
OR I G I N A L R E S E A R C H

Neutrophil–Lymphocyte Ratio (NLR) for

Predicting Clinical Outcomes in Patients with

Coronary Artery Disease and Type 2 Diabetes

Mellitus: A Propensity Score Matching Analysis
This article was published in the following Dove Press journal:

Therapeutics and Clinical Risk Management

Shang Qiao

Wen Gao

Shujun Guo

Department of Cardiology, Bayan Nur

Hospital of the Nei Monggol Autonomous

Region, Bayan Nur City 015000, People’s
Republic of China

Background: Cardiovascular diseases (CVD) combined with Type 2 diabetes mellitus

(T2DM) frequently occurred. In this study, we aimed at exploring the prognostic significance

of blood neutrophil–lymphocyte ratio (NLR) in these types of patients.

Patients and Methods: Between June 30, 2010 and August 30, 2017, 1454 patients with CVD

were enrolled in this study. Kaplan and Meier methodology was used for survival analysis. We also

used propensity scorematching (PSM) to further compare survival in patientswith orwithout T2DM.

Results: Among all patients, we applied ROC curve analysis to stratify all patients into two

different groups including NLR >2.5 (n=432) and NLR≤ 2.5 (n=1022) groups. After that, we

further performed survival analysis between different groups. We found that patients with NLR

≤2.5 had significantly favorable OS compared with the overall survival in patients with NLR

>2.5. We further built the PSM using 242 pairs of patients who have CVD and with or without

T2DM. After adjusting for competing risk factors, we performed Cox proportional hazards

models to identify the independent prognostic factors in multivariable adjustment. We found that

NLR ≤2.5 (HR: 2.576, 95% CI: 1.241–4.583, P =0.001) and extent of coronary artery disease

(HR: 2.432, 95% CI: 1.189–4.392, P =0.005) remained independent predictors of OS.

Conclusion: In conclusion, we have established an PSM model and found that a high NLR

value was an independent prognostic factor for survival, predicting in patients with both

CAD and T2DM. The NLR value would be a valuable biomarker to evaluate the outcomes of

patients and give them opportunities for choosing alternative therapies.

Keywords: neutrophil–lymphocyte ratio, NLR, cardiovascular diseases, CVD, type 2

diabetes mellitus, T2DM

Introduction
Cardiovascular diseases (CVD) are considered the leading causes of all mortality world-

wide in these decades.1,2 It is estimated that 17.7 million people died of CVD in 2015 all

over the world, and coronary artery disease (CAD) and stroke were the major causes.3

Type 2 diabetes mellitus (T2DM) is increasing and patients subjected to T2DM have at

least a two-fold increased risk for coronary artery disease, stroke, peripheral arterial

disease, cardiomyopathy and heart failure.4–7 Although the risk of coronary events can

be reduced by aggressive management of co-existing risk factors and prophylactic

treatments, risk stratification and prognostication in patients both CAD and T2DM are

important so that individuals at high risks can be accurately targeted for prevention.8–10
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The inflammatory response plays an important role in the

pathogenesis of atherosclerosis and closely associated with the

progression of atherosclerosis. Neutrophil to lymphocyte ratio

(NLR) has been found to be associated with glucose control in

type 2 diabetes mellitus (T2DM) in recent literature.11 It is also

useful in the differentiation of thyroid nodules,12 in

thyroiditis,13 in heart failure,14 in ulcerative colitis,15 and in

alcoholic hepatitis.16 The inflammatory mediators that

secreted by neutrophils can cause vascular wall

degeneration.17–19 Conversely, the inflammatory mediators

that secreted by lymphocytes have an anti-atherosclerotic

response and regulate the inflammatory process. Therefore,

the neutrophil to lymphocyte ratio (NLR) has the potential to

be a valuable inflammatory biomarker and could be a predictor

of prognosis for patients with CAD.

Chronic inflammation plays an important role in the patho-

genesis of diabetes, its development and complications.20–22 In

particular, leukocytes are the leading factor in the process of

vascularwall degeneration in patientswith diabetes, participate

in the evolution of atherosclerosis, participate in the instability

and rupture of plaques, and lead to thrombotic events. In

addition, there is growing concern about leukocyte subtypes,

especially neutrophil-to-lymphocyte ratio (NLR), which is

a cheap and convenient way to identify inflammatory para-

meters and may be more accurate than absolute blood cell

counts. NLR could be a vascular risk indicator for CVD.23–25

However, so far, there are not many reports evaluating the

relationship between diabetes and NLR and its effect on

CAD in patients with diabetes, which is the purpose of this

study. In the present study, we evaluated the prognostic value

of NLR in patients with both CAD and T2DM. Moreover, we

also analyzed the relationship between the NLR and other

clinical characteristics.

Patients and Methods
Patients and Study Design
This study consisted of 1454 consecutive patients with

CAD identified retrospectively from June 30, 2010 to

August 30, 2017. The study was approved by the

Regional Ethical Review Board for Bayan Nur Hospital

of the Nei Monggol Autonomous Region. Patients were

treated according to the Declaration of Helsinki’s ethical

principles for medical research involving human subjects.

All patients provided an informed written consent prior to

study entry. In brief, patients with known hepatobiliary

disease, alcohol abuse, acute infection, cardiogenic shock

or a known malignancy were excluded. Patients are also

excluded if they have a malignancy, a severe, uncontrolled

medical condition, or a mental illness that limits their

ability to comply with research requirements.

Pretreatment Evaluation
Each patient has a medical history and physical examina-

tion results. Each patient also had an electrocardiogram,

abdomen and pelvis (and chest, if needed), serum chem-

istry and CBC, and urinalysis.

Coronary Angiography
Coronary angiography was routinely performed using a digital

system (AXIOM Artis dTC from Siemens Medical Solutions,

Ireland, Germany), using Judkins technology and 6-Fr left and

right heart catheters. Quantitative coronary angiography (QCA)

is performed using an automated edge detection system (Quant

Cor-QCA and ACOM, Siemens), as described elsewhere. The

measurement parameters were the minimum lumen diameter,

reference diameter, percent stenosis, and lesion length.

Significant coronary artery disease is defined as having at

least one coronary artery stenosis >50%, while severe coronary

artery disease is defined as three-vessel disease and/or left main

disease. In the case of patients who have previously received

percutaneous coronary intervention (PCI), the treated blood

vessels are considered a major disease even if no restenosis is

observed. In previous heart bypass patients, autologous arteries

and grafts were consideredwhen assessing the degree of arterial

disease (the number of diseased blood vessels).

T2DM Diagnosis
The following criteria are required for the diagnosis of

type 2 diabetes: 1) determine the diagnostic criteria for

diabetes, that is, the patient is receiving active treatment

with insulin or oral hypoglycemic drugs; 2) according to

the World Health Organization Diabetes Standard, regard-

ing fasting blood glucose abnormalities (≥126 mg/dL Or

≥7.0 mmol/L) or glucose tolerance test (≥200 mg/dL or

≥11.1 mmol/L) hospital records. A patient is diagnosed

with arterial hypertension if they are receiving active treat-

ment with antihypertensive drugs or at least twice with

systolic blood pressure ≥140 mmHg or diastolic blood

pressure >90 mmHg.

Study Outcome and Follow-Up
The primary endpoint measure was all-cause mortality at 5

years of follow-up. The secondary endpoint is the complica-

tions associated with CAD and T2DM. Cardiac mortality,

non-fatal myocardial infarction and stroke were also assessed.

Qiao et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Therapeutics and Clinical Risk Management 2020:16438

http://www.dovepress.com
http://www.dovepress.com


Heart death is defined according to academic research asso-

ciation standards. Myocardial infarction is detected by an

electrocardiogram (new abnormal Q waves appearing in ≥2
adjacent limb leads or ≥2 adjacent anterior cardiac leads) or

enzymatically (recording an increase in creatine kinase myo-

cardial band activity >2 times) (>3 times within 48 hours after

PCI) diagnostic, in the presence of clinical symptoms) stan-

dard. Stroke is defined as an acute neurological event with

a duration of ≥24 hours, with focal signs and symptoms, and

there is no evidence to support another interpretation. The

diagnosis of stroke requires confirmation by computed tomo-

graphy, magnetic resonance imaging, or pathology.

The post-discharge follow-up plan includes telephone

follow-ups of 1 month, 6 months, 1 year, and each year

thereafter to determine the status of life and the occurrence

of cardiovascular events. Death information was obtained

through hospital records, death certificates, and telephone

contact with the patient’s relatives or referring doctor.

Contact insurance companies and address registries.

Follow-up data was collected by medical staff who did

not know the patient’s clinical or laboratory information.

Statistical Methods
Continuous variables were expressed as mean ± SD (standard

deviation) and compared using a two-tailed unpaired

Student’s t test; the cut-off value of NLR was identified by

the area under ROC curve (AUC).26 Kaplan and Meier meth-

odology was used to perform the survival analysis.27 The

Greenwood formula was used for the standard deviation.

A Cox proportional hazards regression approach28 was cho-

sen for the evaluation of OS as the primary end-point.

Potential prognostic variables were analyzed both univariately

with one factor taken at a time, and then in a multivariate

model combining all factors. All statistical evaluations were

carried out using SPSS software (Statistical Package for the

Social Science, version 15.0, SPSS Inc, Chicago, IL).

Results
Patients’ Characteristics
One thousand four hundred and fifty-four patients with

CAD were separated into two groups (Figure 1): patients

with T2DM group (N = 628, 43.2%) and patients without

T2DM group (N = 826, 56.8%). Meanwhile, patients

were divided into NLR >2.5 group (N = 432, 29.7%)

and NLR ≤2.5 group (N = 1022, 70.3%) according to the

routine examination at admission. The comparisons of

patients’ characteristics are illustrated in Table 1. Patient

characteristics significantly differed between the two

groups (p <0.05), including body mass index (kg/m2),

clinical presentation, smoking status, C-reactive protein

(mg/L), GGT (U/L), serum creatinine (mg/dL), estimated

GFR (mL/min) and T2DM. After Propensity Score

Matching analysis (PSM), there was no significant differ-

ence between the two groups. The comparison of the two

groups is shown in Table 2.

Survival Analysis of Patients with CAD

with Respect to NLR
In this study, we performed ROC analysis to confirm 2.5

as the cut-off value of NLR according to the overall

survival of patients with CAD. After then, we performed

survival analysis to identify the factors associated with

prognosis of patients with CAD. After propensity score

matching, a total of 242 pairs of patients with both CAD

and T2DM were selected. Comparisons of matched group

are demonstrated in Table 2. No statistical significance

was shown between the two groups (P >0.05). Before

propensity matching, there was no significant association

of NLR with an increased risk of OS (HR: 1.121, 95% CI:

0.954–1.452, p=0.187, Figure 2A) in our study. After

propensity matching, there was a significant association

of NLR with an increased risk of OS (HR 1.804, 95% CI

1.437–3.201, p=0.001, Figure 2B).

Predictors Associated with Clinical

Outcomes
After adjusting for competing for risk factors,

a multivariable analysis showed that NLR ≤2.5 (HR:

2.576, 95% CI: 1.241–4.583, P =0.001) and extent of

Figure 1 Study flow chart.
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coronary artery disease (HR: 2.432, 95% CI: 1.189–4.392,

P =0.005) remained independent predictors of OS. The

details are shown in Figure 3.

Discussion
Previous results demonstrated that systemic inflammation

biomarkers and mortality are strengthened when both CAD

and T2DM were presented.29–31 The current study confirms

the results of previous studies and further supports the link

between NLR and CAD and total mortality in patients with

diabetes. Considering the association between systemic

inflammation and cardiovascular risk factors, the observed

association between systemic inflammation and mortality

can be explained by the presence of cardiovascular risk

factors. Cardiovascular risk factors are more likely to

increase in NLR. Neutrophil to lymphocyte ratio (NLR) has

been found to be associated with glucose control in type 2

diabetes mellitus (T2DM) in recent literature.11 It is also

useful in the differentiation of thyroid nodules,12 in

thyroiditis,13 in heart failure,14 in ulcerative colitis,15 and in

Table 1 Demographics and Baseline Characteristics of Patients

Variable All

Patients

with CAD

(n=1454)

NLR >2.5 NLR ≤2.5 p Value

(N = 432) (N = 1022)

Age 65.6 ± 10.2 68.5 ± 10.3 58.3 ± 11.2 0.001

Gender 0.191

Female 513 181 332

Male 941 251 690

Body mass index

(kg/m2)

27.6 ± 4.3 30.6 ± 3.2 25.4 ± 2.8 0.004

Clinical

Presentation

0.008

Stable angina 852 282 570

Acute coronary

syndrome

602 150 452

Previous

Myocardial

Infarction

0.483

Yes 379 79 300

No 1075 353 722

Previous Coronary

Artery Bypass

Surgery

0.471

Yes 354 104 250

No 1100 328 772

Smoking Status 0.024

Minimal/never 542 270 272

Current/former 912 162 750

Extent of Coronary

Artery Disease

0.181

1-vessel disease 305 101 204

2-vessel disease 422 120 302

3-vessel disease 727 211 516

Multivessel Disease 0.352

Yes 828 252 576

No 626 180 446

C-reactive protein

(mg/L)

2.4 ± 3.4 2.87 ± 3.12 2.24 ± 2.8 0.012

GGT (U/L) 22.4 ± 16.5 57.3 ± 17.3 21.4 ± 20.4 0.001

Serum creatinine

(mg/dL)

0.95 ± 0.53 1.12 ± 0.42 0.9 ± 0.32 0.003

Estimated GFR

(mL/min)

78.6 ± 6.7 86.4 ± 7.4 75.3 ± 6.8 0.002

T2DM 0.001

Yes 628 255 373

No 826 177 649

Note: Data are presented as n (%) or median (range).

Table 2 Patients’ Characteristics After Propensity Score Matching

Variable NLR >2.5 NLR ≤2.5 p Value

(N = 242) (N = 242)

Age 62.1 ± 8.6 63.5 ± 7.5 0.763

Gender 0.876

Female 102 110

Male 140 132

Body mass index (kg/m2) 26.4 ± 3.1 27.0 ± 2.9 0.64

Clinical Presentation 0.831

Stable angina 182 190

Acute coronary syndrome 60 52

Previous Myocardial Infarction 0.374

Yes 57 72

No 185 170

Previous Coronary Artery Bypass

Surgery

0.672

Yes 66 79

No 178 163

Smoking Status 0.231

Minimal/Never 114 130

Current/Former 128 112

Extent of Coronary Artery Disease 0.704

1-vessel disease 60 70

2-vessel disease 85 83

3-vessel disease 97 89

Multivessel Disease 0.496

Yes 170 154

No 72 88

C-reactive protein (mg/L) 2.45 ± 2.49 2.38 ± 2.75 0.418

GGT (U/L) 31.2 ± 16.9 29.8 ± 17.1 0.219

Serum creatinine (mg/dL) 0.94 ± 0.29 0.92 ± 0.25 0.193

Estimated GFR (mL/min) 77.2 ± 7.5 76.8 ± 6.3 0.549
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alcoholic hepatitis.16 This article details a new method for

pairing using propensity scores in a retrospective cohort

study, comparing the efficacy of patients with coronary

heart disease and type 2 diabetes with an NLR> 2.5 group

to the usual NLR ≤2.5 group. Propensity scores provide

a statistically and logically more effective way to register

for retrospective cohort studies than alternative study

designs.32,33 Propensity score analysis is a statistical method

that was introduced in 1983 and applied to various clinical

researches. Propensity score analysis can effectively adjust

for confounders in a retrospective observational study, thus

facilitating comparability between patient groups.34–37

Although still infrequently used in cardiac research studies,

propensity score analysis is increasingly applied in clinical

research. The purpose of this article was to provide a step-by-

step nonmathematical conceptual guide to propensity score

analysis from a cardiac research point of view with particular

emphasis on propensity score matching.

This study demonstrates that an NLR assessment based on

pre-treatment whole blood counts can independently predict

survival in patients with coronary heart disease and type 2

diabetes. This result is consistent with previously published

literature showing that patients with type 2 diabetes have high

NLR and poor prognosis.38,39 Yet, the cutoff value of the NLR

is inconsistent in these above studies, which reduces its clinical

applicability, we think the impact of the NLR has been

explored as a continuous explanatory variable and it is affected

by the patients' baselines and therapeutic approaches.

Therefore, we explored the pretreatment value of 2.5 as the

most appropriate cut-off value, not only taking into account

statistical sensitivity and specificity, but also considering clin-

ical significance. Our data indicate that, after matching for

propensity scores, the median OS of patients in the NLR

>2.5 group was much shorter than in patients in the NLR≤2.5
group. The neutrophil–lymphocyte ratio (NLR) is considered

to be one of the signs of a systemic inflammatory response and

is of great value in predicting the prognosis of various

diseases.40–42 Clearly, the challenge remains to identify reli-

able, cost-effective biomarkers to determinewhich patients are

most likely to continue to develop several diseases.

In summary, high NLR values can independently pre-

dict low survival rates for patients with coronary heart

disease and type 2 diabetes. NLR can help physicians

assess a patient’s prognosis and select alternative therapies

for patients with high NLR values.

Disclosure
The authors who have taken part in this study declared that

they have nothing to disclose regarding funding or conflict

of interest with respect to this manuscript.

Figure 2 (A) Overall survival (OS) for different groups divided by NLR before propensity score matching (p=0.187); (B) Overall survival (OS) for different groups divided by

NLR after propensity score matching (p=0.001).

Figure 3 Cox proportional hazards models were used to quantify the prognostic

significance of risk factors after multivariable adjustment.
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