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INTRODUCTION

Diabetes mellitus is a chronic metabolic disorder
increasing global

with a rapidly

ABSTRACT

Background: Diabetes mellitus is a chronic metabolic disorder with a rapidly
increasing prevalence and is associated with significant microvascular
complications such as retinopathy, nephropathy, and neuropathy. Chronic
hyperglycemia induces inflammation and endothelial dysfunction, contributing
to vascular damage. The neutrophil-to-lymphocyte ratio (NLR), a simple
inflammatory marker, may help in early risk stratification. This study aimed to
evaluate the association between NLR and the presence and severity of
microvascular complications in diabetic patients.

Materials and Methods: A cross-sectional observational study was
conducted on 160 patients with type 2 diabetes mellitus at a tertiary care
center. Patients were divided into two groups: with and without microvascular
complications. NLR was calculated from complete blood count and a value of
>3.53 was considered significant. Microvascular complications were assessed
using fundoscopic examination (retinopathy), Neuropathy was assessed using
vibration perception with a 128-Hz tuning fork and a 10-g Semmes-Weinstein
monofilament, applied at nine different plantar sites, and urine albumin along
with renal function tests (nephropathy).

Results: Among the study population (n=160), patients with microvascular
complications showed significantly higher NLR values compared to those
without complications. Elevated NLR (>3.53) was more frequently observed
in patients with complications. Previous comparable observations cited in the
study showed that 58.6% of patients with complications had elevated NLR
compared to 33.3% without complications (p<0.012), indicating a significant
association. Higher NLR levels were also found to correlate with increasing
severity —of diabetic  retinopathy, progression of  nephropathy
(microalbuminuria to macroalbuminuria), and presence of neuropathy.
Conclusion: NLR is a simple, cost-effective, and reliable marker that
correlates significantly with microvascular complications in diabetes mellitus.
It can be used as an early screening and prognostic tool for early identification,
risk stratification, and monitoring of complications in patients with diabetes
mellitus.

Keywords: Diabetes Mellitus, Neutrophil-Lymphocyte Ratio, Microvascular
Complications, Retinopathy, Nephropathy, Neuropathy

projected to reach 7,079 per 100,000 individuals by
2030, and is responsible for approximately 6.7
million deaths annually due to its complications.*?l

prevalence, Persistent hyperglycemia leads to the formation of
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advanced glycation end products, resulting in

endothelial dysfunction and vascular damage.

Microvascular  complications—namely  diabetic

retinopathy, nephropathy, and neuropathy—are

major causes of morbidity, significantly affecting
quality of life and increasing healthcare burden.!

Chronic low-grade inflammation plays a crucial role

in the pathogenesis of these complications. The

neutrophil-to-lymphocyte ratio (NLR), derived from

routine complete blood count, has emerged as a

simple, inexpensive, and reliable marker of systemic

inflammation. Elevated neutrophil counts reflect
inflammatory  activation, while lymphopenia
indicates stress-related immune suppression, making

NLR a combined indicator of immune response. !

Several studies have demonstrated higher NLR

levels in diabetic patients with microvascular

complications compared to those without,
suggesting its potential role in early risk
stratification. However, variability in study findings
and lack of standardized cut-off values limit its

routine clinical application.[" 8

Therefore, evaluating NLR as a cost-effective

biomarker may aid in early detection and better

management of microvascular complications in
diabetes mellitus.

Aim and Objectives

Aim:

To evaluate the association of neutrophil-to-

lymphocyte ratio (NLR) with the presence and

severity of microvascular complications in patients
with diabetes mellitus.

Objectives:

1. To determine NLR in patients with diabetes
mellitus and compare it between patients with
and without microvascular complications
(retinopathy, nephropathy, neuropathy).

2. To assess the correlation between NLR values
and the severity of individual microvascular
complications using clinical and laboratory
parameters.

MATERIALS AND METHODS

This cross-sectional observational study was
conducted in the Department of Medicine at Shyam
Shah Medical College and Sanjay Gandhi Memorial

Hospital, Rewa (Madhya Pradesh), after obtaining
approval from the Institutional Ethics Committee.
The study was carried out over a period of one year.
A total of 160 patients diagnosed with type 2
diabetes mellitus were included in the study.
Patients were recruited from both outpatient (OPD)
and inpatient (IPD) services and were divided into
two groups: Group A (patients with microvascular
complications) and Group B (patients without
microvascular complications). Written informed
consent was obtained from all participants prior to
enrollment.

Inclusion criteria included patients aged >18 years
with diagnosed diabetes mellitus who consented to
participate. Exclusion criteria comprised pregnant
women, patients with malignancy, autoimmune
diseases, or recent infections.

A detailed clinical history and examination were
performed. Laboratory investigations included
fasting and postprandial blood glucose, HbAlc,
renal function tests, and complete blood count. The
neutrophil-to-lymphocyte  ratio  (NLR)  was
calculated by dividing absolute neutrophil count by
absolute lymphocyte count, with NLR >3.53
considered significant.

Microvascular complications were assessed as
follows: diabetic retinopathy was evaluated by
fundoscopic examination and graded using ETDRS
criteria; diabetic neuropathy was diagnosed using
clinical examination and sensory testing including
monofilament and vibration perception; clinical
sensory tests vibration perception test using a 128-
Hz tuning fork 10-gram Semmes-Weinstein
monofilament test, applied at nine different plantar
sites (neuropathy) and diabetic nephropathy was
assessed by urine albumin estimation and renal
function tests, categorized into microalbuminuria
and macroalbuminuria.

Data were collected using a predesigned proforma
and analyzed using SPSS version 20. Quantitative
variables were expressed as mean =+ standard
deviation, while categorical variables were
presented as frequencies and percentages.
Independent t-test and Chi-square test were applied
as appropriate, and logistic regression analysis was
used to determine associations. A p-value <0.05 was
considered statistically significant.

RESULTS

Table 1: Baseline Characteristics and Study Distribution (n=160)

Parameter With Complications (n=102) Without Complications (n=58) p-value
Percentage (%) 63.8% 36.2% —
Age (Mean + SD) 57.06 + 13.20 55.12 + 14.08 0.3847

Table 2: Demographic and Clinical Factors Associated with NLR

Parameter High NLR (n=96) Normal NLR (n=64) p-value
Male 54 (56.25%) 37 (57.81%) 0.8455
Female 42 (43.75%) 27 (42.19%)

HbAlc <7 15 (15.62%) 22 (34.37%) <0.0013
HbAlc 7-9 39 (40.63%) 30 (46.87%)

HbAlc >9 42 (43.75%) 12 (18.75%)
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Duration >10 yrs 58 (60.42%) 18 (28.12%) < 0.0001

BMI >25 56 (58.33%) 22 (34.37%) <0.001

Table 3: Association of NLR with Overall Microvascular Complications

Microvascular Complications | High NLR Normal NLR Total p-value

Present 81 (84.38%) 21 (32.81%) 102 <0.0001

Absent 15 (15.63%) 43 (67.19%) 58

Total 96 64 160

Table 4: Association of NLR with Individual Microvascular Complications

Complication High NLR Normal NLR p-value

Nephropathy 58 (60.41%) 14 (21.87%) <0.0001

Neuropathy 54 (56.25%) 14 (21.87%) <0.0001

Retinopathy 52 (54.16%) 12 (18.75%) <0.0001

Table 5: Severity of Microvascular Complications and NLR

A. Nephropathy Severity (n=72)

Parameter High NLR Normal NLR p-value

Microalbuminuria 25 (43.10%) 9 (64.28%) <0.0001

Macroalbuminuria 33 (56.90%) 5 (35.72%)

B: Retinopathy Severity (n=64)

Stage High NLR Normal NLR p-value

Mild NPDR 19.23% 61.53% 0.0188

Moderate NPDR 28.84% 23.07%

Severe NPDR 23.07% 7.69%

PDR 28.84% 7.69%

Table 6A: Association of NLR with Presence of All Three Microvascular Complications

NLR Category All Three Complications | All  Three  Complications | Total p-value
Present Absent

High NLR (n=96) 26 (27.08%) 70 (72.92%) 9 0.003

Normal NLR (n=64) 4 (6.25%) 60 (93.75%) 64

Total (n=160) 30 (18.75%) 130 (81.25%) 160

Table 6B: Association Between Diabetic Retinopathy and Nephropathy

Diabetic Retinopathy Nephropathy Present Nephropathy Absent Total p-value

Present 50 (69.44%) 14 (15.90%) 64 (40.0%)

Absent 22 (30.56%) 74 (83.10%) 96 (60.0%)

Total 72 (100%) 88 (100%) 160 <0.0001

Table 6C: Summary of Combined Microvascular Burden Across NLR Groups

Parameter

High NLR (n=96)

Normal NLR (n=64)

Any complication present

81 (84.38%)

21 (32.81%)

All three complications

26 (27.08%)

4 (6.25%)

Multiple (>2) complications (approx.)

Higher prevalence

Lower prevalence

DISCUSSION

In the present study [Table 1], 63.8% of patients had
microvascular complications, indicating a high
disease burden. The mean age of patients with
complications (57.06 + 13.20 years) was
comparable to those without complications (55.12 +
14.08 vyears), with no statistically significant
difference (p=0.3847). Similar findings were
reported by Venguidesvarane AG et al,[® Shera AS
et al,l*% and Agrawal RP et al,[*Y who observed no
significant  association  between age and
microvascular complications. Likewise,
Kamalarathnam SR et al,*? and Karthiksaravanan K
et all® also demonstrated comparable age
distribution between groups. Thus, the present study
suggests that age alone may not be an independent

determinant of microvascular complications in
diabetes mellitus. [Table 1]

As shown in [Table 2], gender distribution was
similar across NLR categories (p = 0.8455),
indicating no association between gender and NLR
levels. Comparable findings were reported by
Mahajan M et al,’®l Wan H et al,*4 and Li L et al,[*%
who found no significant gender-based differences
in NLR. Chittawar S et al.16 also highlighted NLR
as an independent marker unaffected by
demographic  variables. However, a strong
association was observed between NLR and
glycemic control, duration of diabetes, and BMI.
Patients with HbAlc >9% (43.75%), longer disease
duration (>10 years, 60.42%), and obesity (58.33%)
had significantly higher NLR (p < 0.001). These
findings are consistent with studies by Dayama N et
al,l'1 Upadhyayula SK et al,[l and Subramani M et
al,I! who reported significantly elevated NLR in
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poorly controlled diabetes. Similarly, Bhattacharyya
S et al,t® and Fawwad A et al,**! demonstrated
higher NLR in patients with longer duration and
higher BMI. [Table 2]

[Table 3] shows a highly significant association
between elevated NLR and microvascular
complications (p < 0.0001). Among patients with
complications, 84.38% had high NLR compared to
32.81% with normal NLR. Similar observations
were reported by Bhattacharyya S et al,[*® Fawwad
A et all® and Moursy EY et all?! who
demonstrated significantly higher NLR levels in
patients with diabetic complications. Wan H et al,[l
further showed increased odds of complications in
higher NLR quartiles. These findings confirm that
NLR is a strong inflammatory marker associated
with microvascular complications.

All three complications—nephropathy, neuropathy,
and retinopathy—uwere significantly associated with
elevated NLR (p < 0.0001). For nephropathy,
findings were consistent with Chittawar S et al,[¢]
Singh A et al,?l and Murughesh ME et al,?d who
reported significantly higher NLR in affected
patients. For neuropathy, studies by Garg R et al,[%]
and Rezaei Shahrabi A et al,’?*] demonstrated similar
elevations in NLR among neuropathy patients. For
retinopathy, comparable results were reported by
Abdullah M et al,® Tang Y et all®l and
Rajendrakumar AL et al,ll confirming a strong
association between inflammation and retinal
damage. Thus, elevated NLR reflects involvement
of individual microvascular beds. [Table 4]

[Table 5] demonstrates that higher NLR is
associated with increased severity of complications.
Macroalbuminuria was more common in high NLR
patients  (56.90%), while  microalbuminuria
predominated in normal NLR (p < 0.0001). Similar
findings were reported by Upadhyayula SK et al,!
Chollangi S et al,®! and Subramani M et al,’®! who
showed progressive increase in NLR with
worsening renal function. Regarding retinopathy
severity, advanced stages such as PDR and severe
NPDR were more common in high NLR patients (p
=0.0188). Abdullah M et al,’*®! also reported higher
NLR in proliferative stages, though variability in
statistical significance exists across studies. Thus,
NLR may reflect progression and severity of
microvascular damage. [Table 5]

[Table 6] highlights that 27.08% of high NLR
patients had all three complications compared to
only 6.25% in the normal NLR group (p = 0.003),
indicating a strong association between NLR and
cumulative disease burden. Similar findings were
reported by Gokul R et al,[® Sahi D et al,?l and
Mohammed AM et al,?®! who demonstrated higher
NLR in patients with multiple complications.
Additionally, a strong association was observed
between retinopathy and nephropathy (p < 0.0001),
suggesting coexistence of complications. This is
consistent with studies by Chittawar S et al,*
Fawwad A et al, and Moursy EY et al,?% who

reported overlapping microvascular involvement.
[Table 6]

CONCLUSION

The present study demonstrates that the neutrophil—
lymphocyte ratio (NLR) is a significant and reliable
marker of systemic inflammation in patients with
type 2 diabetes mellitus and is strongly associated
with microvascular complications. Elevated NLR
showed a significant correlation with the presence of
diabetic retinopathy, nephropathy, and neuropathy,
as well as their combined occurrence, indicating its
role as a marker of cumulative microvascular
disease burden. Higher NLR values were also
associated with poor glycemic control, longer
duration of diabetes, and increased body mass index,
reflecting an enhanced inflammatory state.
Additionally, NLR correlated with the severity of
complications, particularly diabetic nephropathy,
where  higher levels were linked  with
macroalbuminuria, while its association with
retinopathy  severity was less  consistent.
Demographic factors such as age and gender were
not significantly associated with NLR, suggesting its
independence as an inflammatory marker. Overall,
NLR, being a simple, cost-effective, and readily
available parameter, can serve as a useful tool for
early identification, risk stratification, and
monitoring of microvascular complications in
patients with diabetes mellitus, thereby aiding in
timely intervention and improved clinical outcomes.
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