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Its high value is a predictor of poor diabetic control. The aim of this study to
correlate between NLR, HbA1c and Lipid profile among diabetic population.
Materials and Methods: This present cross-sectional study was conducted on
total 440 subjects, out of which 220 type 2 diabetic patients as cases and 220
healthy controls. Venous blood collected in vial with EDTA as anticoagulant.
Glycosylated hemoglobin was measured using HbAZlc-Direct, Total WBC,
neutrophil, lymphocyte levels, Triglyceride, HDL, LDL and Total cholesterol
level were assessed. Correlation between two variables was analyzed using
Pearson correlation coefficient. A p value < 0.05 was taken as statistically
significant.

Results: The mean HbA1C was 4.07 in control and 8.41 in cases and the
difference was statistically significant p <0.05. The lipid profile (TC, LDL,
TG) was higher in cases as compared to control group & HDL was lower
value in cases as compared to control group, which was statistically significant
(P<0.001**) in our study. The strong positive correlation between HbAlc and
NLR of diabetic patients with a Pearson’s coefficient of correlation 0.454 and
p <0.05. There no significant correlation with ESR, TC, HDL, LDL, TG with
NLR as p value >0.05 which is statistically non-significant and there was
moderate positive correlation between HbAlc and NLR in newly and
previously diagnosed diabetic patients with p value <0.001.

Conclusion: We concluded that NLR can serve as a marker of long-term
diabetic control like glycosylated hemoglobin. NLR can guide the anti-diabetic
measures in the resource limited settings and resource limited country like
India.
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INTRODUCTION

The "Diabesity" epidemic (obesity and type 2
diabetes) is likely to be the biggest epidemic in
human history. Diabetes has been seriously
underrated as a global public health issue and the
world can no longer ignore "the rise and rise" of
diabetes.[l The global diabetes prevalence in 2023 is
estimated to be 9.3% (529 million people) which

denotes such a significant burden it causes on the
health.[

Type 2 diabetes, the most common form of the
disease, may remain undetected for many years and
its diagnosis is often made incidentally through an
abnormal blood or urine glucose test. It is a
multiorgan disease. Macrovascular complications
due to chronic hyperglycemia in diabetes are mainly
represented by atherosclerotic disease and its
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sequelae.®! Diabetes-related microvascular disease
such as retinopathy and nephropathy are major
causes of blindness and renal insufficiency.! Both
type 1 and type 2 diabetes are powerful and
independent risk factors for coronary artery disease
(CAD), stroke, and peripheral arterial disease.’™ The
emerging role of inflammation in diabetes
pathophysiology and associated metabolic disorders,
has generated increasing interest in targeting
inflammation to improve prevention and control of
the disease.®

After an extensive review of the possible
inflammatory mechanisms that drive the metabolic
pattern in Typel Diabetes and Type 2 Diabetes it
becomes clear that future research might be focusing
on a model of combined suppression for various
inflammatory response pathways. "]

One potential implication of the studies suggesting a
relation between inflammation and diabetes is that
inflammatory markers may be used to define
diabetes risk prediction and thus better target
individuals for lifestyle interventions.ll In another
study, authors studied associations of inflammatory
markers with the risk of major macrovascular events,
microvascular complications and mortality in
patients with type 2 diabetes.®! Concluding that
biomarkers of inflammation were associated with an
increased risk of macrovascular events and death in
analyses adjusted for age, sex, and treatment
groups.l

Synergistic effect of diabetes and inflammation
exists in promoting atherothrombosis and its
complications, as well as potential avenues for
diagnostic, preventive, and therapeutic benefits in the
modulation of inflammatory mechanisms in diabetic
atherothrombotic disease.[*%

Total leukocyte count increases significantly in
response to infection, inflammation, and certain
diseases. Factors affecting leukocyte count in healthy
adults include sex, hormonal milieu, genetic
inheritance, stress level, diet, nutrition, and lifestyle
(e.g. tobacco-induced inflammatory

changes, chronic psychological stress, etc.).ltt
Recent findings suggest that elevated leukocyte
count within the normal range, but especially
neutrophil and monocyte counts, may be a harbinger
of increased systemic inflammation and subclinical
disease.l* Remarkably, leukocyte count correlates
positively with genuine markers of systemic
inflammation like C-reactive protein and interleukin-
6.11 The estimated levels of markers like serum
ferritin, hs-CRP in type 2

diabetes mellitus was found to be significantly
augmented in type 2 diabetes mellitus subjects when
compared to control. Suggesting that inflammation
plays an important role in the pathogenesis of
diabetes and there is strong correlation between
inflammation and glycemic control in patient with
type 2 diabetes mellitus.[*)

NLR values have been used as an assessment tool of
level of glycemic control in type 2 diabetic
patients.*®! Its high value is a predictor of poor

diabetic control.’®1 When compared with other
inflammatory biomarkers e.g. ESR and CRP, ILS6,
Serum Ferritin. The Neutrophil-lymphocyte ratio
(NLR) is obtained from routine complete blood
count (CBC) test. When correlated with diabetic
glycemic control it serves as a cost-effective and
easily accessible indicator.

MATERIAL AND METHODS

This present cross-sectional study was conducted on

total 440 subjects, out of which 220 type 2 diabetic

patients as cases and 220 healthy controls who

attended internal medicine wards and OPD,

Endocrinology wards and OPD of RNT medical

college and associated groups of hospitals, Udaipur

during one-year period.

Inclusion Criteria

Cases

e Age > 18 years

e Patients with newly or previously diagnosed type
2 Diabetes Mellitus

Diagnosis of Diabetes

e Symptoms of diabetes plus random blood
glucose concentration > 200 mg/dl

e Fasting plasma glucose >126 mg/dl

e 2-hr plasma glucose > 200 mg/dl after oral
glucose challenge

e HbAlc>6.5%

Controls (normoglycemic patients)

e Fasting plasma glucose <100 mg/dI

e 2-hr plasma glucose <140 mg/dl after oral
glucose Challenge

e HbAlc <5.6%

Exclusion Criteria

e Type 1 diabetes mellitus

o Severely ill patients unable to give consent

e Established source of infection/Sepsis

e Known case of autoimmune disease/ Chronic

kidney disease

Allergic reactions

e Malignancy

e On chronic drug therapy such as corticosteroids,
lithium, heparin, antiepileptic drugs

e Myocardial infarction

* Pregnancy

Methods

2 ml venous blood collected in vial with EDTA as

anticoagulant.  Glycosylated hemoglobin  was

measured using HbAlc-Direct, BioSystems BA

analyzers.[*]

Neutrophil Lymphocyte Ratio: Specimen volumes

required -a minimum of 2 mL whole blood is

required for sample analysis. Whole blood diluent

(cellpack dcl) for use in hematology analyzers. Total

WBC, neutrophil and lymphocyte levels were

determined using a flow cytometric method by

automated blood c ell counter (SYSMEX XS-1000i-

6800).[1%1

222

International Journal of Medicine and Public Health, Vol 14, Issue 1, Jan-Mar, 2024 (www.ijmedph.org)



Lipid Profile Method: Fasting venous blood sample
were collected in plane vial. Amount required about
2-4 ml. Analyzed through automated analyzer using
principle  of  Chemiluminescence  Technology
(Siemens Dimension EXL 200). Obtained assay
include Triglyceride, HDL, LDL, Total cholesterol
Reference values.!*!

Statistical Analysis

Nominal/categorical variables were summarized as
frequency and percentage and were analyzed using
Chi square test/Fischer’s Exact test as applicable.
ANOVA test for more than two group comparison.
Correlation between two variables was analyzed
using Pearson correlation coefficient. A p value <
0.05 was taken as statistically significant. All
statistical analyses were done using Epi info version
7.2.1.0.

RESULTS

This study was conducted on 220 patient of type 2
DM and 220 age sex matched controls. Out of 220
type 2 diabetic cases, 77 (35%) were newly
diagnosed type 2 diabetes and 143 (65%) were
previously diagnosed case of type 2 DM. The mean
HbA1C was 4.07 in control and 8.41 in cases and
the difference was statistically significant p <0.05.
ESR, marker of inflammation was found to be raised
in cases with a mean value of 60.67 mm/hr when
compared to control’s 10.85 mm/hr and the
difference was statistically significant p <0.05. The
lipid profile (TC, LDL, TG) was higher in cases as

compared to control group & HDL was lower value
in cases as compared to control group, which was
statistically significant (P<0.001**) in our study.
NLR was obtained on dividing absolute neutrophil
count by absolute lymphocyte count. The mean
NLR among diabetic cases was 3.09, while that in
controls was lower 1.38. Difference was statistically
significant p <0.05 (table 1).

Most of the cases in newly diagnosed type 2
diabetes were in 31-40 year age group 31 (40.25%).
Among previously diagnosed type 2 diabetes
maximum cases were in the age group of 61-70
years of age 52 (36.39%) and the difference was
statistically significant p <0.05. HbAL1C value was
found to be high in newly diagnosed type 2 DM
(9.93%) as compared to previously diagnosed type 2
DM (7.98%). The comparison was statistically
significant p <0.05. The Mean NLR was higher in
newly diagnosed DM 3.89 as compared to
previously diagnosed 2.89 and the difference was
statistically different with p value <0.05 (table 2).
Our study showed that there was a strong positive
correlation between HbAlc and NLR of diabetic
patients with a Pearson’s coefficient of correlation
0.454 and p <0.05. There was no significant
correlation with ESR, TC, HDL, LDL, TG with
NLR as p value >0.05 which was statistically non-
significant and there was moderate positive
correlation between HbAlc and NLR in newly and
previously diagnosed diabetic patients with p value
<0.001 (table 3 & 4)

Table 1: Demographic and laboratory characteristics in cases and control groups

Characteristics Cases (n=220) Controls (n=220) p-value
Females 109 (49.55%) 106 (48.18%)

Sex males 111 (50.45%) 114 (51.82%) >0.05 (NS)
HbA1c (Mean+SD) 8.41+2.45 4.07+0.60 <0.001 (HS)
ESR (Mean+SD) 60.67+38.19 10.85+4.34 <0.001 (HS)
Total Cholesterol (TC) (Mean+SD) 162.62453.34 147.53+14.07 <0.001 (HS)
HDL (Mean+SD) 39.04+14.49 47.52+5.26 <0.001 (HS)
LDL (Mean+SD) 94.67+40.51 78.53+4.07 <0.001 (HS)
TG (MeanSD) 167.10+62.89 114.62+24.38 <0.001 (HS)
NLR (Mean+SD) 3.00+2.55 1.38+0.54 <0.001 (HS)

Table 2: The comparison of age, HbAlc & NLR in Case Study Groups (Newly and Previously Diagnosed Diabetes)

. Newly diagnosed Previously diagnosed
Characteristics diabetes (n=77) diabetes (n=143) p-value
Age groups (yrs)
<31 6 (7.79%) 1 (0.69%)
31-40 31 (40.25%) 9 (6.29%)
41-50 25 (32.49%) 13 (9.09%)
51-60 7 (9.09%) 43 (30.06%) <0.001 (HS)
61-70 3 (3.89%) 52 (36.39%)
>70 5 (6.49%) 25 (17.48%)
HbAlc
Mean+SD | 9.93+2.56 [ 7.98+2.15 <0.001 (HS)
NLR
Mean+SD | 3.89+3.86 [ 2.89+1.72 <0.001 (HS)
Table 3: Correlation of NLR with Different Parameters Among Cases
R P value
HbALc 0.454 <0.001 (HS)
ESR -0.007 >0.05 (NS)
TC -0.025 >0.05 (NS)
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HDL -0.043 >0.05 (NS)
LDL 0.001 >0.05 (NS)
TG 0.0344 >0.05(NS)

Table 4: Correlation of Hb1Ac with NLR Among Newly and Previously Diagnosed Cases of Diabetes

R (correlation coefficient) P value
Newly Diagnosed 0.313 <0.001 (HS)
Previously Diagnosed 0.552 <0.001 (HS)

DISCUSSION

The increase in diabetes incidence can be attributed
to changes in dietary pattern, sedentary behavior,
and obesity superimposed on the background of
genetic and epigenetic susceptibility.[*]
Opportunistic screening for undiagnosed diabetes
and prediabetes is recommended. It should include
individuals presenting to health care settings for
unrelated illness, family members of diabetes
patients, antenatal care, dental care, overweight
children and adolescents at onset of puberty.
Wherever feasible, community screening may be
done. All these measures will collaboratively work
to reduce burden of diabetes. ]

Out of the total 220 patients with type 2 diabetes,
111 (50.45%) were males and 109 (49.55%) were
females, showing equal prevalence among both
sexes. The difference in sex distribution was
statistically insignificant with p value >0.05. Our
results were consistent with Sarah Wild et all9,
Esayas Haregot Hilawe et a7 and A
Ramachandran et al,[?!l with no gender difference
between the diabetic cases.

The difference in the age groups of newly diagnosed
and previously diagnosed cases of type Il diabetics
was statistically significant with p value < 0.05. This
is consistent with the result published by study
conducted by A Ramachandran et al,’?l a National
Urban Diabetes Survey among the Indian population
which stated that Diabetes and impaired glucose
tolerance showed increasing trend with age.
Subjects under 40 years of age had a higher
prevalence of impaired glucose tolerance than
diabetes (12.8% vs 4.6%, p < 0.0001). Similar
results were obtained in our studies as newly
diagnosed diabetes with impaired fasting glucose
had maximum number 31 (40.25%) were in age
group less then 40 years.

A national survey of diabetes and impaired glucose
tolerance (IGT) conducted in 2000 AD in six major
cities of India by C Snehalatha et al,[?? Subjects
under 40 years of age had a higher prevalence of
impaired glucose tolerance than diabetes (12.8% vs
4.6%, p < 0.0001). Diabetes showed a positive
association with age, Similar results were obtained
in our study as maximum cases of previously
diagnosed diabetes 52 (36.39%) were above 61-70-
year age group.

In our study, the mean HbAlc was found to be
within normal limit 4.07% in controls and was
significantly higher in cases with a mean value of

8.41%. The difference between cases and control
was statistically significant with p value <0.001.
Glycosylated hemoglobin value was found to be
high in newly diagnosed DM 9.93% as compared to
previously diagnosed DM 7.98%. This difference
was found to be statistically significant on
application of ANOVA test (p<0.001).

This difference was probably due to previously
diagnosed type 2 diabetics being on antidiabetic
medication while newly diagnosed type 2 diabetics
had higher HbAlc due to persistently raised blood
glucose levels without any anti diabetic treatment.
David M. Nathan et al,”®! studied in International
Expert Committee report on the role of the Alc
assay in the diagnosis of diabetes that the results of
the Alc-Derived Average Glucose (ADAG) study
support the notion of a close relationship between
Alc levels and average glucose in diabetes. The Alc
assay plays a central role in the clinical management
of diabetes.

ESR an acute phase reactant has been utilized as
discriminating inflammatory from non-
inflammatory disorders. There was a significant
difference between ESR levels between diabetic and
control population which shows that diabetes is a
state of persistent inflammation.

Study conducted by Mubin Mustafa Kiyani et al,[?4
showed that the relationship between erythrocyte
sedimentation rate (ESR) in diabetic (DM) and non-
diabetic patients of cardiovascular diseases (CVD).
Pearson correlation between ESR of CVD without
DM and ESR of CVD with DM, and they
determined that there is a weak relationship between
these two variables. Value of Pearson ‘r' between
these two variables is 0.160.

The relationship  between the erythrocyte
sedimentation rate (ESR), glycosylated hemoglobin,
and the concentrations of plasma proteins was
investigated in 34 outpatients with diabetes mellitus
by AN Elias et al.”® The ESR was found to be
significantly elevated, the degree of elevation
correlating with the serum globulin concentration,
the albumin-globulin ratio, the serum fibrinogen
concentration and the percent glycosylated
hemoglobin (HbAlc). The data indicates that the
ESR in diabetic patient may be elevated in the
absence of overt infection. Our results were in
accordance to above studies and showed a positive
correlation between raised ESR in diabetes to
normal range in controls.

Individuals with DM may have several forms of
dyslipidaemia because of the additive cardiovascular
risk of hyperglycemia and hyperlipidemia, lipid
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abnormalities should be assessed aggressively and
treated as part of comprehensive diabetes care. The
most common pattern of dyslipidaemia is
hypertriglyceridemia and reduced high density
lipoprotein (HDL) cholesterol levels.

Due to oxidative modification and glycation of the
HDL protein as well as the transformation of the
HDL proteome into proinflammatory protein HDL
properties are compromised in patients with diabetes
mellitus (DM). Numerous studies confirm that the
ability of HDL to suppress inflammatory signals is
significantly reduced in this group of patients. ¢!

In a study of lipid profile in diabetic patients by
Owei | et al,? analyzed data from 335 healthy
adults (184 black, 151 white). Fasting plasma
glucose correlated positively with triglycerides and
LDL cholesterol levels and inversely with HDL
cholesterol levels (P = 0.006, <0.0001); insulin
sensitivity  correlated  positively with  HDL
cholesterol and inversely with triglyceride levels (P
<0.0001), and insulin secretion correlated positively
with triglycerides (P=0.01) and inversely with HDL
cholesterol (P <0.0001). This is consistent with our
study that increased level are there of total
cholesterol, TG and LDL while decreased value of
HDL among diabetic population.

In a study done in rural population of Bangladesh on
2293 adults Bishwajit Bhowmik et al,?® showed
significant linear trends were observed for high T-
Chol, high TG and low HDL with increasing
glucose intolerance. Type 2 DM was significantly
associated with high Total cholesterol, high TG and
low HDL these results were also consistent with our
studies.

In a study conducted by Hussain M et al,ll
concluded that increased NLR level is associated
with elevated HbAlc and poor glycemic control in
patients of type 2 diabetes mellitus. In another study
done by Shiny et al,?° subjects with DM showed a
significantly higher NLR (2.2+1.12) compared with
IGT subjects (1.82+0.63), who in turn had a higher
ratio than NGT subjects (1.5+0.41) (P<0.01).
Pearson correlation analysis showed a significant
positive correlation of NLR with glycated
hemoglobin (r=0.411), fasting plasma glucose
(r=0.378), and HOMA-IR (r=0.233) (P<0.001).

Our results are consistent with study conducted by C
Mertoglu et al® in which, NLR was significantly
higher in Group with IGT (1.60), Group with newly
diagnosed diabetic (1.58) and Group with previously
diagnosed  diabetes  (2.07) compared to
normoglycemic patients (1.37). They concluded that
inflammation marker NLR significantly increases in
the diabetic patients.

The results of the current study are in agreement
with the study conducted by Meigin Lou et al B!
found the NLR values of the diabetic patients were
significantly higher than those of the healthy control
(P<0.001), and the NLR values of the patients with
insulin resistance was higher than those without
insulin resistance (P <0.001).

Pearson correlation coefficient for HbA1C with
NLR was 0.454. There was a positive correlation
between HbAlc and NLR (p<0.001). i.e. as HbAlc
increased, NLR increased significantly. Devamsh G.
N et al,* studied the relationship between NLR and
glycemic control in type 2 diabetes patients. NLR
had a positive correlation with HbAlc and was
found to be an independent predictor of poor
glycemic control in patients with type 2 diabetes
mellitus.

Akin et al,3 studied A total of 278 Type 2 diabetic
patients. The patients were divided into two groups:
the good glycaemic control group (HbAlc <7.5%)
and the poor glycaemic control group (HbAlc
>7.5%). NLR was compared between the diabetic
groups. In addition, NLR was compared with
diabetic patients and control group. The NLR was
statistically and significantly higher in the poor
glycaemic control group compared to the good
glycaemic control group. In addition, NLR was
significantly higher in the patients than in the
control group.

Our study also observed that there was no
correlation between variation in total cholesterol and
LDL with glycemic control in diabetic cases with
HbAlc levels with p value >0.05. Liu et al,?4
studied three hundred thirty-five patients with Type
2 DM. Univariate analyses identified that NLR was
positively correlated with age, glycosylated
hemoglobin (HbALc), triglycerides (TG), total
cholesterol (TC), low-density lipoprotein (LDL).
However, our results did not agree to the same.

CONCLUSION

We concluded that NLR can serve as a marker of
long-term diabetic control like glycosylated
hemoglobin. NLR can guide the anti-diabetic
measures in the resource limited settings and
resource limited country like India. NLR may be
useful as an easily measurable, invasive, available,
and cost- effective parameter for the follow-up of
diabetic patients.
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