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BACKGROUND: Neutrophil-to-lymphocyte ratio (NLR) has recently emerged as a new important inflammatory marker for pre-
dicting cardiovascular events. This study aimed to evaluate the combined impact of NLR and type 2 diabetes mellitus (T2DM)
on significant coronary artery disease (CAD) and carotid artery atherosclerosis.

METHODS: This study includes a total of 828 patients evaluated by coronary angiography and carotid ultrasonography. Signifi-
cant CAD was defined as at least one vessel with stenosis greater than 50%. We employed logistic regression models to investi-
gate the association of NLR and T2DM with significant CAD. The goodness-of-fit and discriminability of the models were as-
sessed by the loglikelihood ratio test and C-index, respectively. Also, we investigated the clinical relevance of the categorized NLR
that classifies patients into three risk groups (low, intermediate, high).

RESULTS: According to logistic regression analysis, both NLR {adjusted odds ratio (OR) 1.31, p < 0.001} and T2DM (adjusted
OR 2.46, p = 0.006) were independent risk factors of significant CAD. The addition of NLR and T2DM into a logistic regres-
sion model including conventional cardiovascular risk factors significantly improved the goodness-of-fit (9 < 0.001) and the dis-
criminability of the model (p = 0.004). Also, T2DM patients assigned into the high risk group (NLR > 2) showed the greater
prevalence of significant CAD and carotid artery atherosclerosis compared with patients without T2DM or type 2 diabetic pa-
tients assigned into the low risk group (NLR < 1).

CONCLUSION: Our results suggest that type 2 diabetic patients with high inflammatory state would be more vulnerable to sig-
nificant CAD and carotid artery atherosclerosis.
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INTRODUCTION

Previous studies have shown that inflammation plays an
important role in the initiation and progression of cardiovascu-
lar disease (CVD).”” Given the association of inflammation
with type 2 diabetes mellitus (TZDM),‘M) the role of inflam-
mation may be additive for the development of atherosclerosis

« *Bong-Joon Kim and Sang-Hoon Cho contributed equally to this work.

* Received: November 10, 2015 +Revised: May 9, 2016 «Accepted: May 10, 2016

in T2DM patients. Currently, the neutrophil-to-lymphocyte
ratio (NLR), a simple and inexpensive method for assessing
inflammatory status, has been investigated as a new predictor
for cardiovascular risk.”” However, few studies have investigat-
ed the combined impact of T2DM and inflammatory markers
including NLR on coronary artery disease (CAD) or carotid
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artery atherosclerosis. Because NLR was also found to be inde-
pendently associated with the coronary calcium score,” we hy-
pothesized that there exists an association between NLR and
the severity of CAD. The objective of this study was to evaluate
the combined impact of T2DM and NLR on significant CAD
and carotid artery atherosclerosis assessed by carotid artery ul-
trasound (US).

METHODS

STUDY POPULATION

A total of 828 patients admitted to our institution for sus-
pected CAD, who underwent carotid artery US and coronary
angiography from January 2013 to October 2014, were enrolled
in this study. All patients were evaluated for the presence of car-
diovascular risk factors such as hypertension, hypetlipidemia,
T2DM, stroke history, obesity, and smoking status. Height
and weight were measured, and body mass index (BMI, kg/
m’) was calculated. Patients were considered hypertensive if
they were previously diagnosed with hypertension, used any
anti-hypertensive medications, or had a systolic blood pressure
> 140 mm Hg and/or a diastolic blood pressure > 90 mm Hg.
T2DM was defined as a fasting plasma glucose level of more
than 126 mg/dL on two consecutive readings, a previous diag-
nosis of T2DM or the use of anti-diabetic medications such as
oral anti-diabetic agents or insulin. Patients were asked wheth-
er they were current smokers or nonsmokers. The presence of
dyslipidemia was assumed if participants were taking lipid-
lowering drugs or had a high cholesterol level. Obesity was de-
fined as a BMI above 25 kg/m’, as per the Korean Society for
the Study of Obesity.” Significant CAD was defined as the pres-
ence of at least one vessel with stenosis > 50%, and significant
carotid atherosclerosis was defined as an increased intima me-
dia thickness IMT) > 0.9 mm or the presence of a plaque. Acute
coronary syndrome (ACS) was assumed if participants were di-
agnosed with myocardial infarction or unstable angina. Patients
being treated for systemic diseases affecting white blood cell
counts, such as hematopoietic disorders, and those with a his-
tory of malignancies and/or treatment with chemotherapy, evi-
dence of any concomitant inflammatory disease, acute infection,
chronic inflammatory status, history of glucocorticoid therapy
within the past 3 months, and secondary hypertension were ex-
cluded from the study. This study was approved by the Insti-
tutional Review Board of Kosin University School of Medicine,
and all patients provided written informed consent before par-
ticipation.

LABORATORY PARAMETERS

Complete blood count, which included total white blood
cells, neutrophils, lymphocytes, and platelets, was obtained at
the time of admission. Inflammatory markers including NLR
and high sensitivity C-reactive protein (hs-CRP) were mea-
sured. NLR was calculated as the ratio of the absolute neutro-

phil count to the absolute lymphocyte count. Both of these
values were obtained from the same automated blood sample.

CAROTID ARTERY ULTRASOUND

Participants rested for at least 10 minutes in the supine posi-
tion prior to carotid US examination. We scanned the bilateral
common carotid arteries (CCA), carotid bifurcations and the
origins of the internal carotid arteries in longitudinal and trans-
verse planes using a 14-MHz transducer (Philips iE33, Philips
Medical Systems, Bothell, WA, USA). A single observer, blind-
ed to participant demographic data and cardiovascular risk pro-
file, measured the combined thickness of the intima and me-
dia of both CCAs. After designating a region of interest in the
far wall of the CCA, the mean IMT was estimated in a region
free of atherosclerotic plaques using an automatic tracking sys-
tem.” An increased IMT was defined as > 0.9 mm in one or both
carotid arteries, and the presence of atherosclerotic plaque was
defined as a focal structure that encroached into the arterial lu-
men by at least 0.5 mm or 50% of the surrounding IMT value
or demonstrated a thickness of > 1.5 mm as measured from the
media—adventitial interface to the intima—lumen interface.'”""”
The plaque area was measured by tracing the plaque border,
and the total plaque area (TPA) was the sum of all plaque areas
between the clavicle and the angle of the jaw."” In addition,
carotid wall shear stress (WSS) was calculated using the Poi-
seuillian parabolic model of velocity distribution according to
Gnasso et al.'” Carotid artery atherosclerosis was defined if
there was increased IMT or the presence of plaque.

CORONARY ANGIOGRAM

An INTEGRIS BV 5000 (Philips Medical System, Best,
the Netherlands) was utilized to visualize the coronary artery ste-
nosis. Quantitative measurements were analyzed using a work-
station with dedicated software (WIN 32 version 3.3). Pa-
tients with at least one lesion of > 50% stenosis within the main
branches of the coronary arteries were considered to have sig-
nificant CAD. Patients with minimal atherosclerotic lesions
(£ 50% stenosis) in the coronary arteries were not included.

STATISTICAL ANALYSIS

The differences in baseline characteristics between patient
groups (not-significant CAD and significant CAD) were test-
ed using the t-statistics for continuous variables and using the
chi-square statistics (or the Fisher exact test) for categorical
variables. Logistic regression models were employed to inves-
tigate the association between significant CAD and baseline
clinical and laboratory covariates including NLR and T2DM.
Avoiding multi-collinearity, we performed a variable selection
in stepwise fashion. The calibration and discriminability of lo-
gistic regression models were validated by the Hosmer-Leme-
show test and C-index, respectively. Utilizing likelihood ratio
tests and the Delong’s tests,”” we compared the goodness-of-fit
and discriminability of four different logistic regression mod-
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els: Model 1 includes conventional cardiovascular risk factors
such as age, gender, smoking status, high density lipoprotein
(HDL) cholesterol, hemoglobin; Model 2 extends Model 1
with T2DM; Model 3 extends Model 1 with NLR; Model 4
extends Model 1 with T2DM and NLR, respectively. After
verifying the prognostic value of NLR on a continuous scale,
we also investigated the clinical relevance of the categorized
NLR that classifies patients into three risk groups (low, inter-
mediate, high). The cut-values for the NLR risk groups were
carefully searched to minimize information loss in terms of lo-
glikelihood differences discretizing the continuous variable of
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NLR."” One-way analysis of variance or homogeneity tests us-
ing the chi-square statistics were performed to compare the
NLR risk groups (low and high) further classified by T2DM
status. In hypothesis testing, a significance level of 0.05 was
chosen. All statistical analyses were performed using R (htep:/
WWW.I-Project.otg).

RESULTS

PATIENT CHARACTERISTICS
The baseline clinical and laboratory characteristics of the

Table 1. Baseline clinical and laboratory characteristics according to the significant CAD

Variable Not-significant CAD (n = 577) Significant CAD (n = 251) p-value
Age, years 57.6 +13.3 64.3 =114 < 0.001
Male, n (%) 305 (52.8) 163 (64.9) 0.002
BMI, kg/m’ 24.8 34 24.5 £ 2.9 0.267
Smoking, n (%) 94 (16.3) 96 (38.2) <0.001
Hypertension, n (%) 274 (47.5) 141 (56.2) 0.022
Stroke, n (%) 16 (2.8) 4(1.6) 0.216
Dyslipidemia, n (%) 396 (68.6) 185 (73.7) 0.140
T2DM, n (%) 101 (17.6) 87 (34.4) < 0.001
Obesity, n (%) 256 (44.4) 114 (45.4) 0.489
Total cholesterol, mmol/L 168.3 + 41.3 152.6 + 41.4 < 0.001
HDL cholesterol, mmol/L 46.0 + 12.7 42.0+11.6 < 0.001
Triglyceride, mmol/L 134.9 = 107.2 1284 = 83.8 0.345
LDL cholesterol, mmol/L 92.2 +34.3 81.7 £ 33.0 < 0.001
Hemoglobin Alc, % 6.7 +15 74 +1.7 < 0.001
White blood cell, x 103/].1L 7198.5 + 2012.5 7877.4 + 2302.1 < 0.001
Neutrophil (%) 56.4 +10.3 602 +11.4 <0.001
Lymphocyte (%) 32.6+94 27.9+9.8 <0.001
Eosinophil (%) 2623 2.7 27 0.464
Hemoglobin (g/dL) 133+ 1.6 128 + 1.8 < 0.001
Platelet, x 10’/mm’ 2132 = 564 210.9 = 80.6 0.674
NLR 20+1.2 3.1+35 < 0.001
hs-CRP, mg/dL 05+23 0.8+25 0.144
Aspirin, n (%) 285 (49.3) 190 (75.7) 0.001
Beta-blocker, n (%) 359 (62.2) 189 (75.3) 0.001
ACEIL n (%) 216 (37.4) 96 (38.2) 0.320
ARB, n (%) 190 (32.9) 108 (43.0) 0.009
CCB, n (%) 234 (40.6) 101 (40.2) 0.315
Statin, n (%) 395 (68.5) 208 (82.3) < 0.001
Diuretics, n (%) 98 (17.0) 40 (15.9) 0.293
Oral DM medication, number < 0.001
1 44(7.6) 33(13.1)
2 23 (4.0) 18(7.2)
3 17 (2.9) 27 (10.8)
4 1(0.2) 1(0.4)
Insulin 5(0.9) 9(3.6) 0.007

Data are presented as mean = SD or frequency with percentage in parenthesis. BMI: body mass index, CAD: coronary artery disease, T2DM: type 2 diabetes
mellitus, HDL: high density lipoprotein, LDL: low density lipoprotein, NLR: neutrophil-to-lymphocyte ratio, hs-CRP: high sensitivity C-reactive protein,
ACEL: angiotensin-converting-enzyme inhibitor, ARB: angiotensin receptor blockers, CCB: calcium channel blockers, DM: diabetes mellitus
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study groups (not-significant CAD and significant CAD) were
summarized in Table 1. Patients with significant CAD were
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Fig. 1. Association of NLR with the severity of CAD; angiographically
normal coronary arteries, one-vessel CAD, two-vessel CAD, and three-
vessel CAD. NLR was significantly associated with the severity of CAD.
CAD: coronary artery disease, NLR: neutrophil-to-lymphocyte ratio.

order and more likely to be male; they more frequently had a
smoking habit, hypertension and T2DM (p < 0.001); they had
higher levels of hemoglobin, cholesterol profiles, and NLR (¢ <
0.001). Also, there was a positive correlation between NLR
and the severity of CAD (Fig. 1).

PROGNOSTIC VALUE OF NLR AND T2DM WITH
SIGNIFICANT CAD

According to simply logistic regression analysis, the margin-
ally significant baseline clinical and laboratory covariates includ-
ing age, gender, smoking status, hypertension, total cholesterol,
HDL cholesterol, low density lipoprotein cholesterol, hemo-
globin, T2DM, and NLR were entered into a multivariable lo-
gistic regression model (Table 2). According to the final model
selected in stepwise fashion, both NLR {adjusted odds ratio
(OR), 1.25; 95% confidence interval (CI), 1.13~1.4; p < 0.001}
and T2DM (adjusted OR, 1.72; 95% CI, 1.17-2.52; p = 0.0006)
were independent prognostic factors significantly associated
with significant CAD after adjusting age, gender, smoking
status, HDL cholesterol and hemoglobin (Table 2). There was
no evidence against the goodnees-of-fit of the fitted model (Hos-

Table 2. Predictors of the significant coronary artery disease using logistic regression models

Simple Multivariable
Predictor . 95% CI . 95% CI
Odds ratio p-value Odds ratio p-value
Lower Upper Lower Upper

Age 1.04 1.03 1.06 < 0.001 1.96 0.19 20.17 0.57
Male 0.65 0.48 0.88 0.005 1.03 1.02 1.05 < 0.001
Smoking 3.18 2.27 4.46 < 0.001 0.18 0.1 0.29 < 0.001
Hypertension 1.36 1.01 1.83 0.043
Total cholesterol 0.99 0.99 0.99 < 0.001
HDL cholesterol 0.97 0.96 0.98 < 0.001 0.98 0.97 1 0.028
LDL cholesterol 0.99 0.99 0.99 < 0.001
Hemoglobin 0.84 0.77 0.92 < 0.001 0.89 0.79 1 0.046
T2DM 2.46 1.75 3.44 < 0.001 1.72 1.17 2.52 0.006
NLR 1.31 1.19 1.45 < 0.001 1.25 1.13 14 < 0.001

CI: confidence interval, HDL: high density lipoprotein, LDL: low density lipoprotein, T2DM: type 2 diabetes mellitus, NLR: neutrophil-to-lymphocyte ratio

Table 3. Comparison of the goodness-of-fit and discriminability of logistic regression models

Likelihood ratio test Discriminability
LogLik Diff. p-value C-index (%) Diff. (%) p-value’
Model 1 -427.24 75.67
Model 2 -422.59 76.60
Model 3 -415.31 77.20
Model 4 -411.53 77.95
Model 1 vs. Model 2 4.65 0.002 0.94 0.060
Model 1 vs. Model 3 11.93 < 0.001 1.54 0.022
Model 1 vs. Model 4 15.72 < 0.001 2.28 0.004

Model 1: age + gender + smoking status + HDL + hemoglobin, Model 2: Model 1 + T2DM, Model 3: Model 1 + NLR, Model 4: Model 1 + T2DM + NLR.
*#p-value is based on the loglikelihood ratio test, Tp-value is based on the Delong’s test. LogLik: loglikelihood, Diff.: difference, C-index: Harrell’s concordance
index, HDL: high density lipoprotein, T2DM: type 2 diabetes mellitus, NLR: neutrophil-to-lymphocyte ratio
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mer-Lemeshow test statistic y* = 10.71; df = 8; p = 0.2188).
As seen from Table 3, the incremental effect of NLR and
T2DM on significant CAD was investigated by comparing four
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Fig. 2. Comparison of receiver operating curves based on four different
logistic regression models. Model 1: age + gender + smoking status +
HDL + hemoglobin; Model 4: Model 1 + T2DM + NLR. p-value is based
on the loglikelihood ratio test; p-value + is based on the Delong’s test.
HDL: high density lipoprotein, AUC: area under curve, T2DM: type 2
diabetes mellitus, NLR: neutrophil-to-lymphocyte ratio.
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different logistic regression models. According to the compar-
ison among these models, NLR together with T2DM signifi-
cantly improves the goodnees-of-fit and discriminability of the
Model 1 (loglikelihood difference, 15.72; p < 0.001; C-index dif-
ference, 2.28; p = 0.004) (Fig. 2).

OPTIMIZED CUT-VALUES OF NLR

The upper and lower cut-off values of NLR determined ob-
jectively by minimizing the information loss in categorizing
NLR were estimated to be 1 and 2, respectively. Among a total
of 828 patients, 53 (6.4%), 424 (51.2%), and 351 (42.4%) pa-
tients were assigned into three risk groups as follow: the low
risk group if NLR < 1, the intermediate risk group if 1 < NLR
<2, and the high risk group if NLR > 2. As shown in Table 4,
the categorized NLR was also a significant independent prog-
nostic factor. Compared with the low risk group, the adjusted
OR of the intermediate risk group and the high risk group
were estimated to be 6.40 (95% CI, 2.07-29.50; p = 0.005)
and 11.83 (95% CI, 3.81-54.51; p < 0.001), respectively.

RELATION OF SUBGROUPS (BY NLR LEVEL OR T2DM
STATUS) WITH CLINICAL VARIABLES
Patients were classified into four subgroups by NLR risk groups

Table 4. Effect of NLR risk groups on the significant coronary artery disease

95% CI
Number of patients (n = 828) OR* p-value
Lower Upper
Low (NLR < 1) 53 (6.4%) Reference
Intermediate (1 < NLR < 2) 424 (51.2%) 6.40 2.07 29.50 0.005
High (NLR > 2) 351 (42.4%) 11.83 3.81 54.51 < 0.001

*Qdds ratio (OR) adjusted by covariates including age, gender, smoking status, HDL cholesterol, hemoglobin, type 2 DM based on the logistic regression model
(Model 4). HDL: high density lipoprotein, DM: diabetes mellitus, NLR: neutrophil-to-lymphocyte ratio, CI: confidence interval

Table 5. Relation of subgroups (by NLR level or T2DM status) with clinical variables

Non T2DM (n = 641)

T2DM (n = 187)

Low NLR Mid NLR High NLR Low NLR Mid NLR High NLR p-value
(n = 44) (n = 344) (n =253) (n=9) (n = 80) (n =98)
Significant CAD, n (%) 2(4.5) 68(19.8) 95 (37.5) 1(11.1) 35 (43.8) 50 (51.0) < 0.001
Severity of CAD
1-vessel, n (%) 2 (4.6) 46 (13.4) 54 (21.3) 1(11.1) 24 (30.0) 23 (23.5)
2-vessel, n (%) 0(0) 22 (6.4) 22(8.7) 0(0) 10 (12.5) 17(17.3)
3-vessel, n (%) 0(0) 0(0) 19(7.5) 0(0) 1(1.2) 10 (10.2)
Carotid artery atherosclerosis, n (%) 13 (29.6) 142 (41.3) 130 (51.4) 1(11.1) 30 (37.5) 61 (62.2) < 0.001
Mean WSS, dyne/cmz 258 £ 0.85 2.58 £ 0.88 247 + 0.81 2.68 +0.80 238 +0.73 2.28 £ 0.83 0.001
Plaque number 030 046 040 + 049  0.49 = 0.50 0.11 +0.33  0.35+048  0.61 +0.49 0.006
CCA mean IMT, mm 0.70 + 0.14  0.67 +0.16  0.69 + 0.20 0.67 = 0.11 0.71 £ 0.15 0.73 £ 0.19 0.005
TPA, cm’ 0.09 + 0.21 0.17 + 0.43 0.20 + 0.42 0.01 +0.04 0.13 £0.28 0.40 + 0.70 < 0.001
PCI, n (%) 0(0) 23(6.7) 24(9.5) 0(0) 9(11.2) 20 (20.4) < 0.001
Acute coronary syndrome, n (%) 1(2.3) 26 (7.6) 47 (18.6) 1(11.1) 12 (15.0) 18 (18.4) <0.001

T2DM: type 2 diabetes mellitus, NLR: neutrophil-to-lymphocyte ratio, Mid: intermediate, CAD: coronary artery disease, CCA: common carotid artery, WSS:
wall shear stress, IMT: intima media thickness, TPA: total plaque area, PCI: percutaneous coronary intervention
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(low or high) and T2DM status (non-T2DM or T2DM). The
relations of theses subgroups with several clinical variables are
presented in Table 5. T2DM patients belonging to the high
NLR risk group (NLR > 2) had the greatest prevalence of sig-
nificant CAD and carotid artery atherosclerosis; they also showed
the largest TPA (non-T2DM with low NLR; 0.09 + 0.21 vs.
non-T2DM with high NLR; 0.20 + 0.42 vs. T2DM with low
NLR; 0.01 = 0.04 vs. T2DM with high NLR; 0.40 = 0.70
cm’, p < 0.001) and the lowest mean WSS (non-T2DM with
low NLR; 2.58 + 0.85 vs. non-T2DM with high NLR; 2.47 =
0.81 vs. T2DM with low NLR; 2.68 = 0.80 vs. T2DM with
high NLR; 2.28 = 0.83 dyne/cm’, p < 0.001); they most fre-
quently had three-vessel disease and underwent percutaneous
coronary intervention and ACS.

DISCUSSION

In the present study, we found that both NLR and T2DM
were independent prognostic factors significantly associated
with significant CAD and that NLR and T2DM added signifi-
cant incremental value compared with that furnished by con-
ventional cardiovascular risk factors including age, gender,
smoking status, HDL cholesterol, hemoglobin. Also, T2DM
patients with high NLR had the greatest prevalence of signifi-
cant CAD and carotid artery atherosclerosis. Our results suggest
an additive impact possibly contributed by T2DM together
with high inflammatory state on the development of systemic
atherosclerosis.

Previous studies have shown that inflammation plays an im-
portant role in the initiation and progression of various chron-
ic diseases'” including CVD.” T2DM is frequently associated
with inflammatory status'” and there was a positive associa-
tion between low-grade inflammation and diabetes even in a
population-based sample without any evidence of CVD. Insu-
lin resistance is increasingly acknowledged as an independent
risk factor for CVD,” and several studies suggested the rela-
tionship between systemic inflammation and insulin resistance,
which may play a decisive role in the pathogenesis of T2DM."**”
Among various inflammatory markers, white blood cell count
and its subtypes are associated with increased cardiovascular
risk factors.” Recently, NLR has emerged as an important in-
flammatory marker, and a high NLR is reported to be associat-
ed with a wide spectrum of CVD, including non-dipping blood
pressure patterns,21) CAD,” atrial ﬁbrillation,é) chronic kidney
disease including predialysis and dialysis patients™ and ACS.””
Previously, we showed that NLR > 2.6 was useful in predict-
ing the long-term adverse events in patients who have under-
gone percutaneous coronary intervention with a drug-eluting
stent.”” Although there is limited data on the association be-
tween NLR and T2DM, a high NLR value was reported to be
a reliable predictive marker of insulin resistance.” Recent study
showed that NLR is increased among diabetic patients and is
independently associated with the prevalence and severity of
CAD in the same population.”” Similarly, our results showed

that T2DM patients had higher NLR values and high NLR
values were associated with the higher prevalence of significant
and/or severe CAD and carotid artery atherosclerosis in pa-
tients with T2DM, which suggest a synergistic link between
T2DM and inflammation. Moreover, the combined presence
of T2DM with a high NLR was the strongest predictor of CAD,
implicating a possible synergistic impact of T2DM and inflam-
mation on coronary atherosclerosis. In this study, because we in-
cluded the patients with ACS which might increase the white
blood cell counts and NLR, we performed sensitivity analysis
separately for the patients without ACS (n = 733) as the uni-
variate/multivariate analysis. From the results for the patients
without ACS were consistent with those for the total popula-
tion, we may confirm that the relationship NLR and the pres-
ence of significant CAD can apply to the patients without ACS.

The other unique finding of our study was the association
between T2DM, NLR and various variables of carotid artery
atherosclerosis. Typically, carotid IMT is considered to be an
early index of atherosclerosis. It has been related to cardiovas-
cular risk factors as well as the severity of coronary atheroscle-
rosis, and it can be used to predict cardiovascular events.”””
Recently, carotid plaques, which reflect a more advanced stage
of atherosclerosis, have been shown to be more closely related
to CAD and to predict coronary events with more accuracy
than IMT.*” Additionally, carotid WSS is an important deter-
minant of endothelial cell function, and there is increasing evi-
dence that low WSS induces expression of an atherogenic en-
dothelial gene profile.”” In our study, we observed that T2DM
patients with a high NLR had the highest carotid IMT and
TPA and the lowest mean WSS when compared to other groups.
This suggests that NLR might play a role in the severity of ca-
rotid atherosclerosis.

Traditionally, hs-CRP is measured because it is a well-known
and well-established inflammatory marker. However, NLR
can easily be calculated using routine clinical tests, so it is more
cost-effective than measuring an additional inflammatory mark-
er. Moreover, low lymphocyte counts may reflect poor general
health and physiologic stress via redistribution of lymphocytes
to lymphatic organs and lymphocyte apoptosis.”” Thus, the
NLR can give us information not only about systemic inflam-
mation via high neutrophil counts, but also about patient stress
responses via low lymphocyte counts. Moreover, because neu-
trophils are activated in ACS and have been shown to infiltrate
atherosclerotic lesions, they play a key role in destabilizing of
atherosclerotic plaques.‘)’l) In our study, NLR, but not hs-CRP,
was a predictive risk marker for the significant CAD and sig-
nificant carotid atherosclerosis. We cannot account for the pre-
cise mechanism, but considering the characteristics of our study
group comprised with relatively young patients and stable an-
gina,”””” our findings might support the role of NLR as a sim-
ple, inexpensive and readily available marker and index of ath-
erosclerosis.

This study had several limitations. First, this was an observa-
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tional and single-institution study. Second, assessment of CAD
was limited to visual interpretation of only major coronary ar-
terial lesions. Third, the cut-off values of NLR found in this
study were objectively determined based on our study popula-
tion that may be heterogeneous compared to one in the previous
studies. The possibility of the existence of universal time-invari-
ant cut-off values, regardless of diverse patient ethnic back-
grounds, study designs, statistical methods, and so on, certainly
need validation by multi-center and multi-county indepen-
dent studies in the future. Fourth, adequate control of blood glu-
cose levels is an important factor in the coronary outcomes of
diabetic patients; however, our data were not classified by
hemoglobin Alc or fasting blood glucose because of missing
data. Finally, with no follow-up data, we were limited in our
ability to predict long-term outcomes. Therefore, a larger, pro-
spective, randomized study is required to confirm our findings.

In conclusion, NLR is increased in patients with significant
CAD, and a high NLR or the presence of T2DM is an indepen-
dent, synergistic, predictive risk factor associated with the prev-
alence and severity of CAD. Our study implies that patients
with T2DM together with high inflammatory state would be
more vulnerable to significant coronary or carotid atheroscle-
rosis, which might lead to a poor cardiovascular outcome. Fur-
ther studies are now needed to confirm the present results and
to evaluate underlying pathophysiological mechanisms.
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