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ABSTRACT 
Aim and objectives: The aim of the study was to assess the Neutrophil Lymphocyte Ratio as a markerof Endothelial 
Dysfunction and Insulin Resistance in patients with Type 2 Diabetes. Materials and method: The present study was a 
hospital based cross-sectional study carried out in the department of clinical medicine.Neutrophil and lymphocyte ratio (N/L 
ratio) was calculated by doing complete blood count. Then the ratio of the absolute neutrophil count to absolute lymphocyte 
count will be calculated.Insulin resistance was assessed by HOMA-IR. Endothelial dysfunction was detected non-invasively 
by ultrasonographic analysis of brachial artery-flow mediated vasodilatation (FMD). Results: There were 58.0% males and 
42.0% females mean age of 49.88±10.91 (range = 32.00-78.00) years. There was a significantly positive correlation of NL 
ratio with Fasting blood sugar, HbA1C%, Ultrasound guided Flow mediated vasodilatation (FMD), Serum Insulin and 

HOMA-IR2. Conclusion: NLR deterioration is associated with glycaemic disorder, which increases the importance of 
haemogram in diabetic patients. Improvement of NLR after glycaemic regulation has suggested that this parameter may be 
more useful in demonstrating glycaemic regulation rather than complications. 
Keywords: HOMA-IR, HbA1C%, Ultrasound guided Flow mediated vasodilatation, Neutrophil and lymphocyte ratio 
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INTRODUCTION 
Diabetes mellitus (DM) refers to a group of common 

metabolic disorders that share the phenotype of 

hyperglycemia.(1) Several distinct types of DM    are 

caused by a complex interaction of genetics and 

environmental factors.1 It is characterized by high 

blood glucose levels resulting from defects in insulin 

production, insulin action, or both.2,3 

Diabetes mellitus (DM) is categorized into to broad 

categories DM Type 1 and DM type 2.Type 2 diabetes 

mellitus is the predominant form of diabetes 

worldwide. The incidence of diabetes is increasing 
day by day. The epidemic of diabetes is under way in 

both developing and developed countries.Type 2 

Diabetes Mellitus (T2DM) is characterized by insulin 

resistance and is associated with obesity and 
cardiovascular diseases.4 

Several studies that explored the relationship between 

systemic inflammation and cardiovascular diseases5 

indicated that chronic inflammation promotes the 

acceleration of diabetic microangiopathy in addition 

to the development of macroangiopathy in diabetic 

patients.6,7 

Insulin resistance (IR) is a reduction in reaction or 

sensitivity to insulin and is considered to be the 

common cause of impaired glucose tolerance, 

diabetes, obesity, dyslipidemia, and hypertensive 
diseases. Type 2 diabetes mellitus (DM) has many 

microvascular and macrovascular complications.8The 

neutrophil-tolymphocyte (N/L) ratio was defined as a 
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biomarker of inflammation.9Increased NLR is 

associated with severe, extensive and complex 

CAD.10,11 

HbA1c is a widely available test which is usually 

advised by most clinicians to measures the long term 
glycemic control in diabetic patients over the period 

of previous 2-3 months. HbA1c also tells about the 

severity of hyperglycemia and considered to be a 

biomarker of risk factors for diabetes related micro 

and macro-vascular complications.12 

NLR is an important marker of chronic inflammation 

which exhibits a balance between two interdependent 

components of the immune system. Neutrophils are 

the active inflammatory mediator that forms the first 

line of defense and the high neutrophil count is a 

marker of the ongoing destructive nonspecific 

inflammatory process. whereas lymphocytes are the 
regulatory and protective component of inflammation 

and low lymphocyte count value indicates relatively 

inadequate immune regulation.13,14 

Stimuli such as hyperglycemia and oxidative stress 

increase the expression of Intracellular Adhesion 

Molecule 1 (ICAM-1), proinflammatory cytokines, 

and chemokines.15The overexpression of ICAM-1 

results in the gathering of inflammatory cells.16 

The present study was done to assess the Neutrophil 

Lymphocyte Ratio as a Marker of Endothelial 

Dysfunction and Insulin Resistance in Patients with 
Type 2 Diabetes. 

 

MATERIALS AND METHOD 

The present hospital based prospective study was 

carried out in the Department of Clinical Medicine. A 

total of 50 Patients were taken with Type 2 Diabetes 

mellitus.After the approval of ethics committee, this 

study was planned to conduct on different age group 

patients with diabetes mellitus type 2 disease in out-

patient and in-patient department. 

 

STUDY POPULATION 
The study included all patients with type 2 diabetes 

mellitus age >30 years. The study excluded patients 

with history of any active disease in last 4 weeks, 

Patients with any underlying hematological disorder 

and any history of drug intake and alcohol use. 

 

STUDY PROTOCOL 
Patients presenting in department of General 

Medicine with Diabetes mellitus type 2 will be 

evaluated and thorough history will be taken 

regarding name, age, sex occupation, residential 

address, chief complaints, history of presenting 

illness, history of medical treatment for diabetes and 

history of previous treatment.  

General and systemic examination was done to 

complete the systemic examination including 

cardiovascular, central nervous system and abdominal 

examination. Any abnormality will be recorded. Local 

examination included Acanthosis nigricans, skin tags.  
Neutrophil and lymphocyte ratio(N/L ratio) was 

calculated by doing complete blood count. Then the 

ratio of the absolute neutrophil count to absolute 

lymphocyte count will be calculated.   

Insulin resistance was done by HOMA-IR which is 

calculated by using the followingformula: fasting 

plasma glucose (mmol/L) multipliedby fasting serum 

insulin (mIU/L) divided by 22.5.A HOMA-IR value 

of > 2.0 was indicative of IR. Endothelial dysfunction 

was detected non-invasively by ultrasonographic 

analysis of brachial artery-flow mediated 
vasodilatation (FMD). 

 

STATISTICAL ANALYSIS 

SPSS version 25.0 analyzed the Excel data when it 

was loaded. Quantitative (numerical variables) data 

was given as mean and standard deviation, whereas 

qualitative (categorical variables) data was provided 

as frequency and percentage.The student t-test was 

used to compare the two groups' mean values, while 

the chi-square test analyzed their frequency 

differences. If p-value was less than 0.05, it was 

statistically significant. 

 

RESULTS 

Table 1 showing the basic information 

  Frequency Percent 

Age (in years) 30-45 years 18 36.0% 

46-60 years 24 48.0% 

> 60 years 8 16.0% 

Mean±SD 49.88±10.91(32-78) 

Gender Male 29 58.0% 

Female 21 42.0% 

The study population consisted of 18 (36.0%) subjects 

from 30-45 years, 24 (48.0%) subjects from 46-60 

years and 8 (16.0%) subjects from > 60 years age 

group. The mean age of the study population was 

49.88±10.91 (range = 32.00-78.00) years.There were 

29 (58.0%) males and 21 (42.0%) females among 

study population. 
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Table 2 showing Hemoglobin, TLC, FBS (mg/dl), HbA1c (%), Absolute Lymphocyte (%), Absolute 

Neutrophil (%) and NL ratio 

 Mean±SD (Minimum-Maximum) 

Hb 11.94±1.79 (8-16) 

TLC 7422.00±1926.54 (4500.00-11500.00) 

FBS (mg/dl) 141.08±24.26 (98.00-201.00) 

HbA1c (%) 8.57±1.58 (6.60-13.00) 

Absolute Lymphocyte (%) 35.60±5.39 (22.00-51.00) 

Absolute Neutrophil (%) 62.08±16.18 (45.00-93.00) 

NL ratio 0.88±3.40 (1.81-0.63) 

The mean Hb levels were 11.94±1.79 (range = 8.00-

16.00). The mean TLC value was 7422.00±1926.54 

(range = 4500.00-11500.00). The mean FBS (mg/dl) 

levels were 141.08±24.26 (range = 98.00-201.00). 
The mean HbA1c (%) was 8.57±1.58 (range = 6.60-

13.00). The mean Absolute Lymphocyte (%) was 

35.60±5.39 (22.00-51.00). Absolute Neutrophil (%) 

was 62.08±16.18 (45.00-93.00). The mean NL ratio 

was 1.81±0.63. 

 

Table 3 showing the correlation of NL ratio with Fasting blood sugar, HbA1C%, Flow mediated 

vasodilatation, serum insulin levels and HOMA-IR2 levels 

 NL ratio 

Fasting blood sugar Pearson Correlation 0.573 

p-value 0.008* 

HbA1C% 

 

Pearson Correlation 0.515 

p-value 0.010* 

Ultrasound guided 

Flow mediated 

vasodilatation (FMD) 

Pearson Correlation 0.608 

p-value 
< 0.001* 

Serum Insulin Pearson Correlation 0.511 

p-value < 0.001* 

HOMA-IR2 Pearson Correlation 0.546 

p-value < 0.001* 

 

There was a significantly positive correlation of NL 

ratio with Fasting blood sugar (r=0.573), HbA1C% 

(r=0.515), Flow mediated vasodilatation (r=0.608), 

serum insulin levels (r=0.511) and HOMA-IR2 levels 

(r=0.546). 

 

DISCUSSION 
A dominant role of NLR was seen in various studies 

conducted on diabetic patients. Shiny et al.[16] and Lou 

et al.[17] revealed that increased NLR has strong 

association with glucose intolerance and insulin 

resistance in type 2 diabetic patients. Regarding 

diabetes related micro vascular complications studies 

showed that NLR has a reliable predictive marker of 

early stage diabetic nephropathy,[18] retinopathy[19] 

and diabetic foot ulcer.[20] 

In our study, the mean age of the study population 

was 49.88±10.91 (range = 32.00-78.00) years which 
co-incided with the findings of Sefil et 

al.,[21]Fernando et al.,[22]mean age of diabetic patients 

in CAD (+) group and CAD (-) group were 59.2±8.05 

and 54.56±9.75 respectively and Guo et al.,[23] the 

mean age was 40.1±13.3 years but was lesser than the 

findings by Gubbala et al,[24] the mean age of the 

study group was 65.78 years of age. 

The gender composition in our study showed more 

predominance among male when compared to female 

which is in contrast to study findings of Sefil et al[21] 

but similar to the study finding by Gubbala et al[24] 

and JinJyu Kim et al.[25] 

In the current study, a positive correlation was found 
between HbA1c levels and NLR. Also, the 

relationship was significant for association between 

the fasting blood sugar levels and NLR.HbA1c levels 

are an indicator of blood glucose regulation, and 

increased HbA1c levels may be associated with 

increased risk of cardiovascular complications in 

patients with type 2 diabetes mellitus,[26] since 

impaired glucose tolerance is associated with 

coronary heart disease.[27] Leukocytes contribute to 

cholesterol deposition, endothelial dysfunction and 

atherogenesis.[28] 
A positive correlation between HbA1c and WBC 

levels in patients with type 2 diabetes mellitus[29] was 

reported in a study that grouped patients according to 

WBC levels. Another study, in which patients were 

grouped based on the number of metabolic syndrome 

components, found a similar correlation between 

WBC count and HbA1c.[4] In patients with type 2 

diabetes mellitus, a link between high WBC levels 

and impaired insulin sensitivity has been 

suggested.[30] 

Studies by Mertoglu et al. and others showed that 

higher values of NLR and PLR were associated with 
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increased high insulin resistence.[31] NLR and PLR 

were found to be higher in the diabetic group as 

compared with the control group, which was similar 

to the findings in this study. A study by Hussain et 

al.32found the NLR value to be higher in the poorly 
controlled diabetics as compared with the well-

controlled diabetics which was statistically 

significant. Moursyet al.33showed that NLR and PLR 

values were significantly higher in diabetic patients 

with retinopathy and neuropathy than those of diabetic 

patients without any microvascular complications. 

Akbas et al. associated the increased NLR and PLR 

values in patients with diabetic nephropathy having 

increased albuminuria.34Verdoia et al.[35] reported that 

increased NLR was related to the severity of coronary 

artery disease. Aygunet al.36found the prevalence of 

obstructive coronary artery disease to be higher in 
diabetic patients with NLR >2.05 than those with 

NLR <2.05. 

Shiny et al.[16] compared the NLR value with normal 

glucose tolerance (NGT), impaired glucose tolerance 

(IGT) and type 2 diabetes mellitus (DM) and found a 

significant correlation with IGT and DM. Oh et al.[37] 

and Demirtas et al.[34] demonstrated association 

between glycemic control and hematological indices 

in type 2 diabetic patients and concluded that NLR 

can be used as a marker of diabetic regulations and 

complications during the follow up period of diabetic 
patients. 

In a prospective study by Guo X et al.23on a 

nondiabetic 38,074-strong cohort, an average of 6-

year follow-up NLR was associated with the 

incidence and prevalence of T2DM. This result 

suggests that the NLR is a predictor for the 

development of diabetes. 

Sagar et al.[38]found that there was a significant 

correlation between NLR and DN, implying that 

inflammation and endothelial dysfunction could be an 

integral part of DN. An association between NLR and 

worsening renal function in diabetic patients has been 
determined.[39] 

Few studies showed a significantly positive 

association between NLR and FPG in the patients 

group, while the results of Kim et al.[25]did not show 

such an association in the IFG/ DM group.  

Hyperglycemia increases the release of reactive 

oxygenspecies from neutrophils, which, in turn, 

increase vascularendothelial permeability and 

promote leukocyte adhesion,leading to alterations in 

endothelial function. Deficiency in theendothelial-

derived nitic oxide is also noted. Increased 
apoptosisin lymphocytes and its increased oxidative 

DNA damage contributeto its low circulating levels. 

The insufficient proliferation oflymphocytes due to 

low expression of IL-2 receptors is also noted.[40] 

In our study, there was a significantly positive 

correlation of NL ratio with Flow mediated 

vasodilatation. There was a significantly positive 

correlation of NL ratio with HOMA-IR2 levels. 

In accordance with our study, Shiny et al.[16]showed 

that pearson correlation analysis showed a significant 

positive correlation of NLR with HOMA-IR 

(r=0.233). Lou et al reported that NLR values of 

thediabetic patients were significantly higher than 
those ofthe healthy control, and the NLR values ofthe 

patients with a HOMA-IR value of > 2.0 are 

notablygreater than those of the patients with a 

HOMA-IRvalue of ≤2.0. 

The pathological activation of innate immunity leads 

toinflammation of the islet cells, resulting in a 

decrease inpancreatic beta-cell mass and impaired 

insulin secretion.[41] Patients with T2DM are in a state 

of low-degreechronic inflammation that induces 

hypersecretion of inflammatoryfactors, such as CRP, 

IL-6, TNF-α, andMCP-1, which results in a constantly 

elevated neutrophilicgranulocyte count.[42] 
One mechanism by whichincreased levels of 

neutrophils could mediate IR maybe through 

augmented inflammation. The increase inNLR 

appears to underlie the elevated levels of 

proinflammation,as evident from the persistent 

neutrophilactivation and enhanced release of 

neutrophil proteases with T2DM. Moreover, 

lymphocytes may bealso associated with 

inflammation. Some studies haveshown that IR may 

be related to the signal transductionmediated by T 

cells and that IR results in a decrease in T-cell 
count.[43,44] 

NLR represents a combination of twomarkers where 

neutrophils represent the active 

nonspecificinflammatory mediator initiating the first 

lineof defense, whereas lymphocytes represent the 

regulatoryor protective component of 

inflammation.[45] NLR is superior to other leukocyte 

parameters (e.g.,neutrophil, lymphocyte, and total 

leukocyte counts)because of its better stability 

compared with the otherparameters that can be altered 

by various physiological,pathological, and physical 

factors. Thus, as a simpleclinical indicator of IR, NLR 
is more sensitive comparedwith the neutrophilic 

granulocyte count and CRP levels,which are widely 

used as markers of IR.[45] 

In contrast, hyperglycemia has been shown to reduce 

the apoptosis in neutrophils, leading to impaired 

neutrophil clearance and prolonged inflammation in 

mice with diabetes.46One mechanism by which 

increased levels of neutrophils could mediate insulin 

resistance could be through exaggerated 

inflammation. The increase in NLR appear to underlie 

the elevated levels of pro-inflammation, as evident 
from the persistent neutrophil activation and enhanced 

release of neutrophil proteases in patients with type 2 

diabetes.47 

One of the limitations of this study is that this was a 

cross-sectional analysis and the sample size was 

relatively small. Since this was not a prospective 

controlled study, any conclusive causal associations 

between NLR and DM could not be investigated. 
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CONCLUSION 
NLR was significantly associated with the diabetic 

status in the current study. High NLR values may be 

considered as a predictor and a prognostic risk marker 

of deteriorating diabetic status. It is one of the 
simplest parameters to be estimated and calculated in 

the laboratory on the routine basis. They also have the 

advantage ofbeing simple andcheap to carry out. They 

can be easily substituted for expensive inflammatory 

markers use previously such as ILs, TNF, and 

cytokines. 
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