
Can Neutrophil-to-Lymphocyte Ratio Serve as an 
Inflammatory Marker in Obesity?
Nötrofil Lenfosit Oranı Obezitede İnflamatuar Bir Belirteç Olarak Kullanılabilir mi?

Objective: Obesity is a disease that is known to stimulate low-grade in-
flammation. N/L ratio has been started to be used as an indicator of sys-
temic inflammation. This study aims to examine the relationship between 
obesity and N/L ratio over anthropometric measurements, obesity grade, 
and some biochemical parameters.

Methods: A total of 96 obese patients (mild-moderate and severe) who were 
being monitored in an obesity outpatient clinic, who had no concomitant 
disease and no history of smoking and drug use and 20 patients of normal 
weight with the same characteristics, as the control group, were included 
in the study. Anthropometric measurements were recorded, and BMI was 
calculated. Biochemical tests and total blood counts were performed. N/L 
ratio was obtained by dividing the neutrophil count by lymphocyte count. 
The results were evaluated using the SPSS statistical analysis program.

Results: A significant increase was present in the neutrophil and lymphocyte 
counts of the morbid obese group compared to the control groups. Due to 
the increased neutrophil and lymphocyte counts, even though the L/N ratio 
increased, it was not statistically significant. The increase in total leukocyte 
count of morbid obese cases was statistically significant compared to mild 
obese cases. While N/L ratio demonstrated a strongly positive correlation 
with total leukocyte count and neutrophil count, it demonstrated a weakly 
positive correlation with waist circumference and with hip circumference.

Conclusion: N/L ratio increases by obesity grade and reveals that the con-
comitant inflammatory response increases. A high count of circulating 
neutrophils in obese patients might be considered an acute inflammatory 
response to a chronic inflammatory state. Therefore, N/L ratio might be 
used as an inflammatory marker in obese patients and might be helpful 
in the prediction of cardiovascular and metabolic risks for the patient.
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Amaç: Obezite düşük dereceli inflamasyonu uyaran bir hastalık olarak bi-
linmektedir. Nötrofil lenfosit (N/L) oranı da sistemik inflamasyon belirteci 
olarak kullanılmaya başlanmıştır. Bu çalışmada; N/L oranı obezite ilişkisi-
nin antropometrik ölçümler, obezite derecesi ve biyokimyasal parametre-
ler üzerinden araştırılması amaçlanmıştır.

Yöntemler: Obezite polikliniğinde izlenen, ek hastalığı, sigara ve ilaç kul-
lanımı olmayan 96 obez hasta (hafif-orta ve ağır) ve aynı özelliklerde 20 
sağlıklı normal kilolu hasta çalışmaya dahil edildi. Antropometrik ölçüm-
ler yapıldı ve VKİ hesaplandı. Biyokimyasal testler ve hemogram bakılarak 
N/L oranı nötrofil oranının lenfosit oranına bölünmesiyle hesaplandı. So-
nuçlar SPSS istatistiksel analiz programıyla değerlendirildi.

Bulgular: Kontrol grubuyla karşılaştırılınca morbid obez grupta hem nöt-
rofil, hem lenfosit oranında anlamlı artış mevcuttu. Ancak her iki grup da 
arttığından N/L oranı artmasına rağmen, sonuç istatistiksel olarak anlamlı 
değildi. Morbid obezlerdeki total lökosit artış oranı hafif obezlere göre is-
tatistiksel olarak anlamlı şekilde yüksekti. N/L oranı total lökosit ve nötrofil 
sayımı ile güçlü pozitif korelasyon gösterirken, bel ve kalça çevresiyle zayıf 
korelasyon göstermekteydi.

Sonuç: N/L oranı obezite oranıyla artar ve eşlik eden inflamatuar yanıtın 
da arttığına işaret eder. Obez hastalarda görülen yüksek nötrofil oranı kro-
nik inflamatuar durum üzerine eklenmiş akut inflamatuar cevap olarak 
kabul edilebilir. Bu nedenle; N/L oranı obez hastalarda inflamatuar bir 
belirteç olarak kullanılabilir ve hastanın kardiyovasküler ve metabolik ris-
kini belirlemede yardımcı olabilir.

Anahtar Kelimeler: Obezite, nötrofil lenfosit oranı, inflamasyon

Introduction

Obesity and obesity-associated diseases increase gradually worldwide, primarily in developed 
countries. As this situation is similar in our country, according to the latest data, the obesity rate 
has reached 30.3%, and the morbid obesity rate has reached 2.9% in our country (1).

Obesity is a condition, constantly stimulating low-grade inflammation. In recent years, it has been 
revealed that adipose tissue is an important source of cytokines containing pro-inflammatory 
mediators. TNF-alpha, IL-6, IL-1, IL-8, and adipokines (leptin, resistin, and visfatin) are some of 
these cytokines. Cytokines, especially IL-6, are mediators, stimulating CRP formation (2-5). Intense 
macrophage stimulation has been demonstrated in fat tissue of severely obese patients (6). Mac-
rophage activation and accumulation in adipose tissue play a significant role in the development 
of insulin resistance, impaired glucose intolerance, and diabetes (7, 8).

In studies performed in recent years, it has been revealed that a constant state of inflammation 
also plays an important role in the development of cardiovascular disease (9). The state of inflam-
mation occurring in obesity plays a role in the etiopathogenesis of many developing diseases 
(diabetes, atherosclerosis). Immune dysfunction (cellular failure) caused by an inflammatory state 
plays a role in the development of diseases, such as cancer and scar infection.

We may use a wide variety of markers to demonstrate systemic inflammation. Recently, N/L ratio 
has been started to be used as a marker, since it is both easily accessible and cheap and since it 
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is also an indicator of the prognosis and systemic inflammation in 
various patient groups (10-15). N/L ratio has been demonstrated 
as a mortality determinant in cardiovascular studies and has been 
correlated to other inflammatory markers in patients with chronic 
renal failure (10-15).

This study has been designed to examine the relationship be-
tween obesity and N/L ratio, which has an increasing prevalence 
day by day and which is demonstrated to be closely related to 

many systemic diseases and chronic inflammation, over anthro-
pometric measurements, obesity grade, and some biochemical 
parameters.

Methods

51 (44 females, 7 males) mild-moderate obese (Body mass index: 
BMI 30-40) and 45 (40 males, 5 females) severely obese patients 
(BMI≥ 40) who were being monitored in an obesity outpatient clin-
ic and had no concomitant disease or history of smoking and drug 
use and 20 (17 females, 3 males) patients of normal weight, as 
the control group, with the same characteristics from an internal 
medicine outpatient clinic were included in the study. At baseline, 
anthropometric measurements (age, height, weight, and waist and 
hip ratio) were recorded, and body mass index (BMI) was calcu-
lated by dividing body weight by the square of the height. Blood 
samples were collected at rest in the morning and after 12 hours 
of fasting from the antecubital vein, and bio-chemical tests were 
performed. Total blood counts were performed by using the vol-
ume conductivity scatter method with a Coulter LH 780 (Beckman 
Coulter Inc., Miami, Fl, USA). N/L ratio was obtained by dividing 
neutrophil count by lymphocyte count.

Statistical Analysis
The parameters that were used for bio-statistical analysis of the 
study data included the mean, standard deviation, frequency, and 
percentage. For the comparison of frequency and percentage be-
tween the groups, the chi-square test was used. For the compari-
son of more than two group means, one-way ANOVA was used. For 
significant differences by ANOVA, the subgroup differences were 
analyzed using post hoc Tukey’s HSD tests for the pairwise com-
parisons. When required (depending on the homogeneity test), 
non-parametric Kruskal-Wallis one-way variance analysis and post 
hoc Mann-Whitney U-test were used as appropriate. Pearson cor-
relation analyses (r) were used to determine the mathematical 
correlations between the variables. The significance was set at p 
≤0.05. The SPSS (version 11.5) software package was used for the 
statistical analyses. Microsoft Excel (2007 version) was used for the 
regression analysis.

Results

The clinical and laboratory characteristics of the study population 
are shown in Table 1.

In the study, a significant increase was present in neutrophil 
count of the morbid obese group compared to the obese and 
control groups (p<0.0001). Lymphocyte count was also signifi-
cantly high in the morbid obese group compared to the con-
trol group (p=0.015). Due to the increased neutrophil and lym-
phocyte counts, even though the N/L ratio increased, it was not 
statistically significant. The increase in total leukocyte count of 
morbid obese cases was statistically significant compared to mild 
obese cases (p<0.0001).

While the N/L ratio demonstrated a strongly positive correlation 
with total leukocyte count and neutrophil count (p<0.0001), it 
demonstrated a weakly positive correlation with waist circumfer-
ence (p=0.032) and with hip circumference (p=0.015). Similarly, 
it demonstrated a weakly negative correlation with age and HDL 
cholesterol level (Table 2, Figure 1).

Table 1. Clinical and laboratory characteristics of the study 
population

 Healthy Fat, Morbid 
 subjects obese patients obese patients p- 
 (n=20) (n=51) (n=45) value

Gender (F/M) 17/3 44/7 40/5 =0.8*

Age (year) 40.5±13.5 40.4±11 42.3±11.9 =0.721**

BMI (kg/m2)  35 (32-38) 43 (41-46) <0.0001

Ratio  1.63 1.6 1.95 
 (1.18-2.20) a,b  (1.5-1.91)c  (1.56-2.42) =0.013***

Neutrophil 3.14 3.97 4.9 
 (2.93-4.10)d,e  (3.07-4.53)f  (3.8-6.6) <0.0001***

Lymphocytes 2.16±0.76g 2.35±0.50 2.63±0.68 =0.015**δ

Leukocyte 7.01±1.01 7.09±1.55 8.73±2.37 <0.0001

Glucose  94±14 107±26 =0.006

LDL  114±34 112±24 =0.791

HDL  51±8 50±8 =0.614

Triglycerides  113 (83-166) 134 (98-199) =0.140

Insulin  16.98±7.42 23.39±16.19 =0.152

Waist circumference 112±8.8 126.5±14,3 <0.0001

Hip circumference 122±9 133.5±11 <0.0001

Non-parametric tests were shown as median (25th-75th); parametric tests were shown 
as mean±SD. 
*p value was calculated using chi-square test. 
** p value was calculated using one-way ANOVA. δ Post hoc Tukey HSD test was used. 
*** p value was calculated using Kruskal-Wallis test. 
ap=0.74 versus obese 
bp=0.059 versus morbid obese 
cp=0.005 versus morbid obese 
dp=0.147 versus obese 
ep=0.0001 versus morbid obese 
fp<0.0001 versus morbid obese 
gp=0.019 versus morbid obese

Table 2. Correlations of variables studied

Variable pairs Correlation coefficient P

Ratio-neutrophil 0.66 <0.0001

Ratio-lymphocyte -0.3 <0.001

Ratio-leukocyte 0.49 <0.0001

Ratio-waist circumference 0.33 =0.032

Ratio-hip circumference 0.37 =0.015

Ratio-HDL -0.34 =0.032

Ratio-age -0.21 =0.025
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Discussion

Leukocytes play a role in the formation and progression of obe-
sity and many obesity-associated diseases. They also play roles in 
the formation and development of micro- and macro-vascular 
complications of type 2 diabetes (16). In the meantime, they are 
associated with atherosclerotic diseases and are considered a risk 
factor for cardiovascular diseases (9, 17, 18). Leukocytes contribute 
to endothelial damage due to their adhesiveness on the blood ves-
sel wall, which varies under stress. These characteristics have led to 
research on diseases or conditions stimulating increased leukocyte 
count.

Obesity is a condition stimulating reactive leukocytosis. In severely 
obese individuals, macrophage accumulation in fatty tissue and 
cortisol and insulin levels increase in parallel to increased fat 
tissue, and leukocytosis increases via leptin secretion from adi-
pocytes (19). Leukocytes are a part of inflammation, and active 
leukocytes lead to changes in blood viscosity, acceleration of ath-
erosclerosis, endothelial dysfunction, stimulation of plaque rup-
ture, and thrombus formation by causing the secretion of abnor-
mal cytokines (20, 21). Leukocytosis in obesity plays a role in the 
development of glucose intolerance, type 2 diabetes, and cardio-
vascular disease. Increased levels of insulin have been detected in 
our study, as well-mostly in severely obese individuals. This level 
has correlated positively with leukocyte count. This demonstrates 
the tendency toward metabolic syndrome of the patients.

Neutrophils are a part of the immune system and demonstrate 
phagocytic and anti-microbial activity by the proteins contained 
in their granules. When neutrophils of obese individuals are com-
pared to normal individuals, it has been demonstrated that glu-
cose oxidation (22) and bactericidal capacity decreased (23, 24) 
and chemotactic ability is weakened, and these characteristics 
are correlated with BMI. It has been observed that the maturation 

ability of monocytes in obese patients decreased and that oxida-
tive burst increased.

Lymphocytes have also been accepted as the single prognostic 
factor in several diseases. In a study performed by Omen SR et 
al., it has been demonstrated that peripheral lymphocyte counts 
were inversely proportional with atherosclerosis in type 2 diabetes 
patients and that 5-year survival in coronary artery disease was 
better in patients with high lymphocyte counts compared to pa-
tients with low lymphocyte counts (25). The cause of decreased 
lymphocyte count in cardiovascular disease is not exactly under-
stood. Again, lymphocyte count has been stated to be an inversely 
prognostic factor in patients with cardiac failure (26). On the other 
hand, in obese individuals, as detected in our study, as well, in-
creased lymphocyte count has been demonstrated, contrary to 
this situation. More comprehensive studies with lymphocyte sub-
groups, their counts, and their roles are required for clarifying the 
reasons of this situation.

Obesity is a condition that increases leukocyte count. In early-
phase studies, it has been demonstrated that neutrophil count did 
not change, and nevertheless, adhesion molecules on the neutro-
phil surface changed in severely obese patients (27, 28). In other 
studies, it has been observed that neutrophils were not activated, 
and circulating neutrophil count increased in severely obese pa-
tients (29, 30). In severely obese patients, it has been reported that 
leptin and TNF-alpha were possible mechanisms in neutrophil 
activation (31) and that leptin stimulated myeloid differentiation 
of progenitor cells in bone marrow (32). In our study, no change 
was observed in total leukocyte count of mild obese individuals. 
This situation may be attributed to the limited number of patients 
and to the leukocyte sub-groups not studied. We think that since 
the leukocyte ratio increased in direct proportion to adipose tis-
sue, the higher ratio of mild overweight patients in the group also 
might have limited the increase in leukocyte count. In this study, 

Figure 1. Scatterplot figures for positive and negative correlations of N/L ratio.
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while an increase in neutrophil count was demonstrated in all 
obese groups, there was a more marked and statistically significant 
increase in neutrophil count of severely obese patients. Similarly, 
lymphocyte counts also increased as BMI increased. This situation 
paralleled the neutrophil count; this ratio increased in severely 
obese patients, and the neutrophil-lymphocyte ratio was also 
higher in severely obese patients. This situation supports the opin-
ion that as obesity level increases, inflammation also increases.

Fatty tissue leukocyte counts change by age and total fat tissue. 
While BMI and total fat tissue increase, leukocyte, neutrophil, and 
lymphocyte counts increase; they are inversely proportional to age 
(30). Similarly, in our study, N/L ratio and age were detected to be 
negatively correlated.

It has been accepted that anthropometric measurements are close-
ly associated with inflammatory state, and BMI and waist circum-
ference are potent indicators of inflammation (33). These param-
eters are also a part of the metabolic syndrome. In several studies, 
it has been demonstrated that waist circumference and BMI were 
closely associated with inflammation, especially with leukocyte 
count. This association has been found to be more potent in wom-
en (33). Again, in a study conducted in obese adolescent women, 
it has been demonstrated that leukocyte count positively corre-
lated with body mass index and total fat tissue. Similarly, in our 
findings, it has been demonstrated that absolute neutrophil and 
absolute lymphocyte counts correlated positively with body mass 
index. This increase was observed to be more apparent, especially 
in morbid obese individuals. Waist-hip ratio might be accepted as 
a new indicator of inflammation in visceral obesity (33).

Significant weight loss in obese individuals ensures that leukocyto-
sis and acute phase reactants return to normal gradually. In obese 
individuals who have been followed for 2 years after bariatric sur-
gery and who have lost a significant amount of weight by surgery 
(29.3±16.2 kg), significant decreases up - 12.2% in leukocytes and 
significant decreases in neutrophil (11.7%) and lymphocyte (6.9%) 
ratios have been observed (30). Similarly, inflammatory markers 
have regressed in the long term at post-surgery weight loss (34, 
35). A decrease in oxidative stress markers has been also demon-
strated within 3 weeks at patients losing weight by a strict diet and 
exercise program (36). While Cottam et al. (27) did not observe a 
significant change in neutrophil and total monocyte counts of pa-
tients who lost weight by surgery at their follow-ups up to Month 
12, they observed decreases in CD14+/CD16+ monocyte counts 
and in monocyte CD62L ratio, which have inflammatory roles.

Limitation of the study: Lack of measurement of other inflamma-
tory markers is our limitation of the study.

Conclusion

N/L ratio increases by obesity grade and, therefore, by increased 
fat tissue and reveals that the concomitant inflammatory re-
sponse increases. A high count of circulating neutrophils in obese 
patients might be considered an acute inflammatory response to 
a chronic inflammatory state. Therefore, N/L ratio might be used 
as an inflammatory marker in obese patients and might be help-
ful in the prediction of cardiovascular and metabolic risks for the 
patient, and the contribution of the treatment in the prevention 
of obesity-associated diseases might be monitored with a simple 

method by the follow-up of the ratio along with treatments for 
weight loss.
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