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ABSTRACT

Objective: Obesity causes subclinical inflammation. Leukocyte count and high-sensitivity C-reactive protein (hs-CRP) are used to indicate
inflammation in clinical practice. Also, inflammatory markers are evaluated as important indicators of cardiovascular risk in patients with obe-
sity and metabolic syndrome (MetS). We aimed to investigate the usage of the neutrophil-lymphocyte ratio (NLR) as an inflammatory marker in
obese patients with and without MetS.

Methods: The study included a total of 1267 patients. The patients were assigned groups according to degree of obesity and status of MetS.
Metabolic and inflammatory markers were compared between groups, and correlation analysis was performed.

Results: Leukocyte count and hs-CRP were significantly different (p<0.001), but NLR was not different between body mass index (BMI) groups
(p=0.168). Both lymphocyte and neutrophil counts were significantly increased with increased degree of obesity (p<0.001, p=0.028, respec-
tively). Leukocyte, neutrophil, and lymphocyte counts and hs-CRP level showed a significant correlation with BMI (r=0.198, p<0.001; r=0.163,
p<0.001; r=0.167, p<0.001; r=0.445, p<0.001, respectively), whereas NLR was not correlated with BMI (r=0.017, p=0.737). Only a significant asso-
ciation between a MetS severity of 5 and 4 with hs-CRP level was observed (p=0.028), whereas there was no statistically significant association
for leukocyte count and NLR (p=0.246; p=0.643, respectively).

Conclusion: NLR was not a good indicator of inflammation, while leukocyte and hs-CRP were more useful biomarkers to indicate inflammation

in non-diabetic patients with obesity and MetS. (Anatol J Cardiol 2015; 15: 816-22)
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Introduction

Obesity has been a growing problem in the world, and it is
becoming a pandemic. Metabolic syndrome (MetS) is a meta-
bolic disorder that is related with the increased prevalence of
obesity, overeating, sedentary lifestyle, and excess adiposity (1).
MetS includes risk factors, such as abdominal obesity, insulin
resistance, dyslipidemia, and hypertension (HT), and is associ-
ated with other comorbidities, including the prothrombotic state,
proinflammatory state, nonalcoholic fatty liver disease, and
reproductive disorders (2). Although the exact etiology and
related contribution of obesity-associated systemic inflamma-
tion are not fully understood, it has been suggested that the
direct activation of immune cells in circulation may be involved,
as well as inflammatory processes involving immune cells
within specific tissues, including the liver, pancreas, muscle,
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and adipose tissue. Especially, adipose tissue has been offered
as both an initiator and the main contributor to systemic inflam-
mation (3, 4). Adipose tissue inflammation causes major events
of immune responses, such as the early participation of neutro-
phils, the following procurement of diverse lymphocyte types,
and final procurement of both macrophage and mast cell polar-
ization (5, 6). Some studies have suggested dynamic transitions
from the classical pro-inflammatory cascades to the resolution
of inflammation and tissue remodeling processes with adipose
inflammation in obesity (7, 8).

Several studies have shown total white blood cell (WBC)
counts as an independent risk marker for diabetes cases, dete-
riorated insulin sensitivity, MetS, or coronary artery disease
(CAD) (9-11). Also, the range of WBC counts usually alters
according to diverse obesity-related factors, as well as genetic,
environment, and social factors; height; gender; ethnic back-
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ground; education level; smoking; and fitness level in the popula-
tion. Although obesity was suggested as a cause of leukocyto-
sis, in most studies, the values are well within the normal inter-
val (12, 13). Also, recent studies have demonstrated that elevated
neutrophils and total WBC counts are potentially related to
obesity-induced dysmetabolism, as based on both animal and
human experiments (14-18).

The aim of the present study was to investigate the usage of
neutrophil-lymphocyte ratio (NLR) as an inflammatory marker in
obese patients with and without MetS in addition to other bio-
chemical clinical parameters related to inflammation risk factors.

Methods

Patient enroliment and data collection

The study was designed as cross-sectional and was carried
out in a tertiary hospital (Diizce University Hospital) within a
1-year period (January 2012-December 2013). The patients who
were consecutively admitted to the out-patient clinic of the fam-
ily medicine department were enrolled. The following conditions
were excluded: diabetes mellitus, cardiac disease, renal dis-
ease, pulmonary disease, pregnancy, and suspected infectious
disease. The socio-demographic features (gender, age, and
smoking status), anthropometric measurements (height, weight,
waist circumference, hip circumference), and blood pressure
measurement were noted. Body mass index (BMI) was com-
puted by dividing weight (kg) by height (m?) squared. Blood pres-
sure recordings were performed with a sphygmomanometer
(Erka, Erlangen, Germany) after 10 min of rest in the seated
position, and the right arm was used. The mean of three mea-
surements of each patient was recorded. Weight was measured
without shoes in light indoor clothes using a bio-impedance
meter (Omron BF 510; Omron Corp. Kyoto, Japan). Height was
also measured in the standing position and without shoes. Waist
circumference (WC) was measured with a tape, with the subject
standing and wearing only underwear, at the level midway
between the lower rib margin and the iliac crest. Informed con-
sent was obtained from all patients, and the study was approved
by Ethic Committee of our institute.

Biochemical analysis

A total of 10 mL of blood sample was drawn from the antecu-
bital vein of each subject by applying minimal tourniquet pres-
sure; this was done in the early morning (all of the patients were
requested to fast for at least 8 hours). The first 2 mL of blood
samples was drawn into tubes with EDTA (ethylenediaminetet-
raacetic acid) for the complete blood count (CBC), and the CBC
was done on a CELL-DYN 3700 SL analyzer (Abbott Diagnostics,
Chicago, USA). The remaining of 8 mL was drawn into a
Vacutainer tube for measurement of high-sensitivity C-reactive
protein (hs-CRP), fasting lipid profile, fasting insulin, and fasting
blood glucose (FBG). These blood samples were allowed to clot
for 20 min prior to centrifugation. The blood tubes were centri-
fuged for 10 min at 1500 g and were processed within 30 min in
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place. Plasma concentrations of cholesterol, fasting triglycer-
ides (TGs), high-density lipoprotein- cholesterol (HDL-chol), glu-
cose, electrolytes, liver function tests, and other bhiochemical
variables were measured on a Cobas 6000 autoanalyzer using
commercially available kits (Roche Diagnostics GmbH,
Mannheim, Germany). Low-density lipoprotein-cholesterol (LDL-
chol) values were computed according to the Friedewald for-
mula.

Obesity and MetS definition

Individuals whose BMI was =30 and >25.0 kg/m? were
accepted as obese and overweight, according to WHO recom-
mendations (19). MetS was defined as: individuals with MetS
were identified when 3 out of the 5 criteria of the National
Cholesterol Education Program Adult Treatment Panel 11l (NCEP
ATP 1ll) were met, modified for pre-diabetes (fasting glucose
100-125 mg/dL) (20). The severity of MetS was assigned into
three subgroups with increasing severity according to the crite-
ria met: 3 criteria, 4 criteria, and 5 criteria.

Statistical analysis

Statistical Package for Social Sciences software (SPSS 20,
Chicago, IL, USA) was used for the analysis. Descriptive param-
eters were shown as mean + standard deviation or in percent-
ages. Normality of continuous variables was tested with
Kolmogorov-Smirnov test. WBC, neutrophils, lymphocytes, NLR,
hs-CRP BMI, WC, hip circumference, waist-height ratio, and
waist-hip ratio were not normally distributed (p<0.001). Before
analysis, logarithmic transformation was applied for variables
that were normally not distributed. Analysis of variance (ANOVA)
test was used for (Tukey's) comparisons of inflammatory mark-
ers (WBC, NLR, neutrophils, lymphocytes, and hs-CRP) and
anthropometric measurements (WC and BMI) between BMI
groups (lean body, overweight, and obesity) and subgroups of
MetS severity. Student t-test was used between groups of MetS
status. Correlation analysis was performed to determine given
values of variables using Pearson’s correlation analysis.
Statistical significance was set to a p value of less than 0.05.

Results

The study included a total of 1267 subjects (male: 199 and
female: 1068). Of all subjects, 21.7% was a current smoker.
Based on BMI classifications, the majority of the subjects was
in stage | obesity. Among overweight and obese subjects, they
met 37.8% of MetS criteria. The distribution of subgroups of
MetS severity according to the number of criteria met is given
(Table 1). The mean age of all patients was 37.7+10.8 years (18-
59). In Table 2, the mean values of anthropometric measure-
ments (BMI and WC), systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP) records, lipid profiles (TG, HDL-chol),
and fasting blood glucose (FBG) level and insulin resistance are
given according to BMI group. Statistically significant differ-
ences hetween groups were observed for all parameters.
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Table 1. Basic features of subjects
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Number (1267) (%)

Smoking

Current 275 21.7

Former 144 11.4

Non-smoker 848 69.9
Gender

Male 199 15.7

Female 1068 84.3
BMI groups

Lean body 167 13.1

Overweight 279 22.0

Stage 1 Obesity 369 29.1

Stage 2 Obesity 249 19.7

Stage 3 Obesity 303 16.0

MetS (+) 487 37.8
MetS severity

3 criteria 282 57.9

4 criteria 138 28.3

5 criteria 67 13.8
BMI - body mass index; MetS - metabolic syndrome

We compared WBC, lymphocytes, neutrophils, NLR, and hs-
CRP as inflammation markers between BMI groups. The mean
value of WBC of subjects with a lean body was significantly
different from that of the other groups: overweight and obesity
stage 1, stage 2, and stage 3 (p=0.026, <0.001, <0.001, and <0.001,
respectively). The mean value of NLR was lower in subjects with
a lean body than in groups with higher BMI but was not statisti-
cally significant (p=0.168). Mean hs-CRP level was statistically
different between groups and significantly increased with
degree of obesity (p<0.001). Also, both lymphocyte count and
neutrophil count were significantly increased among subjects
with increased obesity degree (p<0.001 and p=0.028, respec-
tively) (Table 3). Leukocyte, neutrophil, and lymphocyte counts
and hs-CRP level showed a significant and positive correlation
with BMI (r=0.198, p<0.001; r=0.163, p<0.001; r=0.167, p<0.001 and
r=0.445, p<0.001), whereas NLR was not correlated with BMI
(r=0.017, p=0.737) (Fig. 1). In Table 4, the correlation analysis
between each one of the MetS criteria and inflammatory mark-
ers, such as leukocytes, NLR, and hs-CRP is stated. None of
them was correlated with NLR (p>0.05). hs-CRP levels showed a
meaningful relationship with each criterion (p<0.001). Leukocyte
count had a significant correlation with all other criteria of
MetS, except FBG (p=0.121). However, did not have a meaningful
correlation with each criterion of MetS (p>0.05).

According to MetS status, pro-inflammatory markers were
compared between MetS (+) and MetS (-). Level of hs-CRP
(5.44+8.02 versus 3.7+5.3 mg/dL), leukocyte count (7.8+1.9 versus
7.2+1.7 x10%/uL), lymphocyte count (2.5+0.7 versus 2.2+0.6 x10¢/
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Figure 1. Correlation of WBC, WBC subtypes, and NLR with BMI
BMI - body mass index; NLR - neutrophil-lymphocyte ratio; WBC - white blood cell
Correlation analysis

Pearson's correlation analysis was used, and p <0.05 was accepted as statistically
significant
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Figure 2. Comparison of hs-CRP. WBC, WBC subtypes, and NLR
according to presence or absence of MetS

hs-CRP - high-sensitivity C-reactive protein; NLR - neutrophil-lymphocyte ratio; WBC - white
blood cell

L), and neutrophil count (4.6+2.7 versus 4.1+1.4 x10%/pL) were
significantly higher among subjects with MetS than in those
without MetS (p<0.001, <0.001, <0.001, and <0.001), but there was
no significant difference for the comparison of NLR (2.0+1.8
versus 1.9+1.1) between MetS (+) and MetS (-) (p=0.519) (Fig. 2).
It was observed that there was only a significant association
between MetS severity 5 and 4 criteria with hs-CRP (p=0.028),
whereas there was no statistically significant association for
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Table 2. Comparison of metabolic profile of subjects according to BMI stage group

Bahadir et al.
Neutrophils/lymphocytes ratio 8 1 9

Metabolic BMI Groups

parameters Lean body Overweight Stage 1 Stage 2 Stage 3

(n=1267) (n=167) (n=279) (n=369) (n=249) (n=203) P
Age, years 34.3+9.9 36.8+10.4 36.8+9.7 38.6+11.6 37.8+10.2 0.043
BMI, kg/mz 22.9+2.6 28.1+1.2 32.3+1.4 37.4£15 44.9+4.2 <0.001
WC, cm 78.3t1.7 90.1+7.9 99.4+6.9 106.8+12.1 119.1£11.2 <0.001
SBP. mm Hg 110.3£19.9 117.7£13.6 123.1£14.4 127.2£16.5 139.3+21.1 <0.001
DBP mm Hg 71.2+6.5 76.7+10.6 80.4+11.6 82.3£12.4 88.6:12.4 <0.001
FBG, mg/dL 90.4+6.4 94.1£10.8 95.5+8.2 98.4+9.1 105.145.6 <0.001
TG, mg/dL 108.6+43.4 133.6+69.1 139.1+88.2 148.2+86.4 152.8+69.7 <0.001
HDL, mg/dL 57.7+11.7 51.2+13.3 49.3+14.9 49.6+14.3 48.3+10.6 <0.001
HOMAIR 1.51+0.69 2.86+2.39 3.42+2.29 3.91+3.01 5.29+4.30 <0.001

The results are shown as mean+SD (standard deviation).

BMI - body mass index; DBP - diastolic blood pressure; FBG - fasting blood glucose; HDL - high-density lipoprotein; HOMO IR - homeostasis model assessment for insulin sensitivity;
SBP - systolic blood pressure; TG - triglycerides; WC - waist circumference
One-way ANOVA analysis (Tukey's) test was used. A Pvalue represented statically significant value between groups according to body mass index classification. p<0.05 was
accepted as statistically significant

Table 3. Comparison of proinflammatory indicators according to BMI stage group

Inflammatory BMI Groups

biomarkers Lean body Overweight Stage 1 Stage 2 Stage 3

(n=1267) (n=167) (n=279) (n=369) (n=249) (n=203) P
WBC, x10%/pL 7.02+0.96 7.25+1.72 7.52+2.08 7.71£1.83 7.97+1.69 <0.001
LogWBC 0.82+0.07 0.85+0.10 0.86+0.11 0.88+0.10 0.89+0.09

NC, x10%/uL 3.73+1.01 4174141 4.41+1.60 4.53+1.52 4.59+1.35 0.028
LogNC 0.54+0.11 0.60+0.15 0.62+0.14 0.64+0.13 0.64+0.13

LC, x10%/uL 2.24+0.42 2.32+0.65 2.33+0.67 2.39+0.65 2.66+0.78 <0.001
LogLC 0.33+0.08 0.350.13 0.35+0.14 0.36+0.12 0.40+0.12

NLR 1.71£0.57 1.91+0.89 2.07£1.10 2.09+1.26 2.08+0.83 0.168
LogNLR 0.21+0.12 0.25+0.16 0.27+0.17 0.25+0.17 0.24+0.17

hs-CRP, mg/dL 1.76+1.67 3.03+1.34 3.99+1.12 4.87+2.61 6.52+2.27 <0.001
LogHs-CRP 0.11+0.45 0.17+0.44 0.39+0.45 0.48+0.41 0.65+0.43

blood cell

The results are shown as mean+SD (standard deviation).
BMI - body mass index; hs-CRP - high-sensitivity C-reactive protein; LC - lymphocyte count; Log - logarithm; NC - neutrophil count; NLR - neutrophil-lymphocyte ratio; WBC - white

One-way ANOVA analysis (Tukey's) test was used. P value represented statically significant value between groups according to body mass index classification. P<0.05 was accepted

as statistically significant

leukocyte count and NLR between clusters of MetS severity
(p=0.246 and p=0.643, respectively) (Table 5).

Discussion

We studied the indicative value of NLR for the inflammatory
state in patients with obesity and MetS, extent to obesity degree
and MetS severity and compared them with hs-CRP and total
WABC. The study indicated that NLR was not a simple and reliable
indicator of inflammation and does not correlate with obesity
degree and severity of MetS but that WBC and hs-CRP are good
biomarkers for inflammation in obesity and MetS.

Several studies demonstrated a strong correlation between
overweight/adiposity and CRP levels. Researchers observed a

significant linear positive relation of CRP levels with BMI, SBP
DBP, FBG, and TG and a decrease with HDL-chol and showed a
significant increase in CRP levels with increase patients with
obesity, MetS, hypertriglyceridemia, hypertension, and diabetes.
Thus, a relationship between CRP value, which is an inflamma-
tion marker, and adipose tissue as the source of pro-inflamma-
tory cytokines is established (21-24).

Obesity and MetS are clinical entities in which chronic sub-
clinical inflammation develops. MetS is a cluster of atherogenic
dyslipidemia, elevated blood pressure, hyperglycemia, and pro-
thrombotic and inflammatory state. It consists of multiple and
interrelated risk factors of metabolic deterioration, promoting
the development of atherosclerosis. In current studies, inflam-
mation was identified as an independent risk factor for CVD and
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Table 4. Correlation of metabolic profile with leukocytes, NLR, and
hs-CRP

WBC NLR hs-CRP

R P R P R P
WC, cm 0.189 | <0.001 | 0.009 | 0.737 | 0.334 | <0.001
HOMAIR 0.235 | <0.001 | 0.002 | 0.938 | 0.264 | <0.001
FBG, mg/dL 0.044 | 0.121 0.004 | 0901 | 0.143 | <0.001
TG, mg/dL 0.154 | <0.001 | 0.018 | 0.164 | 0.175 | <0.001
HDL, mg/dL | -0.157 | <0.001 | -0.017 | 0.552 | -0.137 | <0.001
SBP. mm Hg 0.067 | 0.020 | 0.031 0.279 | 0.162 | <0.001
DBP mmHg | 0.066 | 0.021 0.032 | 0.266 | 0.131 | <0.001
DBP - diastolic blood pressure; FBG - fasting blood glucose; HDL - high-density
lipoprotein; HOMO IR - homeostasis model assessment for insulin sensitivity; hs-CRP -
high-sensitivity C-reactive protein; NLR - neutrophil-lymphocyte ratio; SBP - systolic
blood pressure; TG - triglycerides; WBC - white blood cell; WC - waist circumference
Pearson's correlation analysis was used, and P<0.05 was accepted as statistically
significant

Table 5. Comparison of total WBC, WBC subtypes, NLR, and hs-CRP
according to MetS severity

MetS severity subgroups
Inflammatory biomarkers | 3 criteria | 4 criteria| 5 criteria P
WBC, x10%/uL 7.8+2.1 | 7.8+1.9 | 8.1x1.8 | 0.246
Log WBC 0.88+0.10 | 0.88+0.11| 0.89+0.09
hs-CRP, mg/dL 45+43 | 54475 |9.1+16.12
Log hs-CRP 0.47+0.42 | 0.51+0.44| 0.66+0.46 | 0.034*
NC, x10%/uL 47435 | 45+14 | 45+£13 | 0.633
LogNC 0.62+0.16 | 0.64+0.13| 0.64+0.12
LC, x103/uL 25+0.7 | 25+08 | 2.6+0.7 | 0.231
Log LC 0.37+0.12 | 0.38+0.13| 0.40+0.11
NLR 1.7+08 | 1.8+09 | 1.9+06 | 0.643
Log NLR 0.26+0.17 | 0.23+0.15| 0.21+0.14

The results are shown as mean+SD (standard deviation).

*Hs-CRP was significantly different between of 4 and 5 MetS criteria subgroups
(P=0.028) but not between 3 and 4 and 5 and 4 criteria (P=0.856 and P=0.151,
respectively).

Hs-CRP - high-sensitivity C-reactive protein; LC - lymphocyte count; Log - logarithm;
MetS - metabolic syndrome; NC - neutrophil count; NLR - neutrophil-lymphocyte ratio;
WBC - white blood cell

One-way ANOVA (Turkey's) was used, and P<0.05 was accepted as statistically
significant

strongly correlated with atherosclerosis (25, 26). Existing sub-
clinical inflammation is progressively responsible for the devel-
opment of diabetes mellitus and atherosclerotic disorders and is
due to endothelial dysfunction. Endothelial dysfunction develops
under proinflammatory cytokines, such as IL-6 and TNF-alpha,
which are produced and secreted in substantial adipose tissue.
Particularly, visceral adiposity is essential adipose tissue that
produces these cytokines (27, 28).

Previous studies have shown that obesity degree and
severity of MetS are associated with the inflammatory state
and eventually with atherosclerotic progression. The preven-
tion of this progression has prognostic, as well as diagnostic,
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importance (29, 30). In clinical practice, hs-CRP and leuko-
cyte count are widely used to evaluate the degree of sub-
clinical inflammation in patients with CAD and MetS. Also, in
the Turkish population, MetS patients have significantly ele-
vated neutrophil counts, along with a decrease in lymphocyte
counts, when compared with age- and gender-matched non-
MetS controls (31). Therefore, MetS patients had a higher
NLR compared to the control group. Thus, they reported a
significant correlation between the increases in the number
of MetS criteria and increase in NLR. Furthermore, the levels
of serum glucose and hs-CRP were increased when 1.84 was
chosen as the cut-off value for the NLR in these Turkish MetS
patients.

MetS is an inflammatory state and associated with an ele-
vated leukocyte count. Tsai et al. (32) found that with more cri-
teria of MetS present, the higher the total leukocytes and sub-
types are. In the current study, the counts of total leukocytes and
subtypes were increased with severity of MetS, but NLR was not
increased with its severity. Similar to our findings, Shim et al.
(33) also showed that more components of MetS were associ-
ated with higher total leukocyte counts and differential leuko-
cyte counts, and they were higher in patients with MetS fea-
tures than in those without MetS features. Lohsoonthorn et al.
(34) found that WBC count is positively associated with MetS.
Kelishadi et al. (35) studied the association of cell blood counts
(CBCs) and cardiometabolic risk factors among young obese
children and found a significant association between CBC com-
ponents and obesity. Dsai et al. (36) reported that leukocyte
count was associated with obesity, and it was highly dependent
on the presence of MetS. In our study, we found a significant
association between total leukocyte count with subtypes and
obesity degree. However, we found no significant association
between obesity degree and NLR. In the previous studies, both
neutrophil and lymphocyte counts were increased, but these
increases were in favor of neutrophils (37, 38). In the present
study, neutrophils and lymphocytes were increased with obesity
degree and severity of MetS by a similar quantity. Even NLR was
increased with obesity degree and MetS severity, but these
increases were not significant.

Study limitations

Our study had some weaknesses. In the study, the predictive
value of NLR was evaluated, along with hs-CRP. As a weakness,
our study did not differentiate female post-menopausal from
pre-menopausal period cases. Smoking also has an inflamma-
tory effect, and its effect was not evaluated in the study. The
study was cross-sectional. It would be good to investigate the
effect of weight loss on the inflammatory state.

Conclusion

In conclusion, the study indicated that subclinical and
chronic inflammation develops in obese patients with and with-
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out MetS. NLR was not a good biomarker to show inflammation
in non-diabetic patients with obesity and MetS. Leukocyte and
hs-CRP were more useful biomarkers to indicate inflammation in
the obesity with degree and MetS severity.
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