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Abstract
BACKGROUND: Acute coronary syndrome (ACS) patients with chronic kidney disease (CKD) are known to have 
a higher risk of mortality compared to ACS patients without CKD. In ACS patients with CKD, chronic inflammation 
plays an important role in morphological and functional changes in endothelial cells, resulting in atherosclerosis 
acceleration associated with coronary severity that leads to an increase in major adverse cardiac events (MACE).

AIM: Therefore, this study aims to determine the role of neutrophil lymphocyte ratio (NLR) as a predictor of MACE 
and its correlation with coronary severity in ACS patients with CKD.

METHODS: The study was conducted at National General Hospital Cipto Mangunkusumo Jakarta, Indonesia in 
October to November 2019. We used quota sampling with two designs study. First, a nested case control study was 
conducted with a total of 59 ACS patients with CKD: 31 subjects who had experienced MACE as a case group and 
28 subjects who had not experienced MACE as a control group. Second, a correlative study with a cross-sectional 
approach was undertaken.

RESULTS: There was no significant difference or relationship between NLR and MACE (p > 0.05; OR = 2.16 [95% 
CI = 0.63–7.51]), also no correlation between NLR and coronary severity degree assessed using the Gensini score 
(r = 0.10; p = 0.474).

CONCLUSION: NLR can not predict MACE in ACS patients with CKD nor be employed interchangeably with the 
Gensini score in assessing coronary severity in ACS patients with CKD.
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Introduction

Acute coronary syndrome (ACS), which 
involves the acute symptoms of coronary heart 
disease (CHD), is one of the most common causes 
of mortality worldwide [1], [2]. In Indonesia, the World 
Health Organization reports 652,050 deaths caused by 
cardiovascular disease accounting for 35% of all deaths 
due to non-communicable diseases [2]. Chronic kidney 
disease (CKD), on the other hand, involves a set of 
symptoms associated with abnormal kidney function 
and/or decreased glomerular filtration rate, which can 
be related to increased atherogenesis. Since the risk 
factors that can trigger CKD can also can trigger ACS, 
these conditions can affect and worsen each other [3]. 
ACS patients with CKD are known to have a higher risk 
of mortality compared to ACS patients without CKD. 
Every year about 9% of deaths due to CHD involve CKD, 

a statistic that is 10–20 times higher than the rate for the 
general population [4]. In ACS patients with CKD, the 
chronic inflammatory process plays an important role in 
the morphological and functional changes of endothelial 
cells, resulting in accelerated atherosclerosis associated 
with coronary severity that leads to an increase in major 
adverse cardiac events (MACE) [5], [6], [7].

Total leukocyte count as an inflammation 
marker has become the focus of research over the 
past two decades [8]. Neutrophils, which are part of the 
leukocyte count, are known to have an important role in 
the progression and instability of atherosclerotic plaque 
that triggers ACS. Neutrophils are activated at the time 
of ischemic event, gather in the ischemic area, then 
produce reactive oxygen species (ROS). These can 
aggravate myocardial ischemic conditions and release 
proteolytic enzymes that damage the surrounding 
myocytes and affect the stability of the fibrous capsule, 
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which then triggers rupture of the plaque [9], [10]. 
Lymphopenia also occurs in ACS due to abnormalities 
of T regulator lymphocytes during the acute phase 
associated with atherosclerotic plaque instability [11]. 
Based on this pathophysiology, an increase in 
neutrophil counts and a decrease in lymphocyte 
counts is related to the progression of ACS. Therefore, 
neutrophil lymphocyte ratio (NLR) is considered to be 
more predictive in determining the outcomes for ACS 
patients compared to the total count of leukocytes and 
even compared to neutrophil or lymphocyte itself [12].

Since NLR is obtained from a leukocyte count 
widely available in routine applications, it could be a 
potential tool for predicting ACS patient’s outcomes, 
such as MACE [8]. Unlike other inflammatory markers, 
NLR has affordable and less invasive laboratory 
examination options. To date, NLR studies relating to 
cardiovascular and renal failure have been limited to 
the role or effect of NLR in either ACS patients or CKD 
patients. There are no studies on the role of NLR as 
a predictor of MACE and its correlation with coronary 
severity in ACS patients with CKD. In addition, there 
has been no consensus on the standard value of the 
cut-off point for NLR in determining MACE. The aim of 
this study is to know the role of NLR as the predictor of 
MACE and its correlation with the coronary severity in 
ACS patients with CKD.

Methods

This study employed two designs. First, a 
nested case control design was used with subjects 
experiencing MACE as a case group and subjects not 
experiencing MACE as a control group. In addition, 
a correlative design with a cross-sectional approach 
was employed. This research using secondary data 
derived from the electronic health records of Dr. Cipto 
Mangunkusumo Hospital, Jakarta, from January to 
October 2018 and was an advanced analysis based 
on previous research by Ginanjar et al. [13] The study 
received approval from the Ethics Committee of the 
Faculty of Medicine of the University of Indonesia 
(document number: 0128/UN2.F1/ETIK/2018).

The research subjects were patients in Dr. Cipto 
Mangunkusumo Hospital, Jakarta, who fulfilled the 
following research criteria: (1) ACS patients who had 
undergone coronary angiography and were diagnosed 
with CKD; (2) did not have severe comorbidities, 
including acute stroke, hepatic cirrhosis, chronic 
inflammatory disease, sepsis, autoimmune disease, 
and malignancy; and (3) were not undergoing chronic 
hemodialysis. In addition, only subjects for whom there 
was differential leukocyte count data within a maximum 
3 days after hospital admission were included in the 
study [14]. The samples were excluded if there are severe 

comorbidities, underwent chronic hemodialysis, pregnant 
or breastfeeding mother, and incomplete medical record.

A minimum sample size of 54 was required 
using the quota sampling technique to minimize bias. 
NLR values were obtained from differential leukocyte 
counts that were part of a complete hematology 
examination, which was conducted with Sysmex 
XN-2000 hematology analyzer at Central Laboratory 
of the Clinical Pathology Department of Dr. Cipto 
Mangunkusumo Hospital, Jakarta. The Sysmex 
XN-2000 hematology analyzer is a combination 
hematology system with two analytical modules that 
can process 200 samples per hour. NLR calculation 
was done manually using the following formula:

Total absolute count of neutrophil (/ L)NLR = 
Total absolute count of lymphocyte (/ L)

μ
μ

Data analysis were performed using SPSS 
version 20. The characteristics of the research 
subjects were presented descriptively. Analysis of the 
relationship between NLR and MACE was measured 
using bivariate analysis. Multivariate analysis was not 
performed in this study. The correlation between NLR 
and Gensini scores was tested with the Spearman rank 
method.

Results

Subject characteristics

In total, there were 117 subjects included in 
the previous research of Ginanjar et al. [13] However, 
58 subjects did not meet the inclusion criteria for this 
study: 5 subjects had differential count data from more 
than 3 days after hospital admission and 53 subjects did 
not have differential count data. A total of 59 subjects 
met the inclusion criteria and were grouped based on 
MACE: 31 subjects for the case group and 28 subjects 
for the control group. In this study, the minimum sample 
size needed was fulfilled. Subject characteristics can 
be seen in Table 1.

Relationship between NLR and MACE in 
ACS patients with CKD

A bivariate analysis (Table 2) was performed 
for MACE and the main independent variable (NLR) as 
well as for MACE and the other independent variables 
(risk factors suspected to be confounding factors for 
MACE) in this study.

Correlation between NLR and Gensini Score

In this study, no correlation was found between 
NLR and the Gensini score (r = 0.10; p = 0.474). The 
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distribution of NLR based on the degree of coronary 
severity assessed by the Gensini score can be seen in 
Table 3.

Discussion

The majority of the subjects were male 
(46 subjects, 78%). These results are in line with 
research by Ghaffari et al. indicating that there are 

more male (82.5%) than female ACS patients, even in 
different populations and study locations [14]. This is 
related to differences in risk factor profiles based on sex, 
since endogenous estrogen is protective in women. It 
has been proven that after menopause, ACS incidence 
in women increases rapidly and is proportional to the 
incidence in men [15]. This study accords with this 
theory since the mean age of the male participants was 
58.63 ± 9.72 years, and for female, the mean age was 
62, 38 ± 12.84 years.

The severity of CKD accompanying ACS in 
this study was grouped into stage 1–2, stage 3a–3b, 
and stage 4–5. The highest incidence of MACE was 
found in subjects of the stage 1–2 (38.7%) group, 
followed by the stage 4–5 (35.5%) group, and the stage 
3a–3b (25.8%) group. This is not in accordance with 
Bae et al.’s reasearch, which found that in line with the 
severity of CKD, there was an increase in the incidence 
of MACE in ACS patients with CKD. This result is likely 
due to differences in the population of study subjects, 
since theirs involved subjects who undergoing chronic 
hemodialysis, whereas in this study, the subjects were 
not undergoing chronic hemodialysis [4]. In addition, 
the proportion of subjects in the stage 1–2 group in this 
study was higher than that in the other groups, totaling 
26 subjects (44.1%) and there were only 14 subjects 
(23.7%) in stage 4–5 group.

Based on hematologic examination results, the 
median leukocytes of all subjects were 11,500 cells/μL. 
The median leukocytes of subjects experiencing MACE 
and not experiencing MACE were 12,400 cells/μL and 
10,780 cells/μL, respectively. These results indicate the 
presence of mild leukocytosis in almost all subjects. 
This relates to the pathophysiology of ACS involving 
various inflammatory factors, including leukocytes, 
therefore mild leukocytosis can occur in patients with 

Table 1: Clinical characteristics of subjects
Characteristic MACE Total (n = 59)

Yes (n = 31) No (n = 28)
Sex

Male 25 (80.6) 21 (75) 46 (78)
Female 6 (19.4) 7 (25) 13 (22)

Age, years 60.68 ± 12.27 58.11 ± 8.07 59.46 ± 10.48
Body mass index

>27 kg/m2 8 (25.8) 7 (25) 15 (25.4)
<27 kg/m2 23 (74.2) 21 (75) 44 (74.6)

ACS
STEMI 14 (45.2) 18 (64.3) 32 (54.2)
NSTEMI 6 (19.4) 6 (21.4) 12 (20.3)
UAP 11 (35.5) 4 (14.3) 15 (25.4)

Risk factors
DM 9 (29) 14 (50) 23 (39)
Dyslipidemia 7 (22.6) 9 (32.1) 16 (27.1)
Hypertension 23 (74.2) 17 (60.7) 40 (67.8)
Smoking 18 (58.1) 16 (57.1) 34 (57.6)

Stage of CKD
1–2 12 (38.7) 14 (50) 26 (44.1)
3a–3b 8 (25.8) 11 (39.3) 19 (32.2)
4–5 11 (35.5) 14 (23.7) 14 (23.7)

Coronary severity (Gensini Score)
Mild – moderate 4 (12.9) 4 (14.3) 8 (13.6)
Severe 27 (87.1) 24 (85.7) 51 (86.4)

Hematological results
Hemoglobin (g/dL) 12.26 ± 2.54 11.53 ± 2.31 12.34 ± 2.42
Platelet (103/μL) 265 (127) 261 (106.5) 262 (115)
Leukocyte (103/μL) 12.4 (6.69) 10.78 (5.42) 11.5 (6.68)
Basophil (%) 0.3 (0.4) 0.3 (0.3) 0.3 (0.3)
Eosinophil (%) 1.4 (4.5) 0.85 (3.8) 1.4 (4.3)
Neutrophil (%) 75.47 ± 11.02 72.39 ± 9.19 74 ± 10.23
Lymfocyte (%) 14 ± 7.65 17.09 ± 5.87 15.47 ± 6.98
Monocyte (%) 6.84 ± 3.07 7.55 ± 3.2 7.18 ± 3.13
NLR 4.82 (7.39) 4.35 (3.23) 4.6 (3.68)

Table 2: Relationship between independent variables and MACE in ACS patients with CKD
Independent variables MACE p-value Odds ratio 95% CI

Yes No Low High
NLR

High (>3.62) 23 (74.2) 16 (57.1) 0.167 2.16 0.63 7.51
Low (<3.62) 8 (25.8) 12 (42.9)

Coronary severity (Gensini Score)
Severe 27 (87.1) 24 (85.7) 0.877 0.89 0.20 3.95
Mild-moderate 4 (12.9) 4 (14.3)

Sex
Male 25 (80.6) 21 (75) 0.601 1.39 0.40 4.78
Female 6 (19.4) 7 (25)

Age group
37–59 years 16 (51.6) 17 (60.7) 0.482 0.69 0.21 2.20
60–84 years 15 (48.4) 11 (39.3)

Obesity
Yes 8 (25.8) 7 (25) 0.943 1.04 0.32 3.38
No 23 (74.2) 21 (75)

Diabetes melitus
Yes 9 (29) 14 (50) 0.099 0.41 0.14 1.19
No 22 (71) 14 (50)

Dyslipidemia
Yes 7 (22.6) 9 (32.1) 0.409 0.62 0.19 1.96
No 24 (77.4) 19 (67.9)

Hipertension
Yes 23 (74.2) 17 (60.7) 0.269 1.86 0.62 5.62
No 8 (25.8) 11 (39.3)

Smoking
Yes 18 (58.1) 16 (57.1) 0.943 1.04 0.37 2.92
No 13 (41.9) 12 (42.9)

β2-microglobulin level
High risk 23 (74.2) 18 (64.3) 0.409 0.63 0.21 1.91
Low risk 8 (25.8) 10 (35.7)
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ACS [5], [14]. The median NLR in the case group (4.82) 
was very similar to that in the control group (4.35) 
because the subject’s mean neutrophils were still in the 
normal range at 75.47% in this study.
Table 3: Distribution of NLR based on the degree of coronary 
severity by gensini score
Coronary severity (gensini score) NLR
Mild – Moderate (<20) 6.62 (1.84–17.47)
Severe (>20) 4.55 (2.09–86.45)

The results of this study’s analysis showed 
no statistically significant difference between the NLR 
values in the case group and those the control group 
(p = 0.167). There was also no statistically significant 
relationship between NLR and MACE (OR = 2.16 [95% 
CI = 0.63–7.51]). Even so, descriptively, the trend of 
high NLR (>3.62) was found to be more common in 
the case group (74.2%) than in the control group, so 
this value still has the potential to be able to predict 
MACE.

The NLR results, which tended to be lower 
and not statistically significant in this study, were not 
in accordance with a number of previous studies that 
found the NLR results tended to be high and statistically 
significant (Table 4).

Other studies showed more meaningful 
results because the sampling was carried at the same 
time, In this study, however the sampling time varied 
between 1 and 3 days after hospitalization. NLR 
values also tended to be high in other studies because 
the differential counts were taken during a neutrophil 
recruitment peak: less than 1 h after being admitted 
to the hospital in Tamhane et al.’s, within 12 h in Han 
et al.’s, as well as within 24 h in Sawant et al.’s and Rich 
et al.’s study [12], [16], [18], [19]. In the first 24–72 h 
after hospitalization, a significant neutrophilia can be 
found and thereafter, a gradual decrease occurs [14]. 
The neutrophil recruitment at the onset of ACS 
contributes greatly to the modulation of NLR, especially 
at the beginning of ACS [20], [21].

At the time of ACS onset, the acute 
inflammation that occurs causes an increase in 
neutrophils. Neutrophils mediate the acute inflammatory 
response by releasing proinflammatory cytokines, such 
as metabolic arachidonic acid, platelet factor, ROS, 
myeloperoxidase, and matrix metalloproteinase [9], 
[10], [22], [23]. This is followed by relative lymphopenia, 
which is thought to be caused by increased endogenous 
cortisol in response to stress triggered by infarction 
conditions [18]. Blum et al. showed a decrease in T 
lymphocyte cells correlated with a decrease in ejection 
fraction that could be a marker of infarction [21]. The 

studies of Flego et al. and Ommen et al. also showed 
that in the acute phase of ACS, there is a dysregulation 
of T regulator lymphocytes. This causes a decrease in 
their number and function, leading to activation of auto-
aggressive T cells that secrete interferon-γ that will 
exacerbate the inflammatory cascade [24], [25].

Differential leukocyte count is not a routine 
examination requested by clinicians for ACS patients 
either with or without CKD. Therefore, the majority of 
the subjects in this study were examined for differential 
count on the 3rd day after hospital admission, making 
the possibility of the subject having pharmacologic 
therapy very high. As a result, the neutrophil mean in 
this study was likely lower, producing a lower NLR. In 
Akpek et al.’s study, the NLR results were lower than 
this study, with statistically significant p values, since 
the differential count was taken after the PCI procedure. 
Under these conditions, the neutrophil recruitment had 
subsided, so the NLR was low [17]. This supports 
the theory that the NLR results are low in this study 
because the subjects may have received therapy for 
ACS. Another theory is that the low neutrophil yield was 
probably because the majority of subjects were male. 
According to Gwak et al., men have a lower proportion 
of neutrophils than women, so they appear to have a 
lower NLR. This is associated with cortisol responses 
to physical stress in men, which are lower than those 
in women [26].

Another factor that may have caused 
meaningless NLR results in this study is that there 
was a higher proportion of subjects within the CKD 
stage 1–2 group (26 subjects, 44.1%) than in the other 
groups, meaning MACE occurred primarily in the stage 
1–2 group (38.7%). A comparison of NLR results with 
those of other studies on CKD conditions can be found 
in Table 5.

Solak et al. explained that inflammation 
occurrs from the early stages of CKD, and increased 
inflammation in CKD is associated with poor 
cardiovascular outcomes [27]. This indicates that 
chronic inflammation occurrs in CKD when the peak of 
neutrophil recruitment is no longer taking place. This 
condition causes the NLR value in CKD to be lower. 
This finding similar to those Nelly et al.’s study [7]. The 
subjects in the current study were ACS patients with 
CKD, so the NLR values obtained were lower than 
those in other studies that examined subjects with 
ACS alone, and the NLR values obtained were higher 
than those in other studies that examined subjects with 
CKD alone. As this study is the first to assess the role 

Table 4: Comparison of this study results with other similar research in ACS patient
Study NLR Leukocyte (103/μL) Neutrophil (%) Lymphocyte (%) p-value
This study 4.82 (7.39) 12.4 (6.69) 75.47 ± 11.02 14 ± 7.65 0.154
Tamhane et al. [17] 9.10 (7.27) 11 (6) 95 (52) 10 (6) <0.001
Han et al. [18] 11.86 ± 9.34 13.80 ± 4.47 - - 0.036
Sawant et al. [12] 7.4 14.68 ± 7.48 94.1 ± 6.28 9.8 ± 5.2 <0.001
Kaya et al. [15] 6.8 ± 2.5 - 80.3 ± 5.9 12.8 ± 3.2 <0.001
Akpek et al. [16] 4.6 ± 1.7 12.5 ± 5 73.7 ± 8.2 18.1 ± 5.6 <0.001
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of NLR as a predictor of MACE in ACS patients with 
CKD, it cannot be compared to other studies that are 
significantly similar. The hypothesis that NLR values in 
ACS patients with CKD who experienced MACE were 
higher than those who had not experienced MACE was 
not proven in this study.

In this study, no significant correlation was 
found between NLR and Gensini score (r = 0.10; 
p = 0.474). These results are slightly different with the 
study conducted by Chen et al., who got a very weak 
positive correlation between NLR and Gensini scores 
(r = 0.065; p = 0.001) [28]. These results may be due 
to the pathophysiology of coronary severity, which is 
not only based on the presence of stenosis due to 
endothelial damage and stiffness, but it can also be 
caused by the thrombus formation from ruptured 
plaque which then forms an occlusion in the coronary 
vessels. Occlusion of the coronary vessels can occur 
in part or in total from one or more coronary arteries or 
their branches [1], [13].
Table 5: Comparison of this study results with other similar 
research in CKD patient
Study NLR p-value
This study

Stage 1–2 4.51 (1.84–12.32) 0.159
Stage 3a–3b 4.33 (2.09–29.63)
Stage 4–5 5.43 (2.68–86.45)

Solak et al. [24]
Stage 3 2.7 (0.6–7.23) 0.04
Stage 4 2.76 (1.32–7.14)
Stage 5 3 (0.98–10.33)

Nelly et al. [7]
Pre-HD 1.96 ± 0.91 0.027
Post-HD1 1.87 ± 0.6
Post-HD2 2.11 ± 0.83

In general, STEMI is caused by a total blockage 
in the main coronary arteries in one location. Leukocyte 
recruitment, on the other hand, occurs in response to 
inflammation, and the increase in leukocytes will be 
directly proportional to the severity of the infarction 
area. The Gensini score for total STEMI will be high, but 
neutrophil recruitment that occurs in only one location 
causes low NLR results. While non-STEMI lesion’s is 
more complex because it involves more than three blood 
vessels, resulting in increased recruitment of leukocytes 
to various inflammatory sites, and produces high NLR 
but does not correlate with low Gensini scores [28]. 
Based on this theory, high NLR may indicate the role of 
inflammation, but it is not sufficient to assess coronary 
severity in patients with ACS in general. There is no 
correlation between NLR and the Gensini score, so the 
two parameters cannot used interchangeably. In this 
study, the hypothesis that NLR has a strong positive 
correlation with Gensini scores in determining coronary 
severity in ACS patients with CKD was not proven.

This study is a nested case control study 
that used secondary data from previous study, thus 
researchers are not free to determine the number 
of cases and controls because of the availability of 
existing data. The examination of leukocyte count is 
not a routine examination requested by clinicians for 
ACS patients with or without CKD. This causes many 

subjects could not be included in this study. However, 
this study provides a new insight in relationship between 
NLR and MACE in ACS patients with CKD.

Conclusion

NLR can neither predict MACE nor replace 
Gensini scores for assessing coronary severity in ACS 
patients with CKD.
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