is a simple parameter to
assess a subject's systemic inflammatory status.
This has proven useful in stratifying mortality in major
cardiovascular disease [19. NLR is obtained by
dividing the number of neutrophils by the number of
lymphocytes. NLR is prognostic of acute coronary
syndrome and is a more reliable predictor than other
predictors based on leukocyte data. NLR is an
inflammatory marker that can predict death,
myocardial infarction, and coronary artery disease. A
high NLR is

prognostic of atherosclerotic

development.i20

Neutrophils play a role in every process in acute
coronary events from initiation to plaque rupture, by
releasing both prothrombotic and proactive
substances, which cause endothelial damage and
platelet aggregation. The effect of increased levels
of neutrophils (neutrophilia) on CAD can be
explained by the secretion of various inflammatory
mediators such as elastase, myeloperoxidase and

oxygen free radicals which cause tissue damage.["21]

A low lymphocyte count is also associated with a
poorer prognosis in patients with CAD and unstable
angina, because several subsets of lymphocytes
have been shown to play a role in inhibiting

atherosclerosis. This subset of lymphocytes is a
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subtype of T-lymphocytes namely regulatory T cells
(including CD4+CD25+ T cells) which have been
found to play an inhibitory role in atherosclerosis.
Regulatory T cells cause upregulation of the
inhibitory cytokine interleukin 10 (IL-10) and
transforming growth factor (TGF-B), leading to a
reduction in atherosclerotic plaque accumulation and
a potential transition from a T helper 1 (Thl)toa T
helper 2 (Th 2) response, thereby supporting B cell
ateroprotective responses and inhibiting
proatherogenic Th immune responses [: 21, Possible
causes of lymphopenia are decreased production
induced by increased steroid levels due to stress and
increased increased

apoptosis  induced by

inflammation 24, An increase in neutrophils
accompanied by a decrease in lymphocytes results
in the CAD and severe

in an increased NLR

atherosclerosis groups.3.19]

In the study of Kaya et al (2014), it was found that
the NLR was significantly higher in the severe
atherosclerosis group (Gensini score 230) compared
to mild atherosclerosis (Gensini score = 1-29) and
the control group 15, Another researcher, Ates et al
(2016), also published that NLR levels were found to
be higher in patients with Critical Stenosis than
patients without Critical Stenosis [22. Research by
Allichandi & Khilari (2016) also showed that the
number of lymphocytes decreased significantly in
patients with CAD and the ratio of neutrophils and

lymphocytes increased in patients with CAD. In
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addition, this study also reported a significant
correlation between the number of lymphocytes and
NLR with the severity of CAD through the
assessment of the Gensini score 1%, The NLR was
significantly higher in the CTO group of CAD patients
(121 CTO is defined as total coronary artery occlusion
with no flow (TIMI 0) and occurs for a duration of at
least 3 months. In a study by Selcuk et al (2012) in
Turkey, it was also found that there was a decrease
in the number of lymphocytes and an increase in

NLR in patients with significant CAD compared to

patients without CAD.[12.13]

The main finding in this study is that there is no
significant relationship between NLR and Gensini
score. This is contrary to the results of previous
studies which showed a significant relationship
between NLR and Gensini score of coronary artery
in CAD patients [81215] A study by Uysal et al (2016)
explained that NLR is a predictor of severe
atherosclerosis and can be used as a predictive
factor and risk identification for heart disease in CAD
patients. Uysal et al (2016) also used a control group
or a group with no CAD diagnosis. Whereas, this
study only used a group of research subjects
diagnosed with CAD. Previous studies also using
research subjects with coronary artery blockage of at
least 50% in at least one coronary artery [2324]

Whereas in this study, all research subjects were

CAD patients with various degrees of stenosis. The
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gaps above can contribute to differences in the

results of this study with previous studies.

Another factor that can influence the difference in the
results of this study with previous study is the subject
medical history. In a previous study, it was found that
nebivolol could reduce NLR values more than
metoprolol in patients with hypertension. In this
study, the authors did not consider the patient's
medication history so that these factors could affect
the NLR value in patients who had previously taken
medication Bl. This is supported by the research of
Zhang, et al (2014) who performed NLR
examinations of patients before starting any
treatment [8l. It can be a factor that influences the

difference in the results of this study with previous

studies.

Other factors that may influence the results are
exercise and hydration levels 23], In this study, the
authors did not consider sports history and did not
measure the degree of hydration in the research
subjects. This can contribute to differences in the

results of this study with previous studies.

The study also found a significant relationship
(p<0.05) between smoking and gender. This is
supported by a prevalence study by WHO which
shows that there are more male smokers in
Indonesia than female smokers, it is about 64.9% of
male smokers 128, Previous studies also found that

there are significant sex differences between men

March 2023 | Vol 4 | Article 2



Cardiovascular and Cardiometabolic Journal (CCJ) 2023; 1: 11-23

and women in CAD. Epidemiological studies showed
the incidence of coronary artery disease is greater in
males than females. This is caused by a woman's
physiological factors namely estrogen. Estrogen is
considered beneficial because it has effects on
atherosclerotic  plaques, vasodilation, blood
pressure, and has antioxidant and anti-inflammatory

effects.l27]

This study is not free from various limitations. The
limitation of this study includes confounding factors
that cannot be assessed, such as medical history,
degree of hydration and physical activity (exercise).
The second limitation is that this study uses a cross-
sectional method so that it cannot show a causal
relationship between variables. In addition, this study
was only conducted at one hospital (single center
based study) so that the sample used was not
representative of CAD patients in the general

population.

Conclusion

One out of two CAD patients at the Mataram City
General Hospital is classified as having severe
atherosclerosis. Based on NLR values, one in three
CAD patients has high NLR. In the results of this
study showed there was no significant relationship
between NLR and Gensini coronary artery scores in

CAD patients at Mataram City Hospital.

20

Acknowledgement

The authors wish to acknowledge Cardiac Centre at

Mataram City Hospital for their facilities.

References

1. Lilly LS. Pathophysiology of heart disease a
collaborative project of medical students and
faculty. 5th ed. Philadelphia: Lippincott Williams
& Wilkins; 2011. p. 478.

2. Yidmaz M, Korkmaz H, Bilen MN, Uku Ok,
Kurtoglu E. Could neutrophil / lymphocyte ratio
be an indicator of coronary artery disease,
coronary artery ectasia and coronary slow
flow?. J Int Med Res

[Internet]. 2016;

44(6):1443-1453. Available from:

http://journals.sagepub.com/doi/pdf/10.1177/03

00060516664637

3. Beltrame JF, Dreyer R, Tavella R. Epidemiology
of Coronary Artery Disease. Coron Artery Dis —
Curr  Concepts Epidemiol  Pathophysiol
Diagnostics Treat. 2012.

4. Sanchis-Gomar F, Perez-Quilis C, Leischik R,
Lucia A. Epidemiology of coronary heart
disease and acute coronary syndrome. Ann
Transl Med [Internet]. 2016;4(13):1-12.
Available from: Epidemiology of coronary heart
disease and acute coronary syndrome

5. Nam S-H, Kang S-G, Song, Sang-Wook. The
Neutrophil-Lymphocyte Ratio Is Associated with
Coronary Artery Calcification in Asymptomatic

Males: A Cross-Sectional

Korean Study.

March 2023 | Vol 4 | Article 2


http://journals.sagepub.com/doi/pdf/10.1177/0300060516664637
http://journals.sagepub.com/doi/pdf/10.1177/0300060516664637

Cardiovascular and Cardiometabolic Journal (CCJ) 2023; 1: 11-23

Biomed Res Int [Internet]. 2017. Available from:

http://downloads.hindawi.com/journals/bmri/20

17/1989417.pdf

Fernando ML, Silambanan S, Malar J.
Neutrophil to Lymphocyte Ratio as an Indicator
of Presence of Coronary Artery Disease in
Diabetic Patients. Int J Clin Biochem Res
[Internet]. 2015;2(3):143-7. Available from:

https://www.innovativepublication.com/admin/u

ploaded files/IJCBR 2(3) 143-147.pdf

Verdoia M, Barbieri L, Giovine G Di, Marino P,
Suryapranata H, Luca G De. Neutrophil to
Lymphocyte Ratio and the Extent of Coronary
Artery Disease: Results From a Large Cohort
Study. Angiology [Internet]. 2016;67(1):75-82.
Available from:

http://zeze.sci-
hub.cc/905bf7ac438fa4dd0751dec38a7f9a7elv

erdoia2015.pdf
Zhang G, Chen M, Yu Z, Wang X, Wang Z.

Relation between neutrophil-to-lymphocyte
ratio and severity of coronary artery stenosis.
Genet Mol Res [Internet]. 2014;13(4):9382-9.
Available from:

http://www.funpecrp.com.br/gmr/year2014/voll

3-4/pdf/lgmr4515.pdf

Simionescu M, Sima A V. Morphology of

Atherosclerotic Lesions. Inflammation
Atheroscler [Internet]. 2012;19-38. Available
from:

https://link.springer.com/chapter/10.1007%2F9

78-3-7091-0338-8 2

10.

11.

12.

13.

14.

Allichandi RS, Khilari SM. Association between
Neutrophil to Lymphocyte ratio with presence
and Severity of Coronary Artery Disease. IOSR
J Dent Med Sci [Internet]. 2016;15(6):11-3.

Available from: http://www.iosrjournals.org/iosr-

jdms/papers/Vol15-1ssue%206/Version-

13/C1506131113.pdf

Gensini GG. A More Meaningful Scoring
System for Determining the Severity of
Coronary Heart Disease. Am J Cardiol
Available from:

[Internet]. 1983;606.

https://www.ncbi.nlm.nih.gov/pubmed/6823874

Demir K, Avci A, Altunkeser BB, Yilmaz A, Keles
F, Ersecgin A. The relation between neutrophil-
to-lymphocyte ratio and coronary chronic total
occlusions. BMC Cardiovasc Disord [Internet].
2014;1-6. Available from:

http://www.biomedcentral.com/1471-

2261/14/130

Selcuk H, Dinc L, Selcuk MT, Maden O,
Temizhan A. Neutrophil-Lymphocyte Ratio as a
Predictor of Major Adverse Cardiac Events
Among Diabetic Population: A 4-Year Follow-
Up Study. 2012;2012(September):163-9.

Available from:

https://file.scirp.org/pdf/0OJIM20120300007 82

975145.pdf

Dahlan S. Statistik Untuk Kedokteran Dan
Kesehatan. Edisi 5. Jakarta: Penerbit Salemba

Medika; 2011.

March 2023 | Vol 4 | Article 2


http://downloads.hindawi.com/journals/bmri/2017/1989417.pdf
http://downloads.hindawi.com/journals/bmri/2017/1989417.pdf
https://www.innovativepublication.com/admin/uploaded_files/IJCBR_2(3)_143-147.pdf
https://www.innovativepublication.com/admin/uploaded_files/IJCBR_2(3)_143-147.pdf
http://zeze.sci-hub.cc/905bf7ac438fa4dd0751dec38a7f9a7e/verdoia2015.pdf
http://zeze.sci-hub.cc/905bf7ac438fa4dd0751dec38a7f9a7e/verdoia2015.pdf
http://zeze.sci-hub.cc/905bf7ac438fa4dd0751dec38a7f9a7e/verdoia2015.pdf
http://www.funpecrp.com.br/gmr/year2014/vol13-4/pdf/gmr4515.pdf
http://www.funpecrp.com.br/gmr/year2014/vol13-4/pdf/gmr4515.pdf
https://link.springer.com/chapter/10.1007%2F978-3-7091-0338-8_2
https://link.springer.com/chapter/10.1007%2F978-3-7091-0338-8_2
http://www.iosrjournals.org/iosr-jdms/papers/Vol15-Issue%206/Version-13/C1506131113.pdf
http://www.iosrjournals.org/iosr-jdms/papers/Vol15-Issue%206/Version-13/C1506131113.pdf
http://www.iosrjournals.org/iosr-jdms/papers/Vol15-Issue%206/Version-13/C1506131113.pdf
https://www.ncbi.nlm.nih.gov/pubmed/6823874
http://www.biomedcentral.com/1471-2261/14/130
http://www.biomedcentral.com/1471-2261/14/130
https://file.scirp.org/pdf/OJIM20120300007_82975145.pdf
https://file.scirp.org/pdf/OJIM20120300007_82975145.pdf

Cardiovascular and Cardiometabolic Journal (CCJ) 2023; 1: 11-23

15.

16.

17.

18.

19.

Kaya H, Ertas F, Yahya, Islamoglu, Kaya Z,

Atilgan ZA, et al. Association Between
Neutrophil to Lymphocyte Ratio and Severity of
Coronary Artery Disease. Clin Appl Thromb
[Internet]. 2014;20(1):50-4. Available from:

http://moscow.sci-

hub.cc/4bd1e097266227a80a610a13b254c92

e/kaya2012.pdf

American Heart Association. Guideline for the

Prevention, Detection, Evaluation, and
Management of High Blood Pressure in Adults.
J Am Coll Cardiol [Internet]. 2017; Available
from: 10.1016/j.jacc.2017.11.006

Depkes. Pedoman Praktis Memantau Status
Gizi Orang Dewasa. 2011; Available from:

http://gizi.depkes.qgo.id/wp-

content/uploads/2011/10/ped-praktis-stat-gizi-

dewasa.doc.

Kasper DL, Fauci AS, Hauser SL, Longo DL,
Jameson JL, Loscalzo J. Harrison’s Principles
of Internal Medicine. 19th ed. Education M-H,
editor. New York; 2015.

Forget P, Khalifa C, Defour J, Latinne D, Pel M
Van, Kock M De. What is the normal value of
the neutrophil-to-lymphocyte ratio? BMC Res
Notes [Internet]. BioMed Central; 2017;10-3.
Available from:

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC

5217256/

22

20.

21.

22.

23.

Nam S-H, Kang S-G, Song S-W. The
Neutrophil-Lymphocyte Ratio Is Associated with
Coronary Artery Calcification in Asymptomatic
Korean Males: A Cross-Sectional Study.
Hindawi BioMed Res Int Vol 2017, [Internet].
2017; Available from:

http://downloads.hindawi.com/journals/bmri/20

17/1989417.pdf

Azab B, Chainani V, Shah N, McGinn JT.
Neutrophil — Lymphocyte Ratio as a Predictor of

Major Adverse Cardiac Events Among Diabetic

Population: A 4-Year Follow-Up Study.
Angiology [Internet]. 2012;64(6):456—65.
Available from:

http://journals.sagepub.com/doi/pdf/10.1177/00

03319712455216

Ates AH, Aytemir K, Kogyigit Id, Yalcin MU,
Gurses KM, Yorgun H, et al. Association of
with  the

Neutrophil-to-Lymphocyte  Ratio

Severity and Morphology of Coronary

Atherosclerotic Plaques Detected by
Multidetector Computerized Tomography. Acta
Cardiol Sin [Internet]. 2016;676—83. Available
from:

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC

5126445/pdf/acs-32-676.pdf

Uysal HB, Dagh B, Akgulli C, Avcil M, Zencir C,
Ayhan M, et al. Blood count parameters can
predict the severity of coronary artery disease.
Korean J Intern Med [Internet]. 2016; Available

from:

March 2023 | Vol 4 | Article 2


http://moscow.sci-hub.cc/4bd1e097266227a80a610a13b254c92e/kaya2012.pdf
http://moscow.sci-hub.cc/4bd1e097266227a80a610a13b254c92e/kaya2012.pdf
http://moscow.sci-hub.cc/4bd1e097266227a80a610a13b254c92e/kaya2012.pdf
http://gizi.depkes.go.id/wp-content/uploads/2011/10/ped-praktis-stat-gizi-dewasa.doc
http://gizi.depkes.go.id/wp-content/uploads/2011/10/ped-praktis-stat-gizi-dewasa.doc
http://gizi.depkes.go.id/wp-content/uploads/2011/10/ped-praktis-stat-gizi-dewasa.doc
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5217256/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5217256/
http://downloads.hindawi.com/journals/bmri/2017/1989417.pdf
http://downloads.hindawi.com/journals/bmri/2017/1989417.pdf
http://journals.sagepub.com/doi/pdf/10.1177/0003319712455216
http://journals.sagepub.com/doi/pdf/10.1177/0003319712455216
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5126445/pdf/acs-32-676.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5126445/pdf/acs-32-676.pdf

Cardiovascular and Cardiometabolic Journal (CCJ) 2023; 1: 11-23

24,

25.

26.

27.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC

5094927/

Sari I, Sunbul M, Mammadov C, Durmus E,
Bozbay M, Tarik Kivrak FG. Relation of
neutrophil-to-lymphocyte  and platelet-to-
lymphocyte ratio with coronary artery disease
severity in patients undergoing coronary
angiography. Kardiol Pol. 2015;73(12):1310-6.
Doi: 10.5603/KP.a2015.0098

Demir F, Karadeniz C, Ozdemir R, Yozgat Y,
Celegen K, Karaaslan U, et al. Usefulness of
Neutrophil to Lymphocyte Ratio in Prediction of
Coronary Artery Lesions in Patients with
Kawasaki Disease. Balk Med J, Vol 32,
2015;32(4):371-6.

Doi: 10.5152/balkanmed;.2015.151108

World Health Organization. Country profile,
Indonesia. WHO Rep Glob Tob epidemic
[Internet]. 2017, Available from:

http://www.who.int/tobacco/surveillance/policy/

country profile/idn.pdf

Jamee A, Abed Y, Jalambo MO. Gender
Difference and Characteristics Attributed to
Coronary Artery Disease in Gaza-Palestine.
Glob J Health Sci. 2013;5(5):51-6. Doi:

10.5539/gjhs.v5n5p51.

23

March 2023 | Vol 4 | Article 2


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5094927/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5094927/
http://www.who.int/tobacco/surveillance/policy/country_profile/idn.pdf
http://www.who.int/tobacco/surveillance/policy/country_profile/idn.pdf

