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ABSTRACT

Introduction: Neutrophil Lymphocyte Ratio (NLR) is a novel
marker of chronic inflammation that exhibits a balance of two
interdependent components of the immune system and can be
used to predict microvascular complications in diabetes.

Aim: To study the NLR in type 2 diabetes patients and its
association with microvascular complications in these patients.

Materials and Methods: This was a cross-sectional study
conducted over 18 months at Safdarjung Hospital, New Delhi.
Eighty patients of type 2 Diabetes Mellitus (DM) were selected for
the study. Detailed history was taken including duration of DM,
symptoms suggestive of any complications or co-morbidity and
treatment history. Physical examination (height and weight) and
systemic examination was performed to check for presence of
any diabetic complications. NLR was obtained from the complete
blood counts by dividing the absolute number of neutrophils
to the absolute number of lymphocytes. Data recorded were

INTRODUCTION

India is home to 69.1 million people with DM and is estimated to
have the second highest number of cases of DM in the world after
China [1]. Type 2 DM due to insulin resistance and an inadequate
compensatory insulin  secretion, accounts for 90% of all the
diabetic cases globally [2]. The microvascular complications of
diabetes are retinopathy, nephropathy and neuropathy. Although
chronic hyperglycaemia is an important etiological factor leading
to complications of DM, the mechanism by which it leads to such
diverse cellular and organ dysfunction is still unknown [3]. Glycated
proteins cause damage to cells and impair their function, which
induces the production of inflammatory cytokines like CRP, Tumour
Necrosis Factor-alpha (TNF-a), Interleukin-6 (IL-6) and free radicals.
Activation of inflammatory processes appear to be one of the major
mechanisms responsible for vascular damage leading to clinically
well recognised complications of DM [4].

Number of leukocytes in the circulation change during the inflammatory
response; neutrophilia is associated with relative lymphopenia [5]. An
index has thus been subsequently generated to reflect both neutrophilia,
which accompanies the acute state of inflamsmation, and lymphopenia,
whichis aresponse to physiological stress. This index, whichis the NLR,
has been demonstrated to be a reliable indicator of the inflammatory
status [6]. NLR is a novel marker of chronic inflammation that exhibits
a balance of two interdependent components of the immune system;
neutrophils, which mediate the first line of inflammatory defense,
whereas lymphocytes are the regulatory and protective component of
inflammeation [7]. NLR has proven its usefulness in the stratification of
mortality in major cardiac events and as a strong prognostic factor in
several types of cancers [8,9].
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analysed using Statistical Package for Social Sciences (SPSS)
software version 21.0 Logistic regression analysis and Receiver
Operating Curve (ROC) curve were used.

Results: Total 38.7% (31) of the patients had high NLR, with
mean+Standard Deviation (SD) of NLR being 3.29+1.49. There
was a statistically significant association between poorly controlled
diabetes HbA1C >7%, high-sensitivity C-Reactive Protein (hs-CRP)
levels and NLR. NLR was found to be the best predictor of diabetic
neuropathy and diabetic nephropathy. NLR was also significantly
higher in DM patient having more than one microvascular
complication.

Conclusion: NLR can be used as a simple parameter to predict
presence of diabetic microvascular complications. Thus, an early
diagnosis and subsequently targeting inflammatory pathways
could possibly be a component of the strategies to prevent and
control diabetes related complications.

Keywords: Inflammation, Nephropathy, Neuropathy

Recent studies have shown that NLR was significantly higher in type 2
DM patients with microvascular complications as compared to those
without these complications [10-12]. Thus, due to its easy availability
and inexpensive method of determination, NLR is emerging as a simple
parameter to assess inflammatory status of a patient as compared
to estimation of IL-1, IL-6, TNF-a, etc., which are expensive and
cumbersome. Most of the studies have shown NLR association with
individual microvascular complications in diabetes and also have not
taken into account the cumulative effect of all the three microvascular
complications. Thus, this study has been undertaken to evaluate
NLR and its correclation with microvascular complications in type 2
diabetic patients.

MATERIALS AND METHODS

This cross-sectional study was conducted over a period of 18 months
from November 2017 to April 2019 at Safdarjung Hospital, New Delhi,
India. Eighty patients of type 2 DM who fuffilled the inclusion criteria
were selected for the study.

Consent was taken from the patients after mentioning both verbally
and in writing the purpose of the study, the study procedure,
maintaining their confidentiality and their right to refuse participation
and/or withdrawal from the study at any stage. Institutional Ethics
Committee clearance was also obtained (IEC No.- 2017-099).

Sample size calculation: Relation of NLR to microvascular
complications of DM was studied by Srinivas B et al., [13]. The study
observed the sensitivity and specificity of NLR for assessment of
microvascular complication to be 71.43% and 78.95%, respectively
and out of 40 cases, 21 cases had microvascular complications.
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Taking these values as reference, the minimum required sample size
with desired precision of 15% and 5% level of significance was 67
patients. To reduce margin of error, total sample size taken was 80.

Inclusion criteria: Patients with type 2 DM, both male and female,
above the age of 30 years were selected for the study.

Exclusion criteria: Type 2 DM patients with any of the following
conditions: history of any infectious disease within the past one
week; any non infectious immunological disease; significant smoking
history; Body Mass Index (BMI) >30 kg/m?; coronary artery disease;
heart failure; malignancy; pregnancy were excluded from the study.

Study Procedure

Detailed history was taken including duration of DM, symptoms
suggestive of any complications or co-morbidity and complete
treatment history. Complete physical examination was done including
measurement of height, weight, BMI and detailed systemic examination
was performed for the presence of any diabetic complications.
Criteria for diagnosing DM in the study was Fasting Plasma Glucose
of >7 mmol/L (126 mg/dL) or two hour post prandial blood glucose
>11.1 mmol/L (200 mg/dL) or Glycosylated haemoglobin (HbA1c)
>6.5% [3]. In these patients, a random spot urine test with protein
creatinine ratio of more than 30 unit on two or more occasions
three months apart was defined as diabetic nephropathy [3]. For
suspected diabetic neuropathy, 10 gm monofilament test was
performed to check for sensation and any abnormality was confirmed
with Nerve Conduction Velocity (NCV) test [14]. Diabetic retinopathy
was screened by fundus examination after dilation with a mydriatic
and classified into Non Proliferative Diabetic Retinopathy (NPDR),
Proliferative Diabetic Retinopathy (PDR) and macular oedema [15].
Data were recorded in a proforma designed for the study. Routine
investigations were performed for these patients - fasting blood sugar
levels, postprandial blood sugar levels, HbA1c was measured using
A1C Now+®, kidney function tests, liver function tests, serum lipid
profile, highly sensitive C-Reactive Protein (Hs-CRP), urine routine
and microscopy, urinary albumin excretion was determined using
MICRAL-TEST®, fundus examination, electrocardiogram, chest X-ray,
NCV (whenever indicated).

Complete blood count with Erythrocyte Sedimentation Rate (ESR),
including haemoglobin, total leukocyte count, Differential Leukocyte
Count (DLC) and platelet count were measured using automated
analyser Sysmex XT-2000i.

The NLR was obtained from the complete blood counts by dividing
the absolute number of neutrophils to the absolute number of
lymphocytes. A cut-off NLR value of more than 3.53 was considered
to be high [16].

STATISTICAL ANALYSIS

The data was entered in Microsoft excel spreadsheet and analysis
was done using Statistical Package for Social Sciences (SPSS)
version 21.0. Categorical variables were presented as number
and percentage (%) and continuous variables were presented as
mean=SD and median. Normality of data was tested by Kolmogorov-
Smirnov test. The normality was rejected and non parametric tests
were used. Quantitative variables were compared using Independent
t-test/Mann-Whitney Test between the two groups. Qualitative
variables were correclated using Chi-Square test/Fisher’s-Exact
test. Spearman rank correlation coefficient was used to assess the
association of various parameters with NLR. Receiver operating
characteristic curve was used to find out cut-off point of parameters
for predicting various microvascular complications. A p-value of <0.05
was considered statistically significant.

RESULTS

Amongst 80 patients, 47 (58.8%) were male and 33 (41.2%)
were female. Minimum age of study population was 37 years and
maximum was 84 years. Mean age (SD) was 59.89 (10.9) years.
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Mean (SD) duration of diabetes was 8.62 (5.33) years, 54 (67.5%)
patients had poor glycaemic control (HbA1c >7%), mean (SD)
HbA1c was 7.1% (1.1%). Total 45% patients had high hs-CRP
>3 mg/L indicating high state of inflammation. The mean (SD) hs-
CRP value was 5.135 mg/L (4.46 mg/L).

Microvascular complications were found in 68.75% of patients
[Table/Fig-1]. Distribution of microvascular complications in study
subjects is demonstrated in [Table/Fig-2]. Out of 39 patients having
nephropathy, 30 had microalbuminuria and 9 had macroalbuminuria.
NPDR was present in 15 patients, 9 patients had NPDR with
macular oedema, while 8 patients had PDR. Out of 23 patients
with diabetic neuropathy, 5 had autonomic neuropathy while the
rest had polyneuropathy. A total of 38.7% patients had high NLR
[Table/Fig-3]. Mean NLR was 3.29+1.49. There was a statistically
significant association between poorly controlled diabetes HbA1C
>7% and high NLR (p-value of 0.012). A significant positive
correlation was also found between high NLR levels and high
HsCRP levels (p-value 0.01). There was no correlation between
high NLR with age of these patients and duration of diabetes.
High NLR was significantly associated with diabetic nephropathy
[Table/Fig-4] and neuropathy [Table/Fig-5], but was not associated
with retinopathy [Table/Fig-6]. There was a statistically significant
association of high NLR with the presence of all three microvascular
complications together in these diabetic patients [Table/Fig-7].

Microvascular complications | No. of study subjects Percentage (%)
No 25 31.25
Yes 55 68.75
Total 80 100.00

[Table/Fig-1]: Microvascular complications of study subjects.

[Table/Fig-2]: Distribution of microvascular complications in study subjects.

NLR No. of study subjects Percentage (%)
High 31 38.75
Normal 49 61.25
Total 80 100.00

[Table/Fig-3]: Neutrophil lymphocyte ratio of study subjects.

Logistic regression analysis revealed NLR to be the best predictor
of diabetic neuropathy followed by diabetic nephropathy [Table/
Fig-8]. The values of area under curve derived from ROC curve for,
diabetic nephropathy [Table/Fig-9], diabetic retinopathy [Table/Fig-
10], and diabetic neuropathy [Table/Fig-11] were 0.668 (95% CI of
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31 (100.00%)

49 (100.00%)

80 (100.00%)

[Table/Fig-4]: NLR in patients with diabetic nephropathy.
p-value was calculated using chi square test

. . . NLR
Diabetics with
nephropathy High Normal Total p-value
No 10 (32.26%) | 31 (63.27%) 41 (51.25%)
Yes 21 (67.74%) | 18 (36.73%) 39 (48.75%) 0.007

[Table/Fig-5]: NLR in patients with diabetic neuropathy.

p-value was calculated using chi square test

Diabetics with NLA

neuropathy High Normal Total p-value
No 16 (561.61%) 41 (83.67%) 57 (71.25%)

Yes 15 (48.39%) 08 (16.33%) 23 (28.75%) 0.002
Total 31 (100.00%) 49 (100.00%) 80 (100.00%)

NLR

Sensitivity

100-Specificity

p-value was calculated using chi square test

[Table/Fig-6]: NLR in patients with diabetic retinopathy.

Diabetics with NLR

retinopathy High Normal Total p-value
No 15 (48.39%) 33 (67.35%) 48 (60.00%)

Yes 16 (561.61%) 16 (32.65%) 32 (40.00%) 0.09
Total 31 (100.00%) 49 (100.00%) | 80 (100.00%)

[Table/Fig-10]: ROC curve predicting diabetic retinopathy with NLR.

For Diabetic retinopathy, NLR had an area under the receiver operating characteristic curve of 0.578
(95% CI: 0.462 to 0.687; p-0.2475). A NLR cut off value of 3.65 had a sensitivity and specificity of
69.24% and 77.61%, respectively, in predicting diabetic retinopathy in our study population

p-value was calculated using chi square test

Diabetics with NLR

neuropathy, retinopathy p-
and nephropathy High Normal Total value
No 24 (77.42%) 47 (95.92%) 71(88.75%)

Yes 07 (22.58%) 02 (4.08%) 09 (11.25%) | 0.024
Total 31 (100.00%) | 49 (100.00%) | 80 (100.00%)

[Table/Fig-7]: NLR in patients with diabetic retinopathy, neuropathy and nephropathy.

95% CI for odds ratio

Sensitivity

100-S pecificity

Variables B S.E p-value | Odds ratio Lower | Upper
Diabetic nephropathy

NLR | 0.410 | 0.175 | 0.019 | 1.507 | 1.070 | 2124
Diabetic retinopathy

NLR | 0.160 | 0.155 | 0.303 | 1.173 | 0.866 | 1.589
Diabetic neuropathy

NLR 0.627 | 0.195 | 0.001 1.871 1.276 2.744

[Table/Fig-8]: Logistic regression analysis of NLR with diabetic nephropathy,
retinopathy and neuropathy.
Where B stands for unstandarised beta and represents the slope between predictor; dependent

variable predictor is the NLR; dependent variable is the individual microvascular complications;
SE stands for Standard error of the regression (represents how much the variable is spread from

the regression line)

Sensitivity

60 80

100-Specificity

[Table/Fig-9]: ROC curve predicting diabetic nephropathy with NLR.

100

A NLR cut-off value of 2.44 had a sensitivity and specificity of 84.62% and 48.78%, respectively,
in predicting diabetic nephropathy
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[Table/Fig-11]: ROC curve predicting diabetic neuropathy with NLR.

A NLR cut-off value of 4 had a sensitivity and specificity of 56.52% and 87.72%, respectively, in
predicting diabetic neuropathy

0.554 to 0.769, p-value 0.0062), 0.578 (95% Cl: 0.462 to 0.687,
p-value 0.2475) and 0.718 (95% ClI: 0.606 to 0.813, p-value 0.0019),
respectively. Thus, it can be seen that the strongest association was
seen between NLR and diabetic neuropathy.

DISCUSSION

Hyperglycaemia in diabetes leads to generation of glycated proteins
which damage the cells in various ways, including impaired cellular
function, and subsequently induces the production of inflammatory
cytokines like CRP, TNF-a., IL-6, etc., [3]. This inflammation contributes
to development of microvascular complications. NLR is an inexpensive
and easily available marker to assess the inflammatory status in
these patients. This study was conducted to assess NLR in diabetic
patients and its correlation with age, duration of diabetes, HbA1c and
microvascular complications. The statistically significant association
found between high NLR and high HbA1c could be corroborated with
thefactthat maintaining a good HbA1c can helpinreducing inflammation
in diabetes and subsequent microvascular complications.

In this study, out of 39 patients with nephropathy, 53.84% had a
high NLR and this correlation was found to be statistically significant.
A study by Zhang J et al., found increased NLR to be associated
with worsening renal function and corresponded with increased
severity of histological lesions in patients with diabetic nephropathy
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[17]. Indian studies by Khandare SA et al., and Chittawar S et al.,
also found high NLR values to be significantly associated with
diabetic nephropathy. Inflammatory and oxidative pathways lead
to intraglomerular haemodynamic abnormalities, alteration of
extracellular matrix and glomerular basement membrane ultimately
leading to development of diabetic nephropathy [12,18].

Amongst 32 patients with diabetic retinopathy 50% had a high
NLR. No statistically significant association was found between
diabetic retinopathy and high NLR in the study. Similarly, a study
conducted by Ciray H et al., also showed no significant association
of high NLR between diabetics having retinopathy and those without
retinopathy [19]. In contrast Ulu SM et al., demonstrated NLR to be
a quick and reliable prognostic marker for diabetic retinopathy and
its severity [20]. The exact reason behind the contrasting findings in
these studies are not known but may be due to variations in baseline
glycaemic status of the study population.

In this study, out of 23 diabetics with neuropathy, 65.21% had a high
NLR. A highly significant correlation was found between high NLR
and diabetic neuropathy. Moursy EY et al., also found a significant
association between high NLR and diabetic neuropathy [10]. A
study by Xu T et al., showed that diabetic peripheral neuropathy was

www.jcdr.net

REFERENCES

01

[2]
[31

[41
[5]
[6]

[71

[8]

[9]

Saeedi P, Petersohn |, Salpea P, Malanda B, Karuranga S, Unwin N, et al.
Diabetes Atlas Committee. Global and regional diabetes prevalence estimates
for 2019 and projections for 2030 and 2045: Results from the International
Diabetes Federation Diabetes Atlas. Diabetes Research and Clinical Practice.
2019;157:107843.

Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes
for 2010 and 2030. Diabetes Res Clin Pract. 2010;87:04-14.

Longo DL, Fauci AS, Kasper DL, Hauser SL, Jameson JL, Loscalzo J. Harrison’s
principle of internal medicine. 20" edition. United States: Mcgraw Hill:2018. In
Chapter 398, Powers AC. Diabetes Mellitus; 2875-83.

Williams MD, Ndler JL. Inflammatory mechanisms of diabetic complications. Curr
Diab Rep. 2007;7:242-48.

Von SV, Ley K. Homeostatic regulation of blood neutrophil counts. J Immunol.
2008;181:5183-88.

Gibson PH, Cuthbertson BH, Croal BL, Rae D, El Shafei, Gibson G, et al.
Usefulness of neutrophil/lymphocyte ratio as predictor of new-onset atrial
fibrillation after coronary artery bypass grafting. Am J Cardiol. 2010;105:186-89.
Bhutta H, Agha R, Wong J, Tang TY, Wilson YG, Walsh SR. Neutrophil-
lymphocyte ratio predicts medium-term survival following elective major vascular
surgery: A cross-sectional study. Vasc Endovasc Surg. 2011;45:227-31.

Wei B, Yao M, Xing C, Wang W, Yao J, Hong Y, et al. The neutrophil lymphocyte
ratio is associated with breast cancer prognosis: An updated systematic review
and meta-analysis. Onco Targets Ther. 2016;9:5567-75.

Azab B, Chainani V, Shah N, McGinn JT. Neutrophil-lymphocyte ratio as a
predictor of major adverse cardiac events among diabetic population: A 4-year
follow-up study. Angiology. 2012;6:456-65.

significantly associated with high NLR [21]. Ischemic reperfusion ~ [101 Moursy Y Megalaa MH, Mouftah AF, Anmed SM. Reiationship between
L ) . . ) . . . neutrophil lymphocyte ratio and microvascular complications in Egyptian patients
injury induced inflammatory response in diabetic nerves is believed with type 2 diabetes. Am J Int Med. 2015:3:250-55.
to be responsible for the pathogenesis of diabetic neuropathy  [11] Huang W, Huang J, Liu Q, Lin F, He Z, Zeng Z, et al. Neutrophil-lymphocyte
[12]. In diabetics having all the three microvascular complications, VE@‘TS is a lreo”af'goegegigtgggfggrker for early-stage diabetic nephropathy. Ciin
N . . I naocrinol OXI. ) . -00.
77.77% of 9 patlfenlts had 'a hlgh NLR and this asslouatlon WaS aI|SO [12] Khandare SA, Chittawar S, Nahar N, Dubey TN, Qureshi Z. Study of neutrophil-
found to be statistically significant. From regression analysis, high lymphocyte ratio as novel marker for diabetic nephropathy in type 2 diabetes.
NLR was found to be the best predictor for diabetic neuropathy Indian J Endocrinol Metab. 2017;21:387-92.
followed by diabetic nephropathy. [13] Srinivas B, Maldar A, Bellad A, Mukhi N. Relation of neutrophilic lymphocyte
ratio to microvascular complications of diabetes mellitus. Int J Health Sci Res.
2015;5:34-38.
Limitation(s) [14] Zakin E, Abrams R, Simpson DM. Diabetic Neuropathy. Semin Neurol.
This study is limited by the fact that it was cross-sectional without 2019;39:560-69.
. [15] Krause J, Gulshan V, Rahimy E, Karth P, Widner K, Corrado GS, et al. Grader
any fOllOW-Up of the StUdy SUbJeCtS' variability and the importance of reference standards for evaluating machine
learning models for diabetic retinopathy. Opthalmology. 2018;125:1264-72.
CONCLUSION(S) [16] Forget P, Khalifa C, Defour JP, Latinne D, Van Pel MC, De Kock M. What is the
. . . . . normal value of neutrophil-to-lymphocyte ratio? BMC Res Notes. 2017;10:12-14.
It is C':Iealr tha't hlgh NLR qu associated with mlcrovasgular [17] Zhang J, Zhang R, Wang Y, Wu Y, Li H, Han Q, et al. Effects of neutrophil-
complications in type 2 DM patients and can be used as a reliable lymphocyte ratio on renal function and histologic lesions in patients with diabetic
predictor. It can be a cheaper and simpler alternative to IL-6, TNF-a nephropathy. Nephrology. 2019;24(11):1115-21.
and Hs-CRP for assessing inflammation in diabetic patients. To ~ [18] Fhi“iwa;ts' DtF‘“"i‘ b, Q“relshi l,Z';Ufa”Z ,V'tKha?darehS' Di‘:ey Tt’,\‘- Ne;‘;mph‘;
. ) . ) lymphocyte ratio is a novel reliable predictor of nephropathy, retinopathy, an
the best of our knOW|edge this is the first Indian SJEUdy to find NLR coronary artery disease in Indians with type-2 diabetes. Indian J Endocrinol
as an independent predictor of diabetic neuropathy and also to Metab. 2017;21:864-70.
study the correlation of NLR in diabetics having more than one  [19] Ciray H, Aksoy AH, Ulu N, Cizmecioglu A, Gaipov A, Solak Y. Nephropathy,
; ; : but not angiographically proven retinopathy, is associated with neutrophil to
microvascular compllca‘mons. lymphocyte ratio in patients with type 2 diabetes. Exp Clin Endocrinol Diabetes.
Based on the findings of this study, NLR offers a relatively simpler tool 2015;123:267-71.
for predicting future development of microvascular complications in ~ [20] Ui SM, Dogan M, Ahsen A, Altug A, Demir K, Acartlrk G, et al. Neutrophil-
) . ) ) to-lymphocyte ratio as a quick and reliable predictive marker to diagnose the
diabetes patlents. Such patlents can be screened more GXtenSNely severity of diabetic retinopathy. Diabetes Technol Ther. 2013;15:942-47.
and frequently. Early diagnosis and subsequently targeting —[21] Xu T, Weng Z, Pei C, Yu S, Chen Y, Guo W, et al. The relationship between

inflammatory pathways could possibly be a component of the
strategies to prevent and control diabetes related complications.

neutrophil-to-lymphocyte ratio and diabetic peripheral neuropathy in Type 2
diabetes mellitus. Medicine. 2017;96:82-89

PARTICULARS OF CONTRIBUTORS:

1. Senior Resident, Department of Nephrology, VMMC and Safdarjung Hospital, Delhi, India.
2. Professor, Department of Internal Medicine, VMMC and Safdarjung Hospital, Delhi, India.
3. Associate Professor and Head, Department of Nephrology, VMMC and Safdarjung Hospital, Delhi, India.
4. Senior Resident, Department of Nephrology, VMMC and Safdarjung Hospital, Delhi, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Himanshu Verma,

Associate Professor and Head, Department of Nephrology, VMMC and Safdarjung
Hospital, Delhi, India.

E-mail: himanshu.verma16@gmail.com

AUTHOR DECLARATION:

e Financial or Other Competing Interests: None

e Was Ethics Committee Approval obtained for this study? Yes

¢ Was informed consent obtained from the subjects involved in the study? Yes

e For any images presented appropriate consent has been obtained from the subjects.

PLAGIARISM CHECKING METHODS: tantetal

ETYMOLOGY: Author Origin

e Plagiarism X-checker: Oct 14, 2020
* Manual Googling: Mar 22, 2021
o iThenticate Software: May 29, 2021 (24%)

NA

Date of Submission: Oct 13, 2020
Date of Peer Review: Dec 07, 2020
Date of Acceptance: Apr 19, 2021
Date of Publishing: Aug 01, 2021

Journal of Clinical and Diagnostic Research. 2021 Aug, Vol-15(8): OC59-0C62


http://europeanscienceediting.eu/wp-content/uploads/2016/11/ESENov16_origart.pdf

