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INTRODUCTION:
Type 2 diabetes mellitus is a disease characterized by high levels of 
glucose in blood. India has been declared as diabetic capital of the 
world. According to the World Health Organization, at least 151 
million people or 2.8% of the population were suffering from diabetes 
worldwide (2000). Its incidence is increasing rapidly and it is 
estimated that by the year 2030, this number will almost double. It is 

16the seventh leading cause of death accounting 3.3% of total deaths.

In India reported prevalence of diabetes mellitus is around 8.9% and 
incidence of cardiovascular diseases in these patients is 30-
39%.Extreme high blood glucose level affects all parts of the body and 
promotes the development of different complications resulting from 
inammation, such as neuropathy, retinopathy, renal failure, 
hypercoagulability, hypertension, myocardial infarction, stroke and 

17peripheral vascular disease, among others. Increased risk of heart 
disease and stroke represents the leading cause of mortality in people 

2with diabetes.

High blood glucose levels are toxic to the body, leading to protein 
glycation, hyper-osmolality and increased intracellular sorbitol 

17
levels. Glycation is an irreversible non-enzymatic binding reaction 
between glucose and a protein – e.g. hemoglobin, which give rise to the 

6term glycated hemoglobin(HbA1c).  Total HbA1C corresponds to the 
molecules most negatively charged by the addition of glucose and 
other carbohydrates. The A1c fraction is present in HbA1c, with 

17glucose attached to the N-terminal valine of the beta chain.

Total White blood cell (WBC) count is linked to various components of 
5 metabolic syndrome. The count of white blood cell (WBC) is a basic 

6and sensitive indicator of the inammatory status. The increased 
number of circulating leukocytes not only reects a presence of acute 
infection in the body but they have a dominant inammatory role in the 
pathogenesis of different phases of atherosclerosis and leads to various 

19cardiovascular disorders. Studies have shown that increased 
leukocyte counts are reliable markers of systemic inammation and 
have diagnostic as well as prognostic value in patients of myocardial 
infarction, stroke, peripheral vascular disease and micro and macro 
vascular complication associated with type 2 diabetes mellitus 

18patients.

Among the multiple parameters of complete blood count, NLR has 
been studied extensively and has been suggested to be a prognostic 

20marker in acute myocardial infarction, heart failure, and stroke.  It 
reects a counterbalance between two complementary components of 
the immune system; neutrophils being the active nonspecic mediator 
of inammation, whereas lymphocytes acting as the protective or 

17regulatory component of inammation. An increase in the number of 
neutrophils is associated with thrombus formation and ischemic 

18injury. Lagof immune response to various physiological and 
pathological conditions in diabetes patient is characterized by 

18increased neutrophils and decreased lymphocyte count. Neutrophil 
lymphocyte ratio (NLR) is often recognized as new indicator of 

18subclinical inammation in type 2 diabetes patient.

In addition to blood glucose, HbA1C has become an important tool for 
diagnosing diabetes mellitus (DM), ensuring glycemic control and 

18predicting the risk of vascular complications. NLR was introduced as 
a novel marker to determine inammation in cardiac and non-cardiac 
disorders .Hence this study is done to predict the risk of type 2 diabetes 
mellitus patients leading to cardiovascular diseases and achieve good 

17clinical outcome.

OBJECTIVES:
1) To Investigate neutrophil lymphocyte ratio and blood glucose 

level in type 2 diabetes patients.
2) To investigate the glycosylated Hb (HbA1C) in type 2 diabetes 

patients.
3) To correlate NLR with blood glucose levels  and HbA1C.

Sample Size: 50
Design of the study :Prospective  study (Correlational study).
Duration of the study: 6 months (November 2019 to May2020).
Inclusion criteria:1.Type 2 diabetes mellitus patients.
2. Patients aged >30 years and <70 years are included in this study.

EXCLUSION CRITERIA:
1. Patients of type 1 diabetes mellitus.
2. MODY (Maturity onset diabetes of the young).
3. Patients with infection, malignancy and gestational diabetes 

mellitus.
4. Patients <30 and >70 years are excluded.

MATERIAL AND METHODS: 
Ÿ After medical/ethical committee approval, type 2 diabetes patients 

have been included at Navodaya medical college, Raichur and 
they will be advised for an overnight fasting.

Ÿ Patient consent was taken and explained about the study protocol 
and associated investigations.

Ÿ Under aseptic precautions venous blood samples (2-2.5 ml) were 
collected into haemogram tubes containing di-potassium 
ethylene-diamine-tetra-acetic acid and plane tubes.

Ÿ Samples were tested as soon as possible to minimize variations 
due to sample aging.

Introduction: Neutrophilic leukocytosis is directly associated with the pathogenesis of atherosclerosis in patients with 
diabetes mellitus (DM). Increased white blood cell (WBC) count is related to cardiovascular disease in patients with type 

2 diabetes mellitus; raised neutrophil lymphocyte ratio (NLR) is associated with metabolic syndrome. concerning a correlation between 
glycosylated haemoglobin (HbA1c) and NLR.  The aim of the present study was to investigate the neutrophils lymphocyte Aims and objectives:
ratio (NLR) and blood glucose regulation in type 2 diabetes patients.  This prospective  study of  6 months duration was conducted in Methods:
patients with type 2 diabetes mellitus, divided into two groups according to HbA1c levels. group 1- HbA1c levels ≤ 7%; group 2-HbA1c levels > 
7%.  WBC, neutrophil and lymphocyte counts were determined by automated analyser, HbA1C was calculated using Anion 2.  Of total Results:
50 patients included, Random blood glucose, neutrophil , WBC counts ,NLR, HbA1C were signicantly higher in group 2 compared to group 
1. NLR of uncontrolled group (HbA1c>7%)was signicantly higher than that of controlled group(HbA1C<7%) .We conclude that Conclusion:
NLR gives us very good and similar results to know the early complications of uncontrolled DM.
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Ÿ Total WBC, neutrophils and lymphocyte, Hb and platelet count 
were done by using an automated blood cell counter (SYSMYX 
XP-100). 

Ÿ NLRs were quantied as total neutrophils counts divided by 
lymphocyte counts.

Ÿ HbA1c levels were measured using automated machine 
(AFINION 2).

Ÿ Serum glucose levels were measured using a hexokinase 
enzymatic method.

RESULTS:
Total 50 cases were included in the study and diagnostic criteria for 
diabetes mellitus, normal range of haematology parameters, normal 
values of absolute neutrophils count and absolute lymphocyte count 
are adopted from WHO guidelines, which is as follows.

1. RBS- >11.1 mmol or >200 mg/dl
2. FBS ->7.00mmol>126 mg/dl 
3. HbA1C ->7%.

Normal range of haematological parameters :

HbA1C levels in selected patients were broadly divided into 2 groups - 
HbA1C<7 considered as group 1 and HbA1C>7 considered as group 
2.21/ 50 patients had HbA1C <7 and their HbA1C value ranged from 
5.4 to 7.0% with mean HbA1C of this group was 6.5% and they were in 
good control. 29/50 patients of group 2 had HbA1C >7 with values of 
HbA1C ranged from 7.2 to 9.9 with mean HbA1C of this group was 
9.4% and they were in poor control. Laboratory parameters such as 
RBS, Leucocytes, Neutrophils, lymphocytes, Haemoglobin, N/L ratio 
mean were compared between 2 groups and results obtained.

(Table-1).GROUP 1:

Out of 21 patients in group 1,  7/21  patients come under the  age group 
of 40-50yrs and 14/21 patients come under the age group of 50-60 
years and 21 patients had controlled parameters WBC counts ranges 
from 5000-11,000 with mean 7500, haemoglobin ranges from 8-
14mg/dl with mean of 11.4mg/dl, RBS ranges from 82-180 with mean 
of 155 and 14/21 patients neutrophils counts ranges from 56-77% with 
mean of 70.14%, lymphocyte ranges from 16-38 with mean 22.4% and 
N/L ratio ranges from 1.4-3.0 with  mean of 2.52 above all patients 
have controlled parameters.  7/21 patients whose neutrophils ranges 
from 77-85% with mean 78.9% and lymphocyte ranges from 14-19 
with mean 17.5%. N/L ratio ranges from 4-5.7 with mean 5.4, these 
patients were having abnormal values of above mentioned parameters. 

GROUP 2:

Group 2 includes 29 patients and their age group vary from 30-60 years 
and they had abnormal values of all above mentioned parameters i.e 29 
patients neutrophils ranges from 77%-85% with mean of 80.76%, 
lymphocyte ranges from 11%-19% with mean of 17.2%, haemoglobin 
ranges from 8-15mg/dl with mean 12.2mg/dl, RBS ranges from 
from160-418 with mean of 230, N/L ratio ranges from 3.9-7.6 with 
mean of 5.02. 12/29 patients WBC ranges from 11200-14000 with 
mean 12300 are also having abnormal parameters and 17 patients who 
had normal WBC counts which ranges from 6500-11000 with mean of 
7500. 

In table 1 we are comparing all above mentioned haematological 
parameters between both groups to know the signicance of each 
parameter in patients with controlled and uncontrolled group. 

In group one WBC ranges from 5000-11,000 and group 2 ranges from 
11200-14000 and their mean 7,500±2280,10,286±2125.62 
respectively. WBC was found to be ranging between 5000-8100, 8700-
12000 and 12200-14000 among patients with HbA1c value of <7%, 
between >7 to 9% and >9% respectively. WBC signicantly higher in 
group 2 as compare to group 1 as HbA1C level increases  WBC value 
keep on increasing and it is  statistically signicant with p value 
<0.001. Neutrophils in group 1 ranges from 56-77%  and in group 2 
ranges from 77%-85% and their mean 70.14%±6.79,80±2.936 
respectively. The neutrophils was found to be 56%-81%, 78-85% and 
77-85% among subjects with HbA1c value of less than 7%, between 7 
to 9% and more than 9% respectively. According to our study 
neutrophils is markedly increased in group 2 than group 1 and this also 
shows statistically signicant with p value<0.001.Lymphocytes in 
group 1 ranges from 16-38% and group 2 it is from 11%-19% and their 
mean 22.43±5.946, 17.28±3.96 respectively, lymphocytes found to be 
16-38, 15-25 and 12-15 among subjects with HbA1C value of <7%, 7-
9% and >9% respectively and lymphocytes found be decreasing as 
HbA1C level increasing  it is  statistically signicant with p value< 
0.0021.

RBS in group 1 ranges from 82 - 180 and group 2 it is from 160-449 and 
their mean of 155, 218 respectively, RBS  found to be 82-180, 118-200 
and 211-449among subjects with HbA1C value of <7%,7-9% and 
>9% respectively and RBS found be increasing in group 2 as compare 
with group 1 and its shows statistically signicant with p value< 0.031.

NL ratio  in group 1 ranges from1.4-5.7 and group 2 it is from 3.9-7.6 
and their mean of 3.52 ,5.02 respectively. NL ratio found to be 1.4-3.9, 
4.0-5.8 and 6-7.6among patients with HbA1C value of <7%, 7-9% and 
>9% respectively and NL ratio was found to be increasing among the 
subjects with increase in HbA1C levels. With p value <0.001 which is 
statistically signicant. 

Haemoglobin in group 1 ranges from 8-14 and group 2 it is from 9-
15mg/dl-and their mean of 11.4mg/dl,12.2mg/dl respectively, Hb 
found to be 8-13.5mg/dl, 9-14.4mg/dl and 9-12mg/dl among patients 
with HbA1C value of <7%,7-9% and >9% respectively and in group 
1,16 patients had normal Hb value and 5 of them had abnormal Hb 
value and the value of haemoglobin is not decreasing as the HbA1C 
increases and Hb rangeis varying in both groups which is not 
correlating with HbA1C value and it is  not  statistically signicant 
with p value>0.05.

Neutrophils, lymphocyte, RBS, WBC counts and N/L ratio were 
statistically signicant with p<0.05 and haemoglobinis statistically not 
signicant between 2 groups (Table 1) .

Analysis using pearson's correlation coefcient showed that NLR 
correlated positively with HbA1C levels (r=0.564,p=0.000 
<0.007,Figure 1) .

A Linear regression analysis was also carried out using the enter 
method to evaluate the correlation between HbA1C with other 
haematological parameters measurement of HbA1C taken as 
dependent parameters, wherasage, sex, WBC, neutrophils, 
lymphocyte, Hb, RBS, NL ratio were independent parameters as 
shown in (Table-2) the results showed that WBC count and RBS 
independently associated with HbA1C with p value ( 0.042,0.020 
respectively).(Table-2)

Table 1-Hemogram data for patients with TYPE 2 diabetes 
mellitus divided into 2 group according to HbA1C levels: Group 
1<7%,and Group 2>7%.

Statistically signicant (p<0.05) and statistically not signicant 
p>0.05.
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Range Percentage
Neutrophils 1500-8000(1.5-8µL) 45-75%
Lymphocytes 1000-4000(1.0-4µL) 20-40%

Leucocytes 9/l4.00-11.00X10

Normal Normal Abnormal 
21/21 14/21 7/21

WBC:5000-
911000x10 /l

Neutrophils:56-77% Neutrophil-77-85% 

RBS:82-180mg/dl Lymphocyte:16-38% Lymphocyte: 14-19%
HB:8-14mg/dl N/L Ratio:1.4-3 N/L Ratio: 4-5.7%

Abnormal(29/29) Abnormal(12/29) Normal(17/29)
9WBC:11200-1400 x10 /l WBC:11200-14000 WBC: 6500-11000

Neutrophils:77-85%
Lymphocytes-11-19%
Hb:8-15mg/dl
RBS: 160-418mg/dl
N/L Ratio:3.9-7.6

Parameter HBA1C (<= 7) HBA1C (> 7) Statistical 
Significance

TLC
Neutrophil
Lymphocyte
Hemoglobin
RBS
NL Ratio

7500.48  
2280.24
70.14  6.799
22.43  5.946
11.64  1.38
155.19  28.15
3.52  1.22

10286.21  2125.62
80.76  2.936
17.28  3.963
12.02  2.19
226.79  71.45
5.02  1.29

P  < 0.001
P  < 0.001
P < 0.0021
P > 0.05
P  < 0.031
P < 0.001



Figure-1: Scatter plot showing a positive correlation between 
neutrophil ,lymphocyte ratio and serum glcosylated haemoglobin 
(HbA1C) levels in 50 patients with type 2 diabetes mellitus.

Table 2: Linear regression analysis of factors related to HbA1C 
levels in 50 patients with type 2 diabetes mellitus.

DISCUSSION:
 In our study we have found that patients who are categorised in group 2 
(unregulated diabetes mellitus) are showed abnormal parameters of 
both neutrophils and lymphocytes.(i.e increased neutophil, decreased 
lymphocytes.)these ndings are consistent with the study done by 

1Khodabandehlou T et al in which lymphocytes levels were found to be 
reduced due to hyperglycemia. Previous study done by S.R.Ommen et 

2al   showed that low lymphocyte count served as an early marker of 
physiologic stress and systemic collapse secondary to myocardial 
ischemia mediated by cortisol release. Increased cortisol levels result 

2in a reduction in the relative level of lymphocytes.

3Study done by azabet al  identied a higher rate of major 
cardiovascular events in diabetic patients with NLR >2.36 in a 4 year 
follow-up and a higher risk of progression of diabetic nephropathy. A 
similar negative impact on cardiovascular outcomes was found by lee 

4et al in a large population of post myocardial infarction patients, but 
o n l y  a m o n g  d i a b e t i c s .  I n  o u r  s t u d y  w e  f o u n d  t h a t 
neutrophilslymphocyte ratio was found to be increasing among the 
subjects with increase in HbA1c Levels. The Ratio was found to be 
1.47-5, 2.9-5.8 and 5.1-7.6 among patients with HbA1c value of less 
than 7%, 7 to 9% and >9% respectively.

5Study done by selet al  found a positive association between NLR and 
glycosylated hb(HbA1c) albeit in a small population of diabetics with 

5poor glycemic control. However in contrast to our present data verodia 
6et al , found that signicant increase in NLR directly correlate with 

6glucose level but not with HbA1C.

The role of White Blood cells in estimating the glycaemic control was 
found to be statistically signicant in our study which shows level of 
WBC found to be higher among the patients who had poor to worst  

7control of diabetics. Another study done by Tsai JC et al  in which 
patients were grouped based on the number of metabolic syndrome 
components, found a similar correlation between WBC count and 

8 HbA1C.Same as our study the results of vozarova et al showed that a 
high WBC count is a predictive factor for the development of T2DM 
complications, thus low grade chronic inammation may play an 

8 9important role in the progression to T2DM. Ohshita et al  showed 
increased WBC count in patients with impaired glucose tolerance.  
The increase in WBC mainly reects the elevated neutrophils count in 

5 1 these studies. Study conducted bySelet al , Khodabandehlou T et al
found no association of WBC count with the glycemic control.

Our study showed that blood glucose level correlating with HbA1Ci.e 

patients of group 2 had increaseglucose level than group 1. Contrast to 
10our study M Rosediani, MMed et al  found in his study that correlation 

between plasma glucose prole with HbA1C, they found that HbA1C 
was better correlated to postprandial glucose levels than fasting 
plasma glucose, with moderate correlation (r= 0.604 vs.0.575). The 
nding of postprandial glucose levels being better correlated to 
HbA1C than fasting glucose levels are supported by the study of 

11 12Avignon et al Soonthornpun et al  also concluded that strong 
correlation with HbAlc value was seen with 2-hour postprandial PG 
(r=O.51) for near normal FPG (FPG < 7.8 mmollL).

In our study linear regression analysis reveled that RBS independently 
associated with HbA1C. Multiple linear regression analysis done by M 

10Rosediani, MMed et al  demonstrated that post lunch plasma glucose 
and extended post lunch plasma glucose correlated signicantly and 
independently with HbA1C, but the pre-breakfast plasma glucose and 

13pre lunch plasma glucose did not.Bastyretal  also reported similar 
ndings with stronger correlation of 2-hour postprandial blood 
glucose with HbA1C. (r=0.400,p<0.001).

Our study shows that there is no correlation between haemoglobin in 2 
groups and it is not statistically signicant butcontrast to our data, 

14study done by Jéssica Barbieri, et al  It was observed that there are 
decreased values of hemoglobin, hematocrit, and red blood cells in 
anemic patients, which can be associated with a normocytic 
normochromic anemia, characteristic of an anemia of chronic disease 
(ACD) in type 2 diabetes patients. A retrospective study done by Yang, 

12J et al in a cohort of patients with T2DM suggested that a lower level 
of Hb was associated with an increased risk of diabetic complications.

CONCLUSION:
In our study neutrophils lymphocytes ratio of uncontrolled group was 
signicantly higher than that of controlled group. Results of our study 
showed that as HbA1C levels increasing, neutrophils levels also 
increases with decrease of lymphocytes in most of the uncontrolled 
group patients. Some of the uncontrolled group patients also showed  
increased level of WBC as HbA1C level increases, so considering 
above all ndings we conclude that N/L Ratio gives us very good and 
similar results to know the early complications of uncontrolled 
diabetic patients and it will be helpful to get good clinical outcome.
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