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Introduction

Despite, the recent advances in medical
research, coronary artery disease (CAD) remain the
major cause of death worldwide(1). Even-though, all
the pathogenic components associated with atheroge-
nesis have not been completely elucidated, inflam-
mation has been suggested as a significant triggering
factor of myocardial infarction(2).

Identification of a particular blood cell type
holds several advantages in predicting CAD over
total white blood cell (WBC) count as it is least
affected by physiological conditions. Among the var-
ious inflammatory markers, neutrophil to lympho-
cyte ratio (NLR) has gained increased attention
recently as a potential biomarker for CAD risk
assessment(3). NLR is an integrated reflection of two
dissimilar yet balancing immune pathways and is
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ABSTRACT

Introduction: Cardiovascular disease is the leading contributor of global death. Because of steadily expanding ascend in
death rate, the earnest need is to discover novel prognostic biomarkers. In this attempt, inflammation has been a prominent target
because of its importance in the development and behavior of atherosclerotic plaques. The current article came up from the recent
suggestions by the scientific community on the role of neutrophils to lymphocyte ratio (NLR) as an inflammatory predictive bio-
marker of cardiovascular events at an early stage.

Materials and methods: Blood samples were collected from 100 chronic coronary artery disease (CAD) patients who have
visited the outpatient department (OPD) at King Abdulaziz University Hospital, Jeddah, Saudi Arabia and 100 healthy control indivi-
duals. Complete blood examination was done on Cell-Dyn Ruby, USA to calculate NLR. In addition, lipid profile, platelet counts, red
cell distribution width (RDW), C-reactive proteins (CRP), fasting glucose, insulin and glycosylated hemoglobin (HbA1c) were also
measured by various procedures on different instruments.

Results: Total cholesterol and low-density lipoproteins (LDL) showed a significant rise of around 13%. However, non-high-
density lipoprotein cholesterol (Non-HDL) level showed a similar decline (P<0.05) compared with control. A remarkable rise in
fasting glucose, Hb1Ac, and insulin by 58%, 53%, and 44% was recorded in CAD group. Moreover, CRP level also showed a signifi-
cant rise of 39% in CAD group compared with control individuals. The white blood cell (WBC) analysis revealed a significant enhan-
cement in total WBC, neutrophils and lymphocytes counts. The calculated NLR was found to be significantly (P<0.001) elevated by
110% in CAD patients compared with control individuals.

Conclusions: In view of significant enhancement of NLR level in our samples, we recommend its use as a predictive biomarker
of CAD because it is a simple and inexpensive method and could be performed in a routine blood sample.  
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comparatively better prognostic marker than neu-
trophils or lymphocytes alone. Several studies have
also suggested NLR as a potential inflammatory
marker for cancer and other systemic diseases(4-6). 

There are innumerable scientists working in the
CAD thrust area, atherogenesis and their secondary
complications all across the globe.  The scientific
work currently carried out in USA, UK, Australia,
China, Japan, South Korea and India have quite a
relevancy, because the majority of developed and/or
developing countries have very high occurrence of
CAD in their population. Therefore, the need of the
hour is to stop the menace of the chronic inflamma-
tion associated with CAD at the early stage.
Kingdom of Saudi Arabia (KSA), also does not have
different scenario compared with above- mentioned
countries. The number of CAD patients in KSA is
increasing alarmingly, and it is becoming essential to
find out early, an inexpensive and easily measurable
biomarker of CAD to stop its progression at an early
stage. We believe that the current study will provide
new avenues to a cardiologist to check the menace of
CAD at its earlier stages. As far as our knowledge
goes, we are for the first time suggesting the use of
NLR as a potential biomarker of CAD, especially in
the Saudi population. 

Materials and methods

The study included 200 subjects: 100 con-
firmed chronic CAD patients who have visited out-
patient OPD at KAUH, Jeddah, and 100 healthy con-
trol individuals. Written and properly informed con-
sent was obtained from all the individuals before the
commencement of the study. It was carried out
between October 2014 and March 2015 at KAUH,
Jeddah. This study was approved by the ethical com-
mittee of the institution. The selection of study sub-
jects was made by confirming CAD based on the
presence of wall-motion abnormality on left ven-
triculography and attendant stenosis of at least 50%
in any of the major coronary arteries or in the left
main trunk, as documented by coronary angiography.
Individuals who have a history of significant or seri-
ous uncontrolled disease and unwilling or unable to
comply with the protocol were excluded from the
study. Body mass index (BMI) was calculated as
weight/length2 (kg/m2).

The peripheral blood samples were collected in
EDTA and EDTA free tubes from selected cardiovas-
cular patients and healthy control individuals.
Complete blood cell examinations were done using

Cell-Dyn Ruby (Illinois, USA) immediately after the
sample collection. In addition, serum separation was
done by centrifugation at 2000g for 5 min. The col-
lected serum samples were stored at -80 °C until fur-
ther analysis. Serum HbA1c and insulin were ana-
lyzed on Dimension VistaTM System (Camberley,
UK) and Architect ci4100 (Abbott, USA) respective-
ly based on different principal procedures. The proto-
col provided by the manufacturer’s (Siemens
Healthcare Diagnostics, Camberley, UK) were strict-
ly adhered. Serum CRP, fasting glucose and lipid
profile were estimated on a dedicated Selectra ProM
clinical chemistry analyzer system (ELITech, Sees,
France). Non-HDL cholesterol determinations were
done by subtracting LDL value from total choles-
terol. These parameters were estimated according to
the conventional laboratory protocols using enzymat-
ic spectroscopic methods. All the instruments used in
the study were calibrated daily and quality controls
were duly maintained. Information’s obtained from
complete blood cell counts were used to calculate
neutrophil to lymphocyte ratio. 

Statistical analyses
A statistical analysis was performed to find out

the correlation between CAD patients and healthy
control individuals. All statistical variables expressed
as mean ± SD and were analyzed by student t-test
using GraphPad prism 5 software. P value <0.05 was
considered statistically significant. 

Results 

The study population consisted of 100 con-
firmed CAD patients [67 men and 33 women] with
an average age of 51 years and 100 healthy control
subjects [63 men and 37 women] with an average
age of 48 years. The study population was catego-
rized into two groups according to presence or
absence of significant CAD. Both groups were fairly
similar in terms of age, gender and BMI (based on
sample availability). The baseline demographic char-
acteristics of both groups are presented in table 1.

Various CAD risk factors such as lipid profile,
fasting glucose, HbA1c, and insulin were estimated
in serum samples. Among the lipid parameters, total
cholesterol and LDL showed an increase in the level
from 3.77 to 4.24 (P<0.01) and 2.37 to 2.72 (P<0.05)
respectively. However, calculated non-HDL level
showed a decline in its level from 3.12 to 2.73
(P<0.05). Triglycerides (TGL) and HDL level did
not show any significant change among two studied
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groups. Different diabetic markers also showed the
remarkable rise in fasting glucose (5.38 to 8.51),
Hb1Ac (5.26 to 8.05) and insulin (15.52 to 22.44) in
CAD group. The well-known inflammatory marker
(CRP), also showed a significant rise of approxi-
mately 40% in CAD group compared with control
individuals. 

The WBC analysis revealed a significant
increase in its total number, as well as in neutrophils
and lymphocytes count compared with healthy con-
trol individuals, whereas other cells such as mono-
cytes, eosinophils and basophils did not show any
significant change. The calculated NLR was found to
be significantly elevated by 150% (P<0.001) in CAD
patients compared with control individuals. The
results of the above mentioned biological parameters
are summarized in table 2.

Discussion 

CAD remains a major challenge in the field of
cardiovascular research without specific treatment
and preventive measure till date. 

Since several years, dyslipidemia has been con-
sidered as an important risk factor for CAD(7-9).
Moreover, reduction in LDL levels has been well
established treatment strategy to reduce CAD events,
especially in patients with high risk(10, 11). Our study
also reported an increase in the level of dyslipidemia
agents such as total cholesterol and LDL (Table 2).
Recently, novel calculated parameter (Non-HDL)
has been suggested as a more accurate risk predictor
of CAD. The inclusion of very low-density lipopro-
tein (VLDL) remnants in the calculation of non-HDL
cholesterol, makes it more valuable because it repre-
sents most of the apoB and apoA1 contents. We have
also recorded a significant decline in Non-HDL level
in CAD patients compared with control individuals.    

It has been suggested in the scientific literature
that CAD risk increased up to 4 fold in diabetic sub-
jects(13). HbA1c has been suggested for its strong
relationship with CAD in both diabetic and non-dia-
betic patients, providing information about the
occurrence and severity of the disease(14, 15).

In addition, hyper-insulinemia (a marker of low
insulin sensitivity) has been related to CAD in previ-
ous prospective and cross-sectional studies(16, 17). Our
study also agrees with the previously confirmed
association of diabetic markers, such as level of fast-
ing glucose, insulin, and HbA1c, and CAD(14, 17).

Active involvement of various inflammatory
pathways and associated inflammatory mediators
have a major role in the initiation and progression of
atherosclerotic lesions(18). Several studies suggested
enhanced expression of CRP in cardiovascular
patients(19-21). The present study also noted the signifi-
cant rise in CRP level in CAD patients, which further
confirms the inflammatory involvement in CAD
cases(20). 
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Demographic
characterization

Control group
(n = 100)

CAD group
(n = 100)

Age 48±5 51±10

Sex (Man %) 63 67

Weight 79±8 81±15

Body mass index 31±3 29±5

Table 1: Comparisons of demographic characterization
of study groups.

Biological parameters Control group
(n = 100)

CAD group
(n = 100) P value

Fasting Glucose 5.38±0.49 8.51±3.82 P < 0.001

Hb1Ac 5.26±0.41 8.05±2.00 P < 0.001

Insulin 15.52±1.67 22.44±17.44 P < 0.001

Total Cholesterol 3.77±0.57 4.24±1.03 P < 0.001

TGL 1.60±0.31 1.70±0.80 Non Significant

HDL-C 1.04±0.16 1.11±0.25 Non Significant

LDL-C 2.37±0.57 2.72±0.85 P < 0.001

Non-HDL 3.12±0.99 2.73±0.57 P < 0.001

CRP 1.55±0.33 2.15±0.93 P < 0.001

PLT 285.41± 46.99 290.83±39.32  Non Significant

RDW-CV 13.61± 0.48 14.03±1.57 Non Significant

WBC 6.93±1.88 7.75 ± 1.32 P < 0.001

Neutrophils 3.02±1.18 4.24± 0.52 P < 0.001

Lymphocytes 2.86±0.69 1.99 ± 0.41 P < 0.001

Monocytes 0.58±0.15 0.58 ± 0.18 Non Significant

Eosinophils 0.43±0.35 0.36 ± 0.19 Non Significant

Basophils 0.05±0.03 0.04 ± 0.02 Non Significant

NLR 1.05±0.29 2.21 ± 0.52 P < 0.001

Table 2: Comparisons of clinical and biochemical cha-
racteristics of control individuals and CAD patients.
CAD: Coronary artery disease, Hb1Ac: Glycosylated hemoglo-
bin, TGL: Triglycerides, HDL-C: High-density lipoprotein cho-
lesterol, LDL-C: Low-density lipoprotein cholesterol, Non-
HDL: Non-high-density lipoprotein cholesterol, CRP: C- reac-
tive proteins, PLT: Platelet counts, RDW-CV: Red cell distribu-
tion width- coefficient of variation, WBC: White blood cell,
NLR: Neutrophils to lymphocyte ratio



Platelets count has been reported as a measure
of inflammatory status in chronic inflammatory con-
ditions(22, 23). The effect of increased platelet numbers
that are still within physiologic ranges remains
unclear. Some studies reported an association of
higher platelet counts and rapid platelet-aggregation
response with coronary death(24, 25). However, one
study suggested that platelet counts and aggregation
that are within physiologic range are not related to
CAD events(26). Our study did not show any signifi-
cant change in platelets count in CAD patients com-
pared with control individuals. 

RDW is a hematological parameter routinely
obtained as part of the complete blood count which
measures red blood cell size heterogeneity. The exact
correlation between RDW and coronary complica-
tions are not completely elucidated as yet. Moreover,
some studies suggested, RDW as a predictor of
adverse outcomes in patients with heart failure and in
patients with prior myocardial infarction(27-30).
However, our study did not show any significant
association of RDW between CAD and control
group. 

WBC have been proposed as an important
factor in the destabilization of coronary artery
plaques and its elevated count is considered as one
of the risk factors of CAD(31). Pathogens mediated
elevation in WBCs count has also been reported as
a key mechanism which could lead to disruption of
plaques(32). Several previous studies highlighted the
inflammatory role of WBCs and suggested their
clinical practice as an independent predictor of
coronary risk(25, 31, 33, 34). An Atherosclerosis Risk in
Communities (ARIC) study on 13,555 CAD
patients confirmed the association of elevated
WBC count with increased incidence of coronary
heart disease, ischemic stroke, and mortality(35).

Moreover, the altered equilibrium of WBC sub-
types such as neutrophils and lymphocytes are also
associated with the presence of coronary heart dis-
ease, peripheral arterial disease and stroke(25). Our
study supports the previous finding and showed sig-
nificant enhancement in total WBC counts and its
subtypes such as neutrophils and lymphocytes in
CAD patients compared with healthy control indi-
viduals (Table 2). Inflammatory involvement in our
study groups is also confirmed by the status of other
inflammatory markers which could lead to higher
level of WBCs and its subtypes. It is believed in the
scientific community that identification of a particu-
lar blood cell type could better predict the differential
identification of CAD over total WBC count(25). 

The search for specific inflammatory markers
of CAD led to the development of various novel bio-
markers with higher specificity and sensitivity(36).
Among them, NLR has gained increased attention as
a potential biomarker for the risk assessment of CAD
recently(3). Several studies reported the association of
enhanced NLR with CAD that could be used as a
marker for risk prediction, diagnostic assessment and
disease severity(37-39). Arbel et al.(31) suggested, NLR
relation to the severity of CAD and clinical outcome
in patients undergoing angiography. Sahin et al.(32)

suggested NLR as an indicator of the presence of
CAD in diabetic patient. In addition, higher NLR has
also been associated with increased cardiac mortality
in clinically stable patients with CAD compared with
total WBCs count(37). The present study is in accor-
dance with the previous results and further supports
the use of NLR as a valuable biomarker of CAD risk
and assessment.

Conclusion

Keeping in mind the early acting immunologi-
cal nature of neutrophils and lymphocytes and their
presence in the blood circulation, we recommend the
use of NLR as a biomarker of CAD because of their
simple, easily measurable and inexpensive method.
Along with previous international recommendations,
our study supports the use of NLR as a cost- effec-
tive biomarker to predict the future cardiovascular
risk.
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