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	 Abstract
	 Background. Insulin resistance (IR) is a component 
of type 2 diabetes and metabolic syndrome and it increases 
in the presence of chronic inflammation. Lately, “neutrophil-
to-lymphocyte ratio” (NLR) has been used as an indicator of 
inflammation. This study evaluates the association between 
IR and NLR in obese women.
	 Material and methods. Obese female patients who 
were followed up in a university hospital for the last two years 
were included in the study. Homeostasis model assessment 
of IR (HOMA-IR), C-peptide, NLR, bioelectrical impedance 
measurements of 83 patients were analyzed.
	 Results. The C-peptide levels of our patients 
showed a highly significant correlation with HOMA-IR 
(p<0.001). A significant positive correlation was found 
between fasting plasma C-peptide levels and NLR (r=0.36 
and p<0.003) in obese women. The increase in C-peptide 
levels had a significant effect on the increase in NLR 
(r2=0.31, p=0.002), however insulin had no similar effect on 
NLR (r2=0.01, p=0.544).
	 Conclusion. Plasma C-peptide levels are better 
correlated with NLR compared to other parameters of IR. 
C-peptide may be used as an efficient laboratory marker with 
high relevance in IR and chronic inflammatory conditions in 
obese women.

	 Keywords: inflammatory marker, neutrophil-to-
lymphocyte ratio “NLR”, C-peptide, insulin resistance, 
obesity.

INTRODUCTION

	 Obesity has been defined as abnormal fat 
accumulation that impairs health in the body and has 
been recognized as a disease by the “American Medical 
Association” (1). Obesity is estimated to shorten life 
expectancy by 4% (2). According to the 2016 data 
of the World Health Organization, 52% of the world 
population is overweight or obese, and it is predicted 

that this rate will increase to 60% in 2030 (3). 
	 In obesity, there is a low-grade chronic 
inflammatory process due to proinflammatory cytokines 
released from increased adipose tissue. Inflammation is 
also a risk factor for the development of atherosclerosis 
(4,5). Therefore, an increase in mortality due to 
atherosclerosis and cardiovascular diseases can be seen 
in obesity.
	 Obesity is mostly associated with insulin 
resistance (IR). IR is a component of type 2 diabetes and 
metabolic syndrome, and just like these two conditions, 
there is a chronic, low-grade, inflammatory process in 
IR. IR is usually associated with increased adipose tissue 
mass. Substances such as adipose tissue-derived tumor 
necrosis factor-α (TNF-α), interleukin-6 (IL-6), visfatin, 
and free fatty acids have a negative effect on pancreatic 
β-cell functions and ultimately cause IR (6,7). Lately, 
“neutrophil-to-lymphocyte ratio” (NLR) has been used 
as an indicator of inflammation (8-11). NLR is calculated 
by dividing the number of neutrophils by the number of 
lymphocytes. NLR is a reliable and affordable test that is 
easily accessible (8-11).
	 The gold standard method for measuring IR 
is the euglycemic clamp technique. The ‘homeostasis 
model assessment of IR’ (HOMA-IR) method is 
preferred, which gives similar results to this laborious 
and expensive method. In recent studies, it is 
emphasized that serum C-peptide level can also be used 
in IR evaluation (12,13).
	 In this study, based on the knowledge that 
obesity progresses with a chronic inflammatory 
process, the association between insulin resistance and 
NLR was investigated in obese women. 

MATERIALS AND METHODS 

	 This is a case study of obese female patients 
who have been followed up in the obesity outpatient 
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clinic of a university hospital. All patients included 
in the study attended their scheduled appointments 
regularly for at least two years. With the approval of 
the local ethics committee, the clinical and laboratory 
data in the patient follow-up forms used in the obesity 
outpatient clinic of our center were evaluated.
	 The body mass index (BMI) formula 
[BMI=weight (kg) / height (m2)] was used for the 
diagnosis of obesity. A BMI of 30 or over was evaluated 
as “obesity” (1,2). Patients were categorized into 
three groups according to their BMI values; group 1 
consisted of patients with BMI= 30-34.9 kg/m2, group 
2 consisted of patients with BMI= 35-39.9 kg/m2 and 
group 3 consisted of patients with BMI ≥40 kg/m2. The 
body composition analyzer (bioelectrical impedance 
analysis “BIA” measuring device) was used to evaluate 
the obesity status (14). Body composition analyses 
of the patients were performed with TANITA® (MC-
780U, Japan) brand body bioelectrical impedance 
analyzer. 

	 The IR of the patients was calculated by 
homeostasis model assessment of insulin resistance 
(HOMA-IR) formula (HOMA-IR= [Fasting insulin 
(μU/ml) × Fasting glucose (mg/dL)] / 405), simultaneous 
fasting plasma C-peptide levels were recorded. 
Neutrophil-to-lymphocyte ratio (NLR), which is a 
hemogram parameter, was used as an inflammatory 
marker. Patients with known diabetes, malignancy, 
pregnancy, acute infection or inflammatory disease 
and male patients who constituted less than 10% of 
the study population were excluded from the study. 
As a result of this screening, 83 women who fulfilled 
the study criteria were evaluated. The analysis aimed 
to compare the correlations between insulin and 
C-peptide, as markers of the inflammatory process. 

	 Statistical analysis
	 Descriptive analyses were performed, the 
relationship of independent variables (fasting blood 
glucose, insulin, C-peptide, HOMA-IR, BMI, body 

Table 1. Descriptive data of patients at first admission to the outpatient clinic

BMI: Body mass index, WBFM: Whole body fat mass, CFM: Central fat mass, BFP: Body fat percentage (BFP=whole body fat mass /weight), HOMA-IR: 
Homeostasis model assessment of insulin resistance, HbA1c: glycated hemoglobin, NLR: Neutrophil-to-lymphocyte ratio, SD: standard deviation.

mean ± SD (min.-max.)
Age (year) 49.06±10.54 18-77
BMI (kg/m2) 37.75±5.64 30-56
Weight (kg) 95.47±15.37 66.9-134.6
Whole body fat mass (WBFM) (kg) 38.5±9.73 22.8- 62.3
Central fat mass (CFM) (kg) 15.45±3.72 8.5-26.3
CFM / WBFM (%) 40.7±6.28 20-64
CFM / weight (%) 16.19±2.84 9-24
Body fat percentage (BFP) (%) 39.84±4.2 31-54
Glucose (mg/dL) 98.66±10.14 71-117
Insulin (uU/mL) 13.36±11.91 1.0-89.8
C-peptide (ng/mL) 2.98±1.44 1.14-8.4
HOMA-IR 3.34±3.33 0.18-25.72
HbA1c (%) 5.69±0.39 4.4-6.4
Leucocyte (103/µL) 6.967 ± 1.470 3.740-10.500
Neutrophil (103/µL) 4.007 ± 1.329 1.400-7.620
Lymphocyte (103/µL) 2.312 ± 0.5545 1.210-3.510
NLR 1.84 ± 0.79 0.69-4.12

Table 2. Correlation analysis between “neutrophil lymphocyte ratio and C-peptide” and “insulin resistance parameters and body fat 
components”

HOMA-IR: Homeostasis model assessment of insulin resistance, BFP: Body fat percentage (BFP=whole body fat mass / weight), CFM: Central fat mass, NLR: 
Neutrophil-to-lymphocyte ratio.

NLR C-peptide
r p r p

Fasting blood glucose 0.20 0.07 0.11 0.363
Insulin 0.25 0.037 0.72 <0.001
C-peptide 0.36 0.003 - -
HOMA-IR 0.26 0.029 0.69 <0.001
BFP 0.00 0.998 -0.09 0.488 
CFM / weight -0.13 0.26 -0.17 0.16
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fat percentage “BFP”, whole body fat mass “WBFM”, 
central fat mass “CFM”) with each other and their 
effects on each other were tested with Pearson 
correlation analysis and linear regression analysis. 
	 For intragroup BMI analysis, either ANOVA 
test or Kruskall-Wallis test was used depending on the 
distribution of data. Receiver operating characteristic 
(ROC) curves were obtained and the optimal C-peptide 
value with the greatest total sensitivity and specificity 
was selected in the prediction of insulin resistance. If the 
p value was below 0.05, it was considered statistically 
significant. SPSS Statistics 21.00 (for Windows, 
Chicago, US) program was used for statistical analysis 
of our study. 

RESULTS 

	 The mean age among the 83 study participants 
was 49 (±10.54), with a lower limit of 18 and an upper 
limit of 77 years. The patients were generally in the 
moderately obese category, with a mean BMI=37.74 (30-
56) kg/m2. It was observed that the mean HbA1c levels 
of non-diabetic obese patients were at the border of 5.7% 
(5.69%), which is accepted as prediabetes (Table 1). The 
mean NLR of the patients was 1.84 ± 0.79. 
	 When the relationship between NLR and 
C-peptide levels, insulin and HOMA-IR index in obese 
female patients was examined, it was found that they 

were significantly correlated with each other (p=0.003, 
p=0.037 and p=0.029, respectively) (Table 2). 
	 In obese women, linear regression analysis was 
performed to show which parameters (including BMI, 
whole body fat mass, central fat mass, HOMA-IR, 
plasma fasting insulin and C-peptide levels) were more 
affected by the change in NLR values. We observed 
that the increase in C-peptide levels had a significant 
effect on the increase in NLR (r2=0.31, p=0.002), 
however insulin had no similar effect on NLR (r2=0.01, 
p=0.544) (Table 3). 
	 Patients were categorized into three groups 
according to their BMI values; group I (BMI=30.0-
34.9) [n=28]), group II (BMI=35.0-39.9, [n=33]) and 
group III (BMI≥40, [n=22]). We found no statistically 
significant difference between the three groups in 
terms of C-peptide (Fig. 1) and NLR values (p=0.187, 
p=0.071, respectively). 
	 In addition, ROC analysis was performed to 
determine the C-peptide cut-off value, which predicts 
insulin resistance, and patients were categorized as 
those with a C-peptide value below 2.5 and ≥2.5. 
Then, NLR, CRP and neutrophil levels between the 
groups were compared. While there was no difference 
between the groups in terms of NLR and CRP levels, 
neutrophil levels were statistically significantly higher 
in the group with C-peptide level ≥ 2.5 (7821±1511 vs. 
6509±1254, p=0.021). 

DISCUSSION 

	 Obesity progresses with a chronic, subclinical 
inflammation. It predisposes the patient to IR, 
diabetes, and atherosclerotic cardiovascular diseases 
(15,16). Combating obesity is important in preventing 
cardiovascular disease and related mortality (17). The 
level of inflammatory markers in plasma increases in 
obesity due to chronic inflammation. In this study, 
neutrophil-to-lymphocyte ratio (NLR), an inflammatory 
marker that can be used in daily practice, was used. It 
was shown that NLR was correlated with IR, and that 
C-peptide levels were significantly associated with 
NLR. 
	 An indicator of inflammation, NLR, which is 
a reliable, inexpensive and widely accessible test, has 
been used frequently in studies conducted in recent 
years (8-11). Neutrophils are the first immune cells to 
increase in response to inflammation (18). In diabetic 
patients, lymphocyte proliferation has decreased due 
to interleukin-2 receptor expression (19). Tanaka et 
al. showed that T lymphocytes decreased in obese 

Standardized coefficients pBeta * 
BMI 0.358 0.236
WBFM -0.017 0.969
CFM -0.195 0.443
Insulin -0.103 0.544
C-peptide 0.553 0.002

Table 3. Linear regression analysis of parameters that may affect 
the neutrophil-to-lymphocyte ratio (NLR)

BMI: Body mass index, WBFM: Whole body fat mass, CFM: Central fat mass.  
* The beta values on the table are standardized values.

Figure 1. Mean c-peptide levels of BMI groups
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Figure 1.  A: Before treatment; B: After treatment.

individuals and lymphopenia was associated with 
inflammation via TNF-α (20). NLR reflects both 
lymphocyte and neutrophil count. Therefore, it is a 
powerful parameter reflecting inflammation (8,21). It 
has been shown that NLR increases in many conditions 
which progress with inflammation (21-24). In our 
study, in accordance with the literature, it was observed 
that NLR in obese women was correlated with insulin 
resistance index HOMA-IR and fasting C-peptide 
levels. The mean NLR of our patients (1.84±0.79) 
was in the range of 0.78-3.53, which is considered 
to be the average of normal healthy adults according 
to the literature (25). The other parameters that may 
affect the NLR of the patients were examined by linear 
regression analysis. The increase in C-peptide levels 
had a significant effect on the increase in NLR. This 
relationship was not observed with insulin. Therefore, 
C-peptide may reflect the level of inflammation in 
obesity as well as IR. Metabolically healthy obesity 
is defined as obesity that is without metabolic 
abnormalities or increased cardiometabolic risk factors 
(26). The absence of inflammatory effects of insulin 
in non-insulin resistant (NIR) obese individuals 
supports our findings that C-peptide has possible pro-
inflammatory consequences in obese women. 
	 In fact, obesity is mostly associated with IR. 
The term IR refers to the resistance that develops 
against the metabolic effects of insulin. There is a 
chronic, low-grade, inflammatory process in IR. IR is 
usually associated with increased adipose tissue mass. 
It is known that an increase in adipose tissue mass 
has a negative effect on pancreatic β-cell functions. 
Visceral tissue-derived substances such as TNF-α, IL-
6, visfatin, asymmetric dimethyl arginine, and free fatty 
acids may play a role in the development of IR (6,7). 
Direct and indirect methods can be used to measure 
IR. The gold standard method for measuring IR is the 
euglycemic clamp technique. The ‘homeostatic model 
evaluation’ (HOMA) method is favored, which gives 
similar results to this difficult and expensive method. 
C-peptide is secreted by the pancreas in equal amounts 
with insulin, but while insulin undergoes first-pass 
removal in the liver, C-peptide is degraded in the 
renal cortex. Therefore, its half-life is much (about 6 
times) longer than insulin. The half-life of insulin is 
3-5 minutes, while the half-life of C-peptide is 20-30 
minutes (12,27). Therefore, it is stated that plasma 
C-peptide levels and C-peptide indices can be used as 
a more stable indicator for calculating IR (12,13,27). 
In our study, there was a highly significant correlation 
between fasting plasma C-peptide level and HOMA-IR 

in obese women, supporting this view. 
	 When the patients were categorized according 
to their BMI, there was no statistically significant 
difference between the groups regarding their C-peptide 
levels. This may be due to the relatively small size of 
our study sample.
	 C-peptide measurement is used for differential 
diagnosis of hypoglycemia. Likewise, it has an 
important role in deciding the treatment regimen of 
diabetes mellitus. Measuring C-peptide at regular 
intervals may be beneficial in determining the insulin 
reserve of diabetic patients as well as predicting the 
degree of inflammation. It may even be a promising 
marker for estimating the cardiovascular disease risk. 
	 Body mass index (BMI) is a frequently used 
scale in the diagnosis of obesity. However, it may not 
be an accurate and sufficient measurement method in 
muscle-developing athletes, sarcopenic patients, and in 
cases of edema such as heart or kidney failure. As it does 
not directly measure body fat, it may not entirely reflect 
the inflammation in obesity. However, in the definition 
of obesity, the abnormally increased amount of body 
fat is emphasized (1,2). Obesity can be expressed as a 
body fat percentage exceeding 25% in men and 32% in 
women (28). Therefore, BMI should be used as a part 
of clinical evaluation, not as the only diagnosis method 
of obesity (14). Bioelectrical impedance analysis (BIA) 
can be used for the diagnosis and follow-up of obesity 
besides determining body fat mass (14). In our study, it 
was found that body fat percentages or whole-body fat 
mass (WBFM) measured by BIA in obese women were 
not associated with NLR. It can be explained by the 
exclusion of male patients in our study, and may also 
be due to the ethnic difference in body fat distribution 
of women in Turkish population. 
	 Some study limitations are worth mentioning. 
It was a limitation that only female patients were 
included in our study. Since the number of male 
patients meeting the inclusion criteria of our study 
was less than 10% of the total number of cases, male 
patients were omitted. Another limitation is that our 
study had a relatively small sample size. The strength 
of our study is that the patients who came to the obesity 
outpatient clinic regularly were followed up for a long 
time. Additionally, it has been shown that the level 
of C-peptide in obese women may reflect the level of 
inflammation besides IR.
	 In conclusion, when evaluating the association 
between IR and inflammatory markers in obese 
women, fasting plasma C-peptide levels were found 
to be highly correlated with HOMA-IR. In addition, 
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when examined with linear regression analysis, it was 
observed that while the increase in C-peptide levels had 
a significant effect on the increase in NLR, there was no 
such relationship between insulin and NLR. Therefore, 
we conclude that plasma C-peptide may be used as an 
efficient laboratory marker with high relevance in IR 
and chronic inflammatory conditions including obesity 
and pre-diabetes. However, prospective clinical 
studies are required to clarify the possible mechanisms 
underlying the association between C-peptide and 
inflammation.

 	 Conflict of interest
	 The authors declare that they have no conflict of 
interest. 

References

1. Kyle TK, Dhurandhar EJ, Allison DB. Regarding Obesity as 
a Disease: Evolving Policies and Their Implications. Endocrinol 
Metab Clin North Am. 2016; 45(3):511-520.
2. Yumuk V, Tsigos C, Fried M, Schindler K, Busetto L, Micic 
D, Toplak H. Obesity Management Task Force of the European 
Association for the Study of Obesity. European Guidelines for 
Obesity Management in Adults. Obes Facts. 2015; 8(6):402-424. 
doi: 10.1159/000442721 
3. Kelly T, Yang W, Chen CS, Reynolds K, He J. Global burden of 
obesity in 2005 and projections to 2030. Int J Obes (Lond) 2008; 
32:1431-1437.  
4. Festa A, D’Agostino R Jr, Howard G, Mykkänen L, Tracy RP, 
Haffner SM. Chronic subclinical inflammation as part of the insulin 
resistance syndrome: the Insulin Resistance Atherosclerosis Study 
(IRAS). Circulation. 2000; 102(1):42-47. 
5. Ranneh Y, Akim AM, Hamid HA, Khazaai H, Mokhtarrudin N, 
Fadel A, Albujja MHK. Induction of Chronic Subclinical Systemic 
Inflammation in Sprague-Dawley Rats Stimulated by Intermittent 
Bolus Injection of Lipopolysaccharide. Arch Immunol Ther Exp 
(Warsz). 2019; 67(6):385-400.  
6. Uslu S, Kebapçi N, Kara M, Bal C. Relationship between 
adipocytokines and cardiovascular risk factors in patients with type 
2 diabetes mellitus. Exp Ther Med. 2012; 4(1):113-120. 
7. Ranneh Y, Ali F, Akim AM, Hamid HA, Khazaai H, Fadel A. 
Crosstalk between reactive oxygen species and pro-inflammatory 
markers in developing various chronic diseases: a review. Appl 
Biol Chem 2017; 60(3):327-338.  
8. Sefil F, Ulutas KT, Dokuyucu R, Sumbul AT, Yengil E, 
Yagiz AE, Yula E, Ustun I, Gokce C. Investigation of neutrophil 
lymphocyte ratio and blood glucose regulation in patients with type 
2 diabetes mellitus. J Int Med Res. 2014; 42(2):581-588. 
9. Guo X, Zhang S, Zhang Q, Liu L, Wu H, Du H, Shi H, Wang 
C, Xia Y, Liu X, Li C, Sun S, Wang X, Zhou M, Huang G, Jia Q, 
Zhao H, Song K, Niu K. Neutrophil:lymphocyte ratio is positively 
related to type 2 diabetes in a large-scale adult population: a Tianjin 
Chronic Low-Grade Systemic Inflammation and Health cohort 
study. Eur J Endocrinol. 2015; 173(2):217-225.  
10. Moursy EY, Ismael AAE, Mouftah RFH, El-Tahan ESG. The 
value of neutrophil lymphocyte ratio in predicting the degree of 
insulin resistance and β cell dysfunction in type 2 diabetic patients. 
Am. J. Intern. Med. Special issue: Different medical research from 
middle east 2016; 2-1:1-4.  

11. Büyükkaya E, Karakaş MF, Karakaş E, Akçay AB, Tanboga 
IH, Kurt M, Sen N. Correlation of neutrophil to lymphocyte ratio 
with the presence and severity of metabolic syndrome. Clin Appl 
Thromb Hemost. 2014; 20:159-163. 
12. Wahren J, Larsson C. C-peptide: new findings and therapeutic 
possibilities. Diabetes Res Clin Pract. 2015; 107(3):309-319.  
13. Khan HA, Sobki SH, Ekhzaimy A, Khan I, Almusawi MA. 
Biomarker potential of C-peptide for screening of insulin resistance 
in diabetic and non-diabetic individuals. Saudi J Biol Sci. 2018; 
25(8):1729-1732.  
14. Smith S, Madden AM. Body composition and functional 
assessment of nutritional status in adults: a narrative review of 
imaging, impedance, strength and functional techniques. J Hum 
Nutr Diet. 2016; 29(6):714-732. 
15. Ellulu MS, Patimah I, Khaza’ai H, Rahmat A, Abed Y. Obesity 
and inflammation: the linking mechanism and the complications. 
Arch Med Sci. 2017; 13(4):851-863.  
16. Monteiro R, Azevedo I. Chronic inflammation in obesity and 
the metabolic syndrome. Mediators Inflamm. 2010; 289645. 
17. Finer N. Medical consequences of obesity. Medicine, 2015; 
43(2):88-93.  
18. Sen N, Afsar B, Ozcan F, Buyukkaya E, Isleyen A, Akcay AB, 
Yuzgecer H, Kurt M, Karakas MF, Basar N, Hajro E, Kanbay M. 
The neutrophil to lymphocyte ratio was associated with impaired 
myocardial perfusion and long-term adverse outcome in patients 
with ST elevated myocardial infarction undergoing primary 
coronary intervention. Atherosclerosis. 2013; 228:203-210. 
19. Chang FY, Shaio MF. Decreased cell mediated immunity in 
patients with noninsulin-dependent diabetes mellitus. Diabetes Res 
Clin Pract. 1995; 28:137-146.  
20. Tanaka S, Isoda F, Ishihara Y, Kimura M, Yamakawa T. 
T lymphopenia in relation to body mass index and TNF-a in 
human obesity: adequate weight reduction can be corrective. Clin 
Endocrinol (Oxf). 2001; 54(3):347-354. 
21. Suzuki T, Futami-Suda S, Igari Y, Watanabe K, Ouchi M, Suzuki 
K, Sekimizu K, Kigawa Y, Nakano H, Oba K. Low-molecular-
weight lipoprotein (a) and low relative lymphocyte concentration 
are significant and independent risk factors for coronary heart 
disease in patients with type 2 diabetes mellitus: Lp (a) phenotype, 
lymphocyte, and coronary heart disease. Lipids Health and Dis. 
2013; 12:31. doi: 10.1186/1476-511X-12-31 
22. Cosansu K, Vatan MB, Gunduz H, Akdemir R. Use of 
neutrophil-lymphocyte ratio for risk stratification and relationship 
with time in therapeutic range in patients with nonvalvular atrial 
fibrillation: A pilot study. Clin Cardiol. 2018;41(3):339-342. 
23. Avci A, Elnur A, Göksel A, Serdar F, Servet I, Atilla K, Mustafa 
TM, Cuneyt T, Yeliz G, Mustafa B, Metin EA. The relationship 
between neutrophil/lymphocyte ratio and calcific aortic stenosis. 
Echocardiography. 2014; 31(9):1031-1035. 
24. Öztürk ZA, Kuyumcu ME, Yesil Y, Savas E, Yıldız H, Kepekçi 
Y, Arıoğul S. Is there a link between neutrophil-lymphocyte ratio 
and microvascular complications in geriatric diabetic patients? J 
Endocrinol Invest. 2013; 36(8):593-599. 
25. Forget P, Khalifa C, Defour JP, Latinne D, Van Pel MC, De 
Kock M. What is the normal value of the neutrophil-to-lymphocyte 
ratio? BMC Res Notes. 2017; 10(1):12.  
26. Tsatsoulis A, Paschou SA. Metabolically Healthy Obesity: 
Criteria, Epidemiology, Controversies, and Consequences. Curr 
Obes Rep. 2020; 9(2):109-120. 
27. Leighton E, Sainsbury CA, Jones GC. A Practical Review of 
C-peptide Testing in Diabetes. Diabetes Ther. 2017; 8(3):475-487. 
28. Bays HE, Seger JC, Primack C, McCarthy W, Long J, Schmidt 
SL, Daniel S, Wendt J, Horn DB, Westman. Obesity Algorithm 
2017, presented by the Obesity Medicine Association 2016-2017.


