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Abstract

Neutrophil-lymphocyte ratio (NLR) is an inexpensive and easily accessible inflammatory biomarker. Studies have shown the ability of NLR to predict
poor outcome in many diseases. This study aimed to determine the relationship between NLR and cardiovascular risk factors, and duration of ICU and
hospital stay in post CABG patients. 137 patients who underwent CABG between 2013 and 2017 with available preoperative neutrophil and lymphocyte
counts were included in the study. NLR was found to be increased in patients who had prolonged intensive care unit (ICU) stay and hospital/ ward stay.
Thus NLR can potentially be used to predict worse outcome.
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1.0 Introduction

Inflammation is known to play a role in atherogenesis and coronary artery diseases. There are also genetic and environmental factors
involved in the process. Coronary artery disease (CAD) has become a major cause of death worldwide. Many studies were done to find
a predictive tool to better prognosticate patients with CAD. Neutrophil-lymphocyte ratio was found to be a potential tool because it is
inexpensive and easy accessibility. Moreover, many studies demonstrated increased NLR to independently predict a worse outcome in
various medical conditions, unlimited to cardiovascular diseases. NLR reflects the balance between neutrophils and lymphocytesi.e. a
high circulating neutrophils together lymphopenia, are suggesting ongoing inflammation. Its association with risk factors such as Type
2 diabetes mellitus has also been reported in the literature. Despite the many studies done on NLR, no cut-off value has been specified
for NLR. Because of the lack of the reference value, different studies will have different cut-off values. This study aims to determine
whether the same potential applies to our patients after coronary bypass grafting. We also assessed the relationship between NLR and
cardiovascular risk factors such as smoking, T2DM and hypertension.

2.0 Literature Review

Coronary artery disease (CAD) is a major cause of mortality and morbidity worldwide. According to the data from the World Health
Organization (WHO), CAD was a cause of death in 98.9 per 100 000 population in Malaysia in 2012. The Global Burden of Disease
reported in 2010 that CAD is the single leading cause of disease burden indicated by disability-adjusted life years (DALYs, calculated
as the sum of years of life lost and years lived with disability) (Sergi Sayols-Baixeras, 2014). Clinical CAD presents as angina, myocardial
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infarction, sudden death and chronic heart failure (Henderson, 1996). It is caused by atherosclerosis and longstanding subclinical
atheroma in medium and large-sized muscular arteries (F Brian Boudi, 2016).

Treatment of CAD includes managing the modifiable risk factors such as body weight, dietary intake and physical activity, together
with the use of pharmacological therapies. Medications to control blood pressure, T2DM and cholesterol levels are included in the
treatment regime. Invasive treatment like percutaneous transluminal coronary angioplasty (PCl) and coronary artery bypass grafting
(CABG) are revascularization procedures available to treat CAD. CABG is said to be the most frequent surgical treatment performed
with low periprocedural mortality (Abdullah Ozer, 2018). The SYNTAX study compared the long-term outcome between PCI and CABG
and found that long-term mortality was similar between the two procedures in most patient subgroups with multivessel CAD (F Brian
Boudi, 2016). In another study, PCI provided a more rapid recovery at one month compared to CABG. However, after six months, CABG
provided greater angina relief and quality of life compared to PCI (Kulik, 2017). Most studies used the 36 short form health survey (SF-
36) to assess the health-related quality of life, and reported good to excellent quality of life even after five years of CABG (Irene Lie,
2010; John S Rumsfeld, 2004; Josip Vincelj; Saccomann, 2013).

The idea that inflammation had an important role in the development of CAD came in the late 1990’s. This idea was prompted by
the increasing prevalence of CAD despite aggressive pharmacological treatment, especially in the developing countries (Massimo
Fioranelli, 2018). Atherogenesis starts with endothelial injury leading to activation of the immune response and inflammation. The
inflammatory cells involved are monocyte-derived macrophages and specific sub-types of lymphocytes. These cells can be seen in fatty
streaks, which are the earliest form of atherosclerotic lesions (Alexander, 1994; Ross, 1999).

Neutrophil to lymphocytes ratio (NLR) has been a subject of many researches looking for a predictive tool to better prognosticate
patients, and it is not only limited to cardiovascular diseases. Examples include research in cancer prognostication, identifying high risk
vascular surgical patients, non-alcoholic fatty liver disease, Alzheimer's disease and appendicitis (Alexander J. Fowler, 2013). The first
group to report the correlation between NLR and severity of CAD was Arbel et al. (Yaron Arbel, 2012). The greatest risk prediction was
noted when NLR was more than 4.71 (Benjamin D. Horne, 2005). Neutrophils are involved in acute inflammation, as opposed to
lymphocytes, which are involved in chronic inflammation. Lymphocytes are also seen as the regulatory and ‘protective’ component
(Bhutta et al., 2011). Thus, the ratio of neutrophils to lymphocytes reflects the balance in the inflammatory process. It is calculated as a
ratio of an absolute number of neutrophils to an absolute number of lymphocytes.

NLR is inexpensive and easily accessible. So far, results showed that it is an independent prognostic factor in many diseases (Balta
S, 2016). In cardiovascular disease, a high NLR has been linked with increased risk of ventricular arrhythmias during PCI and long-term
mortality in patients undergoing PCl irrespective of indications of PCI. It is also reported to correlate with poor outcome from CABG and
post-CABG atrial fibrillation (Bhat T, 2013).

The aim of our study was to determine whether high NLR consistently correlates with poor outcome in patients after CABG. We also
aimed to determine whether increased NLR is associated with common risk factors such as body mass index, smoking, Type Il diabetes
mellitus and hypertension.

3.0 Methodology

This is a descriptive, cross-sectional study, carried out at the Faculty of Medicine Universiti Teknologi MARA, Sg Buloh Campus. This
study was approved by UiTM Research Ethics Committee, University Teknologi Mara (UiTM), Shah Alam on 27t March 2017. Review
of patient's demographic data and risk factors were carried out anonymously and obtained for all patients, underwent CABG between
June 2013 and December 2017. Results of complete blood count (CBC) were generated using automated haematology analyser Advia
2120i (Siemens Healthcare Diagnostics).

3.1 Inclusion Criteria
All patients aged between 20 to 80 years old who underwent primary isolated elective CABG between June 2013 to December 2017,
with pre-operative neutrophil and lymphocyte counts and complete medical records were included in this study.

3.2 Exclusion Criteria

Exclusion criteria include emergency CABG, CABG within one week of acute myocardial infarction, active or chronic inflammatory
disease, patients on steroid therapy, and intra-operative mortality.

3.3 Neutrophil-Lymphocyte Ratio (NLR)

Neutrophil-lymphocyte ratio were calculated from differential white count results in a laboratory database. It is calculated as the ratio of
an absolute number of neutrophils to an absolute number of lymphocytes. The NLR were obtained within a week prior to CABG. NLR >
2.5 is considered increased. All complete blood count (CBC) tests were performed using Siemens Advia 2120i haematology analyser.

3.4 Measurement of Outcomes

The unfavourable outcomes include mortality after CABG, prolonged ICU stay (more than 3 days), and prolonged hospital/ ward stays
(more than 7days).
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3.5 Risk factors analysis
The risk factors included in the analysis were body mass index (BMI), smoking status (smoker vs non-smoker) and other cardiovascular
risk factors such as Type Il diabetes mellitus (T2DM) and hypertension.

3.6 Statistical analysis

The data were recorded and analysed using the statistical package for social science (SPSS) version 25 software. Descriptive analysis
including mean and standard deviation were used to describe demographic and clinical characteristics of patients who underwent CABG.
Statistical analysis with simple t-test and regression analysis was performed to determine the association between the pre-operative
NLR to the outcomes and risk factors.

4.0 Results

A total of 260 CABG were carried out between June 2013 and December 2017. Of 260, only 137 patients fulfilled the inclusion and
exclusion criteria. Male constituted the majority of the patients, even when separated according to race. The majority of the patients
were Malays, followed by Chinese and Indian. Most of the patients were in the 51 to 60 years old age group, followed by the 61 to 70
years old age group (Table 1). The mean age is 59 years old. The youngest patient who underwent CABG was 42 years old and the
oldest was 74 years old. The mean age for male and female were 58.6 years old and 59.6 years old, respectively.

Table 1: Demographic data.

Male Female

Mean
Age (years) 59 58.6 59.5
Age group n n
41-50 (n=13) 13 0
51-60 (n=68) 52 16
61-70 (n=49) 37 12
71-80 (n=7) 7 0
Total 109 28
Race
Malay (n=81) 65 16
Chinese (n=30) 25
Indian (n=26) 19 7

Table 2 illustrated the percentages of patients according to BMI. The mean BMI was 26.6 kg/m2 (C1:95%; 19.20kg/m2-37kg/m2).
55.5% of patients were overweight when they were admitted for CABG. BMI classification will follow WHO classification for BMI (Table
3). BMl is calculated as weight (kg) divided by height? (m)2.

Table 2: Number of patients according to WHO BMI classification

BMI class Number of patients (%)
18.5-24.9 29.9
25.0-29.9 55.5
>30.0 14.6

Table 3: WHO Classification of Weight Status

WHO CLASSIFICATION OF WEIGHT STATUS

WEIGHT STATUS BODY MASS INDEX (BMI), kg/m’
Underweight <185
Normal range 18.5-24.9
Overweight 25.0-299
Obese 230
Obese class | 30.0-349
Obese class Il 35.0-39.9
Obese class Il > 40

_ —————
Source: 1998 WHO report “Report of a WHO consultation on obesity. Obesity: preventing and managing the global epidemic”.

95


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiM1t-M5_HfAhUYdysKHfb-DeQQjRx6BAgBEAU&url=http://v1.escapistmagazine.com/articles/view/scienceandtech/12847-Weight-Loss-Why-BMI-Is-a-Poor-Measure-of-Fitness.3&psig=AOvVaw2D4GmIsy9oJxyaRQi46apl&ust=1547711045666856

Kamal, F., et.al. / 7" AicQoL2019Bali, Indonesia, 16-17 Feb. 2019/ E-BPJ, 4(10), Mar. 2019 (pp.93-100)

Risk factors for CAD that were analysed in this study are smoking, Type Il diabetes mellitus (T2DM) and hypertension. Review of
data from patient's file showed that 46% were smokers, 70.8% had Type Il diabetes mellitus and 88.3% had hypertension (Table 4).
When matched for BMI >25-29.9 kg/m2, 40.6% (n=39) of patients had both Type Il diabetes mellitus and hypertension.

Table 4: Characteristics of patients according to smoking, diabetes mellitus and hypertension.

Smoker
Yes 63(46.0)
No 74(54.0)
Diabetes
Yes 7(70.8)
No 40(29.2)
Hypertension
Yes 121(88.3)
No 16(11.7)

4.1 Neutrophil lymphocyte ratio (NLR)
The mean NLR is 2.5 (+ 2.8, Cl: 95%; 0.81 — 11.44) and median NLR is 2.13. NLR >2.5 is considered increased in this study. 48 (35%)
of 137 patients have NLR of 2.5 or more. In T2DM, the mean NLR was 2.67 compared to non-diabetic group, where the mean INR was
2.1 (p<0.05) (Table 5).

Table 5: Mean NLR according to T2DM

T2DM
Yes (n=97) No (n=40) p value
NLR (mean) 267 2.1 <0.05

The association between increased NLR and smoking status and hypertension were not significant (p>0.05). The mean NLR in smokers
was 2.6 and 2.4 in non-smokers. The number of smokers could be underestimated as it was based patient’s response during history
taking. Some patients might not be totally honest about their smoking status for various reasons. The mean NLR in hypertensive patients
was 2.5 and 2.4 in non-hypertensive patients. In those who smoke, 39% had NLR >2.5. There was also no significant difference in NLR
between patients who were overweight (BMI>25kg/m2) and those with normal BMI(Table 6). Figure 1 illustrated the distribution of NLR
according to BMI. The mean NLR in patients with normal BMI was 2.26kg/m2, compared to 2.6 in overweight patients.

Table 6: Mean NLR according to BMI

BMI (kg/m2)
<25 >25 p value
(n=41) (n=96)

NLR (mean) 2.26 2.6 >0.05

« )

Z o o8

" N
s-:x",-.l-' .

Figure 1: Simple scatter of NLR by BMI
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4.2 Post-operative mortality
A total of 8 (5.8%) patients died within a week after CABG and 5 of them had NLR 2.5 or more. This is not clinically significant when all
cases were compared.

4.3. Prolonged ICU stay (>3 days)
Ninety-six patients stayed longer in ICU with mean NLR 2.9 (Table 7), compared to 41 who did not. The mean NLR in these patients
were 2.8 and 1.8, respectively.

Table 7: ICU stay with mean NLR

ICU N Mean NLR
1 (>3days) 96 2.7914
2 (<3 days 41 1.8300

4.4. Prolonged hospital/ ward stay (>7 days)
Seventy-one patients stayed more than 7 days in hospital/ ward and the mean NLR in this group was 2.9 (Table 8).

Table 8: Hospital/ ward stay with mean NLR

Hospital/ ward stay N Mean NLR
1 (>7days) 71 2.9421
2 (<7 days 66 2.0320

There is significant difference (p<0.01) in prolonged ICU and hospital/ ward stay when NLR is 2.5 and more, were compared to NLR
less than 2.5. 44 patients stayed more than 3 days in ICU when NLR 2.5 and more, compared to 52 patients who had NLR < 2.5. 34
(70.8%) patients with NLR > 2.5, had prolonged hospital/ ward stay compared to 37 (41.6%) patients who had NLR< 2.5 (Table 9).

Table 9: Prolonged ICU and hospital/ ward stay according to NLR

Prolonged ICU stay Prolonged hospital/ ward/ ward stay

n % n %
NLR <2.5 (n=89) | 52 58.40% 37 41.60%
NLR 325 (1=48) | %4 91.70% 34 70.80% p<0.001
Total 96 7

5.0 Discussion

There were 260 CABG performed at our institution from 2013 until 2017. However, only 137 cases fulfilled all the criteria for the study
because although complete blood count (CBC) is a compulsory pre-operative investigation, white cell differential count is not. Thus,
NLR was not available in the remaining 123 patients. Most of our patients were Malays, which reflects the local population. Males
constituted the majority (79.5%) of patients, which is consistent with other studies on coronary artery diseases (A.H.E.M. Maas, 2010).
Females usually present with CAD at a later age compared to the males. This is due to the cardiovascular protection provided by the
female sex hormones, until menopause. However, this could also mean that women are less investigated for the presence of CAD
(Khairudin, 2012).

A few studies were done to define the normal value for NLR. However, so far, no consensus on normal NLR value is available. A
Korean study reported mean NLR in healthy patients to be 1.65 (1.63 in men and 1.66 in women) (Jeong Soo Lee, 2018). Some studies
recommended different cut-off values as a predictive tool in different diseases. Kamal et al. reported a cut-off value for NLR to be 2.13,
for diagnosis of CAD in Western Indians (Kamal Sharma, 2017). Arbel et al. stated NLR >3 as being increased, whereas Abdullah et al.
used NLR 4 as a cut-off value to predict outcome in post-CABG patients in Turkey. Bajin et al. used NLR cut-off value of 3 as a prognostic
tool in breast cancer (Bajin Wei, 2016). In stage Il melanoma, NLR > 2.5 was shown to be a strong predictor for disease recurrence
(Junjie Ma, 2018). In this study, we used NLR >2.5 as the cut-off and thus should correlate with worse prognosis in patients after CABG.
Analysis of our results also showed that the mean NLR in our sample population is 2.5 (+ 2.8, Cl: 95%; 0.81 — 11.44). We could probably
use a higher cut-off value or a few cut-off values to assess the association with outcome parameters and risk factors.
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5.1 Association of NLR with Risk Factors

WHO classified overweight as BMI more than 25 kg/m2. However, few studies recommended different classification a for Asians because
they have a higher risk of developing comorbidities such as cardiovascular diseases and T2DM at BMI<25kg/m2 (Jeong Uk Lim, 2017).
Thus, WHO expert consultation identified four potential public health points (23.0, 27.5, 32.5, and 37.5 kg/m2) for Asian populations (WHO
Expert Consultation, 2004). In this study, we used the WHO classification of weight status (Table 3).

There is no difference in the mean NLR of patients who were smokers and non-smokers, overweight (or BMI >25) and had normal
BMI or hypertensive. However, the difference is significant in T2DM. A study by Mazhar H. et al. reported that increased NLR is associated
with increased HbA1c and poor glycaemic control in patients with T2DM (Mazhar Hussain, 2017). The author stipulated the presence of
ongoing inflammation and diabetes complications would contribute to elevated NLR. We did not include any information on the presence
of diabetic complications or glycaemic control in the T2DM patients. However, we excluded all cases with known inflammatory diseases
and acute inflammation pre-operatively.

5.2 Prolonged ICU and hospital/ ward stay

Post- CABG morbidity is relatively high compared to perioperative mortality. Complications associated with CABG may be attributed to
inflammatory changes that occur during extracorporeal circulation (Abdullah Ozer, 2018). The study by Ozer et al. also showed prolonged
ICU and hospital stay in patients with NLR higher than 4. Our results showed a significant difference (p< 0.05) in the prolonged ICU and
hospital/ ward stay when comparing patients with NLR<2.5 and NLR >2.5. Prolonged ICU stay is an undesirable outcome because it
prevents the use of ICU facilities by other patients and increases the cost of hospital care (Tunc M, 2018). The author reported the use of
intra-aortic balloon pump, use of > 2 inotropic agents, the presence of post-operative myocardial infarction and the need for post-operative
haemodialysis as factors contributing to prolonged ICU stay. A Brazilian study reported prolonged ICU to stay in 22.1%, and prolonged
ward stay (defined as >7 days) in 27.9%, of post-CABG patients (Elayne Kelen de Oliveira, 2013). Diabetes and smoking were reported
as predictors of ICU outcome, while ejection fraction <50% as a predictor of ward outcome. A Malaysian study reported 50% of post CABG
patients stayed more than 14 days in hospital/ ward and the author identified diabetes and wound infection as independent factors that
contributed to prolonged hospital/ ward stay (Khairudin, 2012).

Inflammation is known to cause atherosclerosis, and other chronic diseases such as cancer, connective tissue disease and chronic
renal failure. A study by Jagadish H.R. et al. showed that patients with abnormal coronary artery angiography (CAG) had significantly
higher NLR compared to patients with normal CAG, which correlates with severity of CAD ( (Jagadish H. R., 2018). A more severe CAD
would place the patient at a higher risk of getting complications to post CABG. A higher neutrophil count is associated with an increased
risk of death, as would lymphopenia. The risk seems to be increased when the balance between neutrophils and lymphocytes is lost.
Neutrophils were shown to contribute to atherosclerosis and plaque instability through different inflammatory mediators (Basem Azab,
2013).

6.0 Conclusion and recommendation

NLR is a useful and inexpensive inflammatory marker which is shown to be associated with poor outcome in post CABG patients.
Preoperative NLR is significantly higher in patients who had prolonged ICU and hospital/ ward stay and T2DM. Both outcomes would
affect the quality of life in post CABG patients. A standard normal cut-off value of NLR should be made available before NLR can be used
in clinical setting.
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