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ABSTRACT

INTRODUCTION

Type 2 diabetes mellitus is one component of metabolic syndrome, which includes impaired
glucose tolerance, hypertension, obesity, and dyslipidemia. White blood cell (WBC) count is
linked to various components of metabolic syndrome, and subclinical inflammation may be
associated with the increased cardiovascular risk in patients with impaired glucose tolerance.
Neutrophil lymphocyte ratio (NLR) is an essential marker of systemic inflammation and an
indicator of increased risk for cardiovascular events in patients with metabolic syndrome.

OBJECTIVES

1) To understand the role of NLR and PLR in assessment of glucose regulation in type 2
diabetes mellitus.

2) To study the correlation between NLR, PLR & HbA1C in type 2 diabetes mellitus.
METHODS

A total of 300 individuals were divided into three groups of 100 each: Pre-diabetic (HbAlc
between 5.7-6.4%), Overt Diabetes Mellitus (HbAlc > 6.4%), and Control (HbAlc <5.7). Total
WBC, differential count, and platelet count were determined using an automated blood cell
counter. NLRs and PLRS were quantified from the reports as total neutrophil counts divided by
lymphocyte counts and total platelet count divided by lymphocyte count respectively using the
same blood samples drawn at the time of admission. HbAlc levels were measured using

automated ion exchange high performance liquid chromatography (BIO RAD D10).



RESULTS

The absolute neutrophil count showed a statistically significant elevation in the Diabetic group
compared to the control and pre-diabetic group (p value 0.000 and 0.003 respectively). The
absolute lymphocyte count showed a statistically significant decrease in the Diabetic group in
comparison to the control and pre-diabetic group (p value 0.000 and 0.009 respectively). As
expected, the NLR had a statistically significant increase in the Diabetic group compared to the
control (p value 0.000) and PLR had a statistically significant decrease in the Diabetic group in
comparison to the control (p value 0.000)

CONCLUSIONS

NLR and PLR may be used as independent parameters to monitor the progress of Type Il
Diabetes Mellitus. Owing to their ease of availability and being relatively inexpensive, it may be
used in those parts of the country with minimal health infrastructure.

KEYWORDS: Type Il Diabetes Mellitus, complications of diabetes mellitus, glycemic control,

glycated hemoglobin, NLR, PLR
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A STUDY ON NEUTROPHIL-LYMPHOCYTE RATIO AND PLATELET
LYMPHOCYTE AS AN ASSESSMENT TOOL OF GLYCEMIC CONTROL

IN TYPE 2 DIABETES MELLITUS PATIENTS”

INTRODUCTION

Diabetes mellitus a chronic preventable metabolic disorder and is considered to be one of
the major ‘silent killers’ across the globe. This is because unless they develop complications,
most of the patients remain asymptomatic for years. The burden of diabetes is on the rise in
middle- and lower-income countries due to strong influence of urbanization, sedentary lifestyle,
nutritional and epidemiological transition. Therefore, drastic steps are required through various
health awareness programs in order to control the escalating trends of diabetes in these countries

to reduce disease burden. (1)

Type 2 diabetes mellitus is one component of metabolic syndrome, which includes
impaired glucose tolerance, hypertension, obesity, and dyslipidemia. White blood cell (WBC)
count is linked to various components of metabolic syndrome, and subclinical inflammation may
be associated with the increased cardiovascular risk in patients with impaired glucose tolerance.
Furthermore, an association has been shown between chronic subclinical inflammation and
insulin resistance, metabolic syndrome, and atherosclerosis. Low-grade chronic inflammation is
associated with increased cardiometabolic risk. The process of atherosclerosis is known to
involve inflammatory mechanisms, and leukocytosis is directly associated with the pathogenesis

of both atherosclerosis and metabolic syndrome. The prevalence of macrovascular complications



has been shown to correlate positively with increased WBC count in patients with type 2

diabetes mellitus.(2)

Neutrophil lymphocyte ratio (NLR) is an essential marker of systemic inflammation and
an indicator of increased risk for cardiovascular events in patients with metabolic syndrome. In
addition, increased NLR may be related to type 2 diabetes mellitus. Thus, it may be proposed
that chronic inflammation plays a key role in the pathogenesis of clinical complications

including cardiovascular diseases. (2)

The purpose of the present study is to investigate the relationship between NLR and
blood glucose regulation. A comparison will be made between the NLR of patients with
regulated diabetes mellitus (glycosylated hemoglobin [HbA1c<7%) and patients with

unregulated diabetes mellitus (HbA1c>7%). (3)(4)



OBJECTIVES OF THE STUDY::

1) To understand the role of NLR and PLR in assessment of glucose regulation in type 2
diabetes mellitus.

2) To study the correlation between NLR, PLR & HbALC in type 2 diabetes mellitus.



REVIEW OF LITERATURE

Introduction To Diabetes Mellitus

Diabetes Mellitus (or Diabetes, as it is commonly known) is a term used to describe a disorder of
metabolism marked by chronic hyperglycemia and/or disorders of carbohydrate, protein, and fat
metabolism. Even though the etiology is heterogeneous, the condition results from either an

impaired secretion of insulin or resistance to the action of insulin or both.(5)

Insulin, the hormone that is deficient/non-functional in diabetes is secreted by the beta cells of
the pancreas. Insulin helps in the efficient transport of glucose into the cells of the body,

particularly muscles and adipose tissue.

Diabetes Mellitus is a serious, long-term (or ‘chronic’) condition that occurs when there are
raised levels of glucose in a person’s blood because their body cannot produce enough of the

hormone insulin or cannot effectively use the insulin it produces.

Insulin is an essential hormone produced in the pancreas. It allows glucose from the bloodstream
to enter the body’s cells where that glucose is converted into energy. A lack of insulin, or the
inability of cells to respond to it, leads to high levels of blood glucose (hyperglycemia). Insulin
deficiency, if left unchecked over the long term, can cause damage to many of the body’s organs,

leading to disabling and life-threatening health complications such as cardiovascular diseases



(CVD), nerve damage (neuropathy), kidney damage (nephropathy) and eye disease (leading to
retinopathy, visual loss and even blindness). On the other hand, early and optimal management
of hyperglycemia goes a long way in delaying, and in some cases, preventing the long-term

complications(6).

Incidence And Prevalence

It is estimated that Diabetes Mellitus is prevalent in approximately 9.3% of the total population
of the world. Worldwide, this translates to around 460 million people between the age group of
20-79 years. By the year 2045, this number is forecasted to reach 578 million by 2030 (10.2%)

and to 700 million (10.9%) by 045 (Figure 1).

Individuals diagnosed with Impaired Glucose Tolerance (pre-diabetes) within the age group 20-
79 years is approximately 374 million (7.5% of world population in this age group). Just as with
the case of overt diabetes, prevalence of impaired glucose tolerance too is expected to climb up,
with the most conservative of estimates putting the prevalence by 2030 at 454 million (8%) and
548 million (8.6%) by 2045. Under the age of 20 years, approximately 1.1 million children and
adolescents are categorized to have Type | Diabetes Mellitus. An estimate on the number of
children and adolescents with Type Il Diabetes Mellitus is currently unknown due to the

asymptomatic presentation and incomplete diagnosis.



Number of deaths directly attributable to Diabetes Mellitus and its complications is estimated to
be around 4.2 million in the year 2019. In the same year, approximately 15.8% of livebirths were
affected with transient hyperglycemia, leading to neonatal complications. It is estimated that the
world spent an equivalent of 760 billion USD to treat diabetes and diabetes related
complications. This figure is said to rise to 825 billion USD by 2030 and 845 billion USD by
2045. The current trends indicate that by the year 2045, not less than 700 million adults
worldwide would have diabetes (6).

In India, the incidence and prevalence of Diabetes Mellitus has been on the rise in comparison to
the previous years. This trend is noticeable in both the urban and rural areas. As urbanization
increases, the middle class grows, and as the proportion of aged individuals increase, it is
expected that the prevalence of Diabetes Mellitus too will increase in the future (7). An increase
in the disease burden would be a strain on a growing economy like India, which brings to light
the need to address this growing problem. The age-adjusted comparative prevalence of diabetes
mellitus in India is shown in Figure 2. The age and gender-wise prevalence of diabetes mellitus

in India is shown in Figure 3.

According to the World Health Organization (WHO), the death rate from Diabetes Mellitus and
its complications would more than double between 2005 and 2030 (Figure 4), with the low-and-

middle income group countries contributing to about 80% of the number (8).
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Figure 1: Prevalence of diabetes by age group in adults (2079 years) in 2019, 2030 and 2045
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Figure 4: Mortality due to diabetes by age and sex, IDF South-East Asia Region, 2019(6)



Diabetes Mellitus: Etiopathogenesis

The main etiological classification of disorders involving glucose homeostasis is shown in Table

1(3), (9). (20).

Type Pathophysiology Etiology
Type 1 B-cell destruction Autoimmune
Idiopathic
Genetic
Type 2 Insulin Idiopathic
O e
Genetic defects of p-cell | TCF7L Genetic
function
Genetic defects in insulin | MTNR1B, FADS1, DGKB, | Genetic
action GCK gene defects
Diseases of exocrine | Acute pancreatitis -
pancreas Chronic pancreatitis
Neoplasms
Neuroendocrine tumors
Cystic fibrosis
Drug or chemical induced Thiazide diuretics latrogenic

Beta blockers
Quinolones

Protease inhibitors

Nucleotide reverse
transcriptase inhibitors
Infections Chronic bacterial and viral | Beta cell destruction secondary

infections

to viral infections




Increased stress response

Gestational Diabetes | Pancreatic cell  dysfunction | -
Mellitus Chronic insulin resistance
Chromosomal aneuploidy Prader-Willi Syndrome Genetic

Down Syndrome

Friedreich’s ataxia

Table 1: Etiological classification of Diabetes Mellitus and glucose homeostasis

Pathophysiology Of Type 1 And Type 2 DM

Disorders of glycaemia: etiological types and clinical stages.(3)

TYPE 1 DIABETES MELLITUS

This is a condition characterized by the pancreas’s inability to produce insulin because of the
destruction of beta cells of pancreas by the individual’s own immune system. The trigger for this
attack is not completely elucidated but it is hypothesized that it is a combination of genetic
(multiple genes are implicated) and some environmental triggers (predominantly viral infections)
that trigger the body’s immune system to attack itself. Environmental toxins and diet may also
contribute to aggravation of the auto-immune attacks. Although seen predominantly in children
and young adults, type 1 diabetes mellitus may be seen in any age group. Type 1 diabetes
mellitus is considered one of the most prevalent chronic diseases of childhood although changes
in diet, environmental and other epigenetic factors are resulting in an increase in the prevalence

of Type 2 diabetes mellitus as well.
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TYPE 2 DIABETES MELLITUS

Accounting for about 90% of all cases of diabetes mellitus worldwide, Type 2 diabetes mellitus
is by far the most prevalent among all types.
Type 2 Diabetes Mellitus is characterized by two independent, but interrelated conditions:

1. Insulin resistance

2. Inadequate production of insulin

Insulin resistance: This term refers to the body’s inability to effectively respond to insulin.
Tissues like muscles and adipose, which needs insulin dependent glucose transporters (GLUT-4)
for insulin uptake, over time becomes insensitive to the actions of the hormone. This results in

increased peripheral glucose levels and a state of hypoglycemia in the tissues.

Inadequate production of insulin: As peripheral insulin resistance increases, the pancreas tries to

compensate for that by increasing the production of insulin from B-cells. This results in an undue

stress on the cells of the pancreas, and over time, the production becomes ineffective.

The combination of insulin resistance and inadequate insulin production over a sustained period

of time results in the signs and symptoms of diabetes mellitus. Historically considered a disease

11



of middle age, changes in diet and lifestyle changes have resulted in the disease being diagnosed

even in young adults and children these days.

The symptoms of Type 2 Diabetes Mellitus may at times mimic those of Type 1 Diabetes

Mellitus, but most often is less dramatic and symptomless (10).

The term prediabetes is a term used interchangeably with impaired glucose tolerance or impaired
fasting glucose. This condition is considered the biggest risk factor for developing Type 2

diabetes mellitus and associated complications.

Gestational diabetes, on the other hand, is the development of impaired glucose tolerance for the
first-time during pregnancy. Not only does this condition predispose to the development of Type

2 Diabetes Mellitus in the future, but also may result in large for gestational age babies.

Increased glucose levels in blood results in endothelial damage through a variety of mechanisms
including elevated oxidative stress, increased induction of atherogenic circulating adhesion
molecules, and those cytokines that regulate and induce cell recruitment, migration, growth, and

proliferation (11).

12



Clinical presentation

The clinical symptoms and signs are quite similar for Type 1 and Type 2 Diabetes Mellitus.
These symptoms are often vague and hence, results in a delayed diagnosis. The typical

symptoms of Diabetes Mellitus are listed in Table 2.

Symptoms

Excessive thirst

Blurred vision

Bedwetting

Frequent urination

Lack of energy/fatigue

Constant hunger

Weight loss

Table 2: Typical symptoms of Diabetes Mellitus

The classical triad of polydipsia, polyuria, and weight loss may not be present in all cases and

hence, may result in delayed diagnosis (6)

13



Acute Complications Of Diabetes Mellitus

Even though acute complications of diabetes mellitus are more common in Type 1 diabetes
mellitus, uncontrolled type 2 diabetes mellitus too may result in complications. The most
common acute complication of diabetes mellitus is Diabetic Ketoacidosis, a condition resulting
in life threatening metabolic acidosis due to the accumulation of lactic acid. Initially presenting
with confusion, lethargy, and disorientation, if untreated, the individual quickly will progress to
irreversible neurological damage, coma, or even death. The incidence of diabetic ketoacidosis is
the hallmark of Type 1 diabetes although uncontrolled type 2 diabetes mellitus too can cause the
same.

In individuals with Type 2 diabetes mellitus, hyperglycemic hyperosmolar state is another major
complication. Insidious in inset, it progresses rapidly to dehydration, loss of electrolytes, and
increased serum osmolality. Triggers for hyperglycemic hyperosmolar state are varied although
infections have been implicated as the major precipitating cause. This is more commonly seen in
the elderly and chronically ill individuals. The overall mortality for hyperglycemic hyperosmolar

state is about 5-20%, about ten times higher than that of diabetic ketoacidosis (6).

Paradoxically, hypoglycemia is another important complication of diabetes mellitus, particularly

in those individuals who are on insulin and sulfonylureas for glycemic control.
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Long Term Complications Of Diabetes Mellitus

Long term complications of Diabetes Mellitus may be broadly categorized into the following:

1. Macrovascular complications

2. Microvascular complications

The major macrovascular complications are:

Coronary Artery Disease: Long term diabetics are prone to cardiovascular complications
such as angina, myocardial infarction, and/or changes in cardiac imaging.
Cerebrovascular disease: Incidences of stroke, transient ischemic attacks, hemiplegia,
paraplegia etc. are not uncommon in long standing diabetics (12).

Peripheral vascular disease: History of intermittent claudication, pain in the
limbs/extremities, and absence of one or more peripheral pulses may be suggestive of

peripheral vascular disease in diabetes mellitus.

The major microvascular complications are:

Peripheral neuropathy: Involvement of the peripheral nerves is quite common in cases of
long-standing diabetes mellitus. The major symptoms are tingling, pins and needles
sensation, loss of sense of touch and temperature, and muffled reflexes (13).

Diabetic nephropathy: Long standing diabetes mellitus may cause diabetic nephropathy,
resulting in decreased glomerular filtration rate (14).

Diabetic retinopathy: A major microvascular complication of diabetic mellitus is diabetic

retinopathy, resulting in irreversible damage to sight in uncontrolled cases (15).

15



Diabetes And Cardiovascular Diseases

Cardiovascular complications contribute to the highest rate of morbidity and mortality among

individuals with diabetes mellitus (16). Studies have indicated that the relative risk of

cardiovascular disease in individuals with diabetes mellitus is between 1.6 and 2.6, with a higher

predisposition seen in young individuals and women (17,18). Currently, there is conclusive

evidence that an increase in fasting glucose, glycated hemoglobin, and glucose challenge test is

associated with a 6-20% increased risk of cardiovascular events (Table 3).

Outcome Impact Data systems/study | Reference
Prevalence of | Any CVD: 32% 57 cross-sectional | Einarson et.al, 2018
cardiovascular CHD: 21% studies
diseases
MI: 10%
Stroke: 7.6%
Coronary heart | 160% increased risk 102 prospective | Emerging risk factors
disease studies collaboration, 2010
Ischemic heart disease | 127% increased risk 102 prospective | Emerging risk factors
studies collaboration, 2011
Hemorrhagic stroke 56% increased risk 102 prospective | Emerging risk factors
studies collaboration, 2011

16




Cardiovascular 132% increased risk 97 prospective studies

diseases/death

Years of life lost 5.8 years of men aged | 97 prospective studies

50

6.4 years for women

aged 50

Table 3: Global estimates of the association and impact of diabetes on cardiovascular

diseases

Various mechanisms have been implicated for the increased risk of cardiovascular disease in
diabetics:

e Insulin resistance

e Direct damage to endothelium through the effect of free radicals

e Other associated risk factors like hypertension and dyslipidemia and central obesity

(Metabolic syndrome) (19)
e Low grade inflammation
e Atherosclerosis

e Concomitant hyperuricemia, alouminuria, and high atherogenic index of plasma (20)

17




Apart from these, risk is also strongly influenced by lifestyle factors like smoking, lack of
exercise, and consumption of junk food. Adopting life style changes, taking measures to lower

blood pressure and lipids significantly reduces the risk of cardiovascular diseases (21).

Chronic low-grade inflammation has been shown to derange the metabolic functions by inducing
insulin resistance, resulting in cardiovascular complications. Insulin resistance in turn is

associated with a variety of inflammatory factors, resulting in a vicious cycle (22).

Other concomitant disorders like albuminuria, hyperuricemia, and high atherogenic index are
said to be at an increased risk of developing cardiovascular disorder (23).

Similarly, metabolic syndrome is associated with systemic inflammation and thereby, the risk for
cardiovascular accidents too increases (24).

The link between atherosclerosis and insulin resistance too has been recently elucidated and two
pro-inflammatory cytokines namely TNF-a and IL-6 (25). Metabolic syndrome is seen more in
those individuals who have an increased transcription rates of these cytokines, concomitantly

increasing the risk of coronary heart disease (26).

18



Diabetic Eye Disease

Diabetic eye disease, comprising of diabetic retinopathy, macular edema, cataract, and glaucoma
is one of the leading causes of morbidity and lowered quality of life in diabetics. Apart from the
above mentioned conditions, diplopia, loss of focusing ability, and repeated infections of the eye
too are seen in long standing diabetes (27). Early diagnosis and treatment are imperative as
chronic diabetes mellitus may have devastating effects on sight and overall health of the eye.
Optimization of plasma glucose and routine screening for diabetic retinopathy can drastically

reduce the associated morbidity (6).

Diabetic Kidney Disease

People with diabetes mellitus are predisposed to development of chronic kidney disease, Usually,
preexisting conditions such as hypertension and hypertriglyceridemia too are contributing factors
to the development of CKD. Just as with diabetic retinopathy, strict glycemic control and regular
screening for high blood pressure helps in reducing the morbidity from diabetic kidney disease
(28). Another sign of chronic kidney disease can be normocytic normochromic anemia, seen at a
higher prevalence in diabetics than those with CKD secondary to non-diabetic causes (29), (30).
This has been attributed to the activation of the NLRP3/caspace-1/IL-1p pathway, which

happens early in the pathogenesis of diabetic nephropathy (31).
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Nerve And/Or Vascular Damage And Diabetic Foot Complications

The most common form of peripheral nephropathy by far is diabetic nephropathy. Affecting the
distal nerves of the limbs first, the earliest presentation is usually with an altered conduction of
nerve signals resulting in poor perception of pain, temperature, and proprioception. Secondary to
this, most people with diabetic neuropathy develops non-healing ulcers resulting from trauma
and/or suboptimal distribution of internal bone pressure. The sequalae for this is usually very

severe, with cellulitis, amputations, and progression of the ulcer to malignancy (32).

Investigations For Confirmation Of Diabetes Mellitus

Currently, the following tests are used to diagnose diabetes mellitus (see Table 4 for summary)
(10):

1. Fasting blood glucose

2. Glucose tolerance test

3. Glycated hemoglobin

4. Fructosamine test (not commonly used)

Fasting blood glucose: At least two different fasting blood glucose readings are necessary to

make a diagnosis of diabetes mellitus. A value more than 126 mg/dL is confirmatory for diabetes

mellitus.

Glucose tolerance test: Not routinely used, but glucose challenge test currently finds in place in

the diagnosis of gestational diabetes mellitus in pregnancy.
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Glycated hemoglobin: Considered the gold standard for monitoring glycemic control for the last

three months, glycated hemoglobin is another important confirmatory test for diabetes mellitus.

Fructosamine test: Not widely used owing to its difficulty in performance and lack of

standardized Kkits, Fructosamine test nevertheless is a very good indicator for the glycemic
control over the previous month. Moreover, Fructosamine levels of well controlled diabetics

overlap with normal individuals, further reducing its use as a diagnostic tool.

TEST BIOLOGICAL REFERENCE INTERVAL

Normal: <100 mg/dL

Fasting Blood Glucose Impaired glucose tolerance: 101-125 mg/dL

Diabetes Mellitus: >160 mg/dL

Glucose tolerance Test 2 hours: <140 mg/dL

Normal: <5.6%

Glycated hemoglobin Impaired glucose tolerance test: 5.6-6.4%

Diabetes Mellitus: >6.4%

Fructosamine test Normal: 200-285 pmol/L when serum albumin is 5 g/dL

Table 4: Diagnostic tests for diabetes mellitus
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Glycated Hemoglobin

Chromatography of hemoglobin of adult human beings reveal two different types (33):
1. Adult type (containing 2a and 2f chains): ~90-92%
2. Fetal hemoglobin (containing 2a and 2y chains): ~8-10%
Apart from these two, minor percentages of other hemoglobin too may be present in trace
quantities.
Adult hemoglobin is further divided into HbA1, HbA2, HbA3, and other forms depending on the

changes in the globin chains.

The major globin chain in adults (HbA1) contains 2o and 2B chains. Glycation, the non-
enzymatic addition of glucose to the N-terminal end of  chain is a normal reaction happening in
all humans, the rate of which depends on blood glucose. An accurate quantification of this value
gives an accurate impression of the individual’s glycemic control over the life span of RBCs.

These glycated hemoglobin molecules have been named HbA ¢ or glycated hemoglobin (34).
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Figure 5: Types of hemoglobin present in adult humans

Methods For Assaying Glycated Hemoglobin

Currently, there are three major methods by which glycated hemoglobin is quantified (35):

1. HPLC assay using ion-selective chromatography

2. Antibody based immunoassay

3. Enzymatic assay

23

HbF




High Performance Liquid Chromatography: The gold standard for measurement of glycated

hemoglobin is to make use of high-performance liquid chromatography using ion-exchange
chromatography. A negatively charged column is used as the stationary phase to which the
positively charged hemoglobin molecules are bound to with varying affinity. A mobile phase,
with varying pH is then allowed into the column in a gradient flow, resulting in the elution of

various hemoglobin molecules depending on their charge (36).

Antibody based immunoassay: Antibody based immunoassays are based on the latex enhanced

immunoassay between the antigen molecules and antibodies specific to HbA:. coated on beads.
The cross-linking reaction causes changes in the turbidity of the solution, which is measured and

quantified (37)

Enzymatic assays: Recently, a novel direct enzymatic method has been developed which yields a

direct measurement of glycated hemoglobin. The advantages of this method include direct
glycated hemoglobin and the possibility of not having to calculate the values from the provided

measurements (38).
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For a comparison of the methods used for the measurement of glycated hemoglobin, please refer

to Table 5.

Method with

principle

Advantages

Disadvantages

lon exchange
chromatography
(HPLC using an
anion-exchange

column)

Gold standard
Chromatograms provide
information of variants of

hemoglobin as well

Variable interference from

hemoglobinopathies

Immunoassay
(glucose binding to
m-amino
phenylboronic

acid)

Easier to implement

Affected by

hemoglobinopathies

Direct enzymatic

method

Minimal interference

No need of calculation

Measures more than the N-
glycosylation in B-chains,

but also in the a-chains

Table 5: Comparison of various methods for measurement of glycated hemoglobin
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Indications For Testing Glycated Hemoglobin

Since glycated hemoglobin measures the glycation of glucose to beta chain of hemoglobin, the
measurement of HbAy is a fair reflection of the glycemic control over the life span of RBCs,
which is approximately 120 days. Hence, after the diagnosis of diabetes mellitus, glycated
hemoglobin should be performed every three months in those individuals for assessing their
glycemic control until the target level is reached. Once the target glycemic control is attained, the

measurements may be necessary only twice a year (39).

Limitations Of Measurement of Glycated Hemoglobin

Since glycated hemoglobin is directly affected by the life span of RBC, any condition that affects
the life of RBCs would affect HbA1c measurements as well. Conditions like anemia, hemolysis,
blood loss, presence of other hemoglobin variants, and other conditions affecting the life span of
RBCs results in potentially wrong measurements. It is also important to keep in mind that a
measure of glycated hemoglobin is not a measure of an individual’s routine glycemic variability

or a measure of blood glucose levels (34)
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Factors Affecting Glycated Hemoglobin Levels

Factors affecting the levels of glycated hemoglobin levels are summarized in Table 6 as given

below.

FACTORS

INCREASED GLYCATED
HEMOGLOBIN

DECREASED GLYCATED
HEMOGLOBIN

Erythropoiesis

Iron, Vitamin B12 deficiency,
decreased erythropoiesis

Administration of erythropoietin,
iron, folic acid, reticulocytes,
chronic liver disease

Altered hemoglobin

Genetic or chemical alterations in
hemoglobin, hemoglobinopathies,
HbF, methemoglobin

Genetic or chemical alterations in
hemoglobin, hemoglobinopathies,
HbF, methemoglobin

Glycation

Alcoholism, chronic renal failure,
decreased intraerythrocytic pH

Aspirin, Vitamin C and E,
increased intraerythrocytic pH

Erythrocyte
destruction

Increased erythrocyte lifespan,
splenectomy

Decreased erythrocyte life span,
splenomegaly, rheumatoid arthritis

Assays

Hyperbilirubinemia, carbamylated
hemoglobin, alcoholism

Hypertriglyceridemia

Table 6: Factors affecting glycated hemoglobin levels

27




Hematopoiesis

The process of blood cell production from hematopoietic stem cells is called hematopoiesis. The
hematopoietic stem cells have an infinite potential to proliferate and produce more stem cells as

well as to differentiate to committed progenitor cells.

If it is committing into progenitor cells, HSCs specialize into either myeloid lineage or lymphoid
lineage. Myeloid lineage finally differentiates into monocytes, neutrophils, RBC, platelets,
basophils, and eosinophils while lymphoid lineage finally differentiates into T cell, B cell, and
NK cells. See Figure 6 for more details.

During its development in the bone marrow, the cells programmed to be leukocytes of the
granulocytic series (neutrophils, eosinophils, basophils) synthesize specialized proteins which
are then stored as granules in their cytoplasm.

Myeloblast, a primitive, agranular cell, synthesizes proteins and stores them in cytoplasmic
granules (primary or azurophilic granules), marking the conversion to promyelocytes. This is
followed by the synthesis and storage of secondary granules, which marks the progress of
promyelocytes into neutrophilic, basophilic, and eosinophilic myelocytes. What follows next is
the conversion of myelocytes into mature amniotic cells capable of chemotaxis and phagocytosis

(40).
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Figure 6: Hematopoiesis
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The maturation of neutrophils from myeloblasts is shown in the figure below (Figure 7).

Myeloblast

l

Promyelocytes | —— | Azurophilic

l

Early myelocytes | — | Specific

l

Late myelocytes

l

Metamyelocyte | ——> | Gelatinase

l

Band stage

l ——— | Secretory
Neutrophils

Figure 7: Maturation of myeloblast into neutrophils (with their granules)

A variety of conditions can alter the number of neutrophils, lymphocytes, and platelets. Any
increase in the absolute count of neutrophils is depicted by the name neutrophilia while any
decrease is depicted by the term neutropenia. Any increase in the absolute count of lymphocytes

and platelets are known by the terms lymphocytosis and thrombocytosis respectively while any
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decrease is known by the terms lymphocytopenia and thrombocytopenia respectively. The major

causes of these are highlighted in Table 7(40).

Neutrophilia

Neutropenia

Physical stimuli: cold, heat,
convulsions,  pain, labor,
anesthesia, surgery

Infections: Hepatitis, Lyme

disease

Hematological disorders:
Myeloproliferative disorders,
hemorrhage.

Hematological

disorders:

Aplastic anemia, Fanconi

anemia

Emotional stimuli:  Panic, | Drugs: Chemotherapy
Neutrophils rage, stress, depression
Infections: Mycotic, bacterial, | Cancer, bone marrow
and rickettsial disorders, hypersplenism
Inflammation Nutritional deficiencies like
Vitamin  B12 and iron
deficiency
Drugs Autoimmune  diseases like
Crohn’s disease, SLE
Hormones
Toxins Felty syndrome, Kostman
syndrome
Lymphocytosis Lymphopenia
Lymphocytes Malignancies: ALL, CLL Inherited: Wiskott-Aldrich
syndrome

Reactive:  Dengue, EBYV,
CMV

Acquired: Aplastic anemia

Hypersensitivity: Drugs,
insect bites

Infectious: Viral (HIV, SARS)

Persistent: Cancer, leprosy,
smoking

Serum sickness, post-
vaccination

Marrow
irradiation

suppression,
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Thrombocytosis Thrombocytopenia

Primary thrombocytosis: ET, | Decreased production:

CML, MDS, chronic | Amegakaryocytotic

myeloproliferative disorder thrombocytopenia, aplastic
anemia, MDS

Thrombocytes i

Reactive: Infection, | Increased destruction: SLE,

malignancy, renal disorder, | lymphoproliferative disorders,

hemolytic anemia, asplenia drugs, viral fevers, DIC
Abnormal distribution:
Dilutional from massive blood
transfusion, hypersplenism

Table 7: Major causes of neutrophil, lymphocyte, and thrombocyte alterations

Neutrophil-Lymphocyte Ratio and Platelet-L ymphocyte Ratio

Neutrophil-lymphocyte ratio and Platelet-lymphocyte ratio are important markers of systemic
inflammation. Both these ratios are also seen to be elevated in Type 2 diabetes mellitus and has a
predictive value in cardiovascular events in diabetics (41). In conditions of systemic
inflammation, the WBC constitution changes dramatically, with a predisposition towards
lymphopenia and neutrophilia (42). This also results in an altered Platelet-lymphocyte ratio,
which may be used as a marker for several conditions like cardiac, rheumatological, and
cancerous conditions (43). The comparative stability and minimal cost for calculating NLR and
PLR serves as an important advantage when compared to other more expensive markers such as
inflammatory cytokines (44).

Elevation in the NLR after an ischemic attack of the heart acts as an independent predictor of
mortality in diabetics. The use of this parameter along with other existing risk scoring systems
may be beneficial for prognosis and stratification of risk (45). Other biomarkers like TNF-a,

interleukin 6, C-reactive protein, VCAM-1, von Willibrand factor, fibrinogen, and adiponectin
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are seen to develop with Type 2 Diabetes Mellitus (46). Both NLR and PLR may be used as a
marker for end-stage renal disease patients in diabetes mellitus, but PLR is found to be superior
in this regard (47). In individuals with long standing diabetes mellitus, an elevation in NLR is
reflective of diabetic nephropathy, thereby serving as a reliable early marker for the prediction of

the same (48).

NLR and PLR can be used as markers of conditions other than diabetes mellitus as well. For
example, NLR may be used as a biomarker for the prediction of IgA vasculitis (49), prognostic
marker for the outcome of CABG (50), and as an indicator for the possibility of miscarriage

during pregnancy (51), (52).
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MATERIALS AND METHODS

STUDY DESIGN: CROSS-SECTIONAL STUDY

SOURCE OF DATA: Data is obtained from patients reporting to Haematology Laboratory,

Department of Pathology, Shri B.M. Patik Medical College. Hospital, and Research Centre,
B.L.D.E (Deemed to be University), Vijayapura.

STUDY PERIOD: 1%t December 2019 to 30" May 2021

INCLUSION AND EXCLUSION CRITERIA:

The Inclusion and exclusion criteria for the study is tabulated in Table 8:

INCLUSION CRITERIA EXCLUSION CRITERIA

Suspected medical conditions like sepsis, renal

disorders

On medications (except antidiabetic agents)

Patients with Type 2 Diabetes Mellitus in Shri | that may interfere with the results of the study

B.M. Patil Medical College, Hospital and | @nd inflammatory parameters

Research Centre, Vijayapura Patients with previous/coexisting
cardiovascular diseases (as defined by history,

medical examination, and cardiac imaging)

History of smoking

Table 8: Inclusion and Exclusion Criteria for the study
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SAMPLE COLLECTION AND ANALYSIS

Informed consent was taken from those patients who fulfil the inclusion criteria for the study.
Relevant medical history was taken from them, followed by a routine clinical examination. The
archived sample (stored after running the requested tests) were retrieved to confirm the identity
of the patient. In the Laboratory Information System, the patient’s unique ID was entered, and
the relevant values retrieved (HbAlc and Complete Blood Count). Care was taken to run the
samples within four hours of collection. Refer the flow chart given below for more the

schematic.

Informed consent was taken

|

Relevant history was taken,
and clinical examination was

done

After conforming the patient’s unique ID, the
analyzed parameters were retrieved from the LIS

l

Retrieved values were entered in the proforma and
compared at the end

Figure 8: Methods followed for retrieval of data
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METHODS OF COLLECTION OF DATA

Data on the analyzed parameters (glycated hemoglobin and complete blood count) from the
patients fulfilling the inclusion criteria were evaluated.
Complete blood count was done using an automated blood cell counter (Sysmex XN 1000,

Sysmex Corporation, Kobe, Japan, see figure below). Out of the CBC parameters, total WBC

count, differential count, and platelet count were of particular importance.

Figure 9: SYSMEX XN 350 and 1000
Neutrophil-lymphocyte ratio was calculated as absolute neutrophil count divided by absolute
lymphocyte counts.

Absolute neutrophil count
NLR =

Absolute lymphocyte Count
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Platelet-lymphocyte ratio was calculated as the total platelet count divided by lymphocyte
counts.

Total platelet count
PLR =

Absolute lymphocyte count

Glycated hemoglobin was measured using automated ion exchange high performance liquid

chromatography (BIORAD D10) according to the manufacturer’s instructions.

F w

boa

Figure 10: BIORAD D10

SAMPLE SIZE:

With 95% confidence level and margin of error of +7.5%, a sample size of 300 subjects will
included in the study to determine the association of Neutrophil-Lymphocyte ratio and blood
glucose regulation in type 2 Diabetes Mellitus patients with finite population correction
(N=5000).
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Formula used: n = z%p(1-p)

d2

Z= z statistic at 5% level of significance
d is margin of error

p is anticipated prevalence rate (50%)

The sample size of 300 were then divided equally into three groups: Group 1 (prediabetic with
HbA1c between 5.7-6.4%), Group 2 (diabetes mellitus with HbA1. more than 6.4%), and Group 3

(control with HbAz. value less than 5.7%).

Statistical analysis:

All statistics were summarized descriptively. For continuous variables, the summary statistics of
N, mean, standard deviation (SD) will be used. For categorical data, the number and percentage
were used in the data summaries and data were analyzed by comparison of means using t test,

ANOVA, post hoc, and diagrammatic presentation.
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Biological Reference Interval (40,53)

Parameters Biological Reference Interval
RBC 3.8-4.8 millions/c mm
Hb 11.6-14.5 g/dI
PCV 36-46 %
Platelet 150-450 x10°uL
WBC 4.8-10.8 x10%uL

Absolute Neutrophil Count

1.4-6.5 x103uL

Absolute Lymphocyte Count

1.2-3.4 x10°L

Absolute Eosinophil Count 0-0.5 x10%uL
Absolute Monocyte Count 0.1-0.6 x10%uL
Absolute Basophil Count 0-0.2 x103uL

Table 9: Reference values
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RESULTS

The study was conducted in the Department of Pathology and Department of Biochemistry, Shri
B.M. Patel Medical College, Hospital, and Research Centre, B.L.D.E (Deemed to be University),

Vijayapura.

The results of study are as follows:

1. Age-distribution (Please refer to Table 10 for more information)

a.

For Group 1 (pre-diabetic group), the mean age is 51.06 with the minimum age
being 18 and the maximum age of 84.

For Group 2 (diabetes mellitus), the mean age is 52.65 with the minimum age
being 18 and the maximum age being 80.

For Group 3 (control), the mean age is 45.28 with the minimum age of 17 and the
maximum age of 92.

Group Mean Minimum age Maximum age
Group 1 (Prediabetic) 51.06 18 84
Group 2 (Diabetic) 52.65 18 80
Group 3 (Control) 45.28 17 92

Table 10: Age-wise distribution of the sample population

2. Distribution of HbA1c levels among the groups (Please refer to the graph for more
information)

a.

For Group 1 (pre-diabetic group), the mean HbALlc level is 6.068% with the
minimum being 5.7% and the maximum of 6.4%.

For Group 2 (diabetes mellitus), the mean HbALc level is 9.51% with the
minimum being 6.50% and the maximum being 15.3%

For Group 3 (control), the mean HbA1c level is 5.17% with the minimum of
3.90% and the maximum age of 5.60%.

40




Figure 11: Mean HbAlc levels (%)
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Figure 11: Mean HbA levels

3. Gender distribution
a. The gender distribution for the study is as follows (Figure 12):

Frequency Percentage
Female 118 39.3%
Male 182 60.7%
Total 300 100%
Table 11: Gender distribution for the study
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Figure 12: Gender distribution

= Female = Male

Figure 12: Gender distribution among the participants of the study

b. The group-wise gender distribution is as shown in Figure 13.

70

60 M Prediabetic (Group 1)

. H Female
m Male

4 M Diabetic (Group 2)
H Female

3 m Male
H Control (Group 3)

g H Female

1 H Male

0

Figure 13: Gender distribution among the groups(%).

o

o

o

o

42



4. Descriptive Statistics

The mean, standard deviation, and the range for HbAlc, NLR, and PLR are shown in

Table 12 given below:

HbA1c NLR PLR

Group | Group |Group | Group |Group |Group | Group | Group | Group

1 2 3 1 2 3 1 2 3
Mean 6.068 9.515 5.175 2.088 3.950 1.677 113.963 | 152.127 | 94.199
Std. 0.220 2.399 0.370 0.640 2.008 0.729 54.114 | 70.633 |39.331
Deviation
Minimum | 5.70 6.50 3.90 1.020 1.190 0.709 31.532 | 31.389 | 18.446
Maximum | 6.4 15.30 5.60 4.324 9.652 4.414 37254 | 426.20 | 222.22

Table 12: Descriptive data among the three different groups

The box plots for HbAlc, NLR, and PLR among the different groups is shown below
(Figures 14,15,16)
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The scatterplot of HbAlc against NLR is shown below (Figure 17):
10 —

S} 10 15
HbA1C

Figure 17:
The scatterplot for HbAlc against PLR is shown below (Figure 18):
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Figure 18:
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The scatterplot for NLR vs PLR is shown in the figure below (Figure 19):
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Figure 19:

POST-HOC ANALYSIS

One way ANOVA was used to compare the total WBC count between the different groups and

no statistically significant difference was seen between the groups (Table 13).

Group Comparison group Mean value p-value Significance
Group 1 Group 2 9258.2 0.438 Not significant
Group 3 (Control) 8555.9 0.251 Not significant
Group 2 Group 1 8975.2 0.438 Not significant
Group 3 (Control) 8555.9 0.055 Not significant
Group 3 (Control) Group 1 8975.2 0.251 Not significant
Group 2 9258.2 0.055 Not significant

Table 13: Total WBC count between different groups
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One way ANOVA was used to compare the absolute neutrophil count between the different
groups and a statistically significant increase was seen in Group 1 (pre-diabetic) and Group 2
(diabetic) compared to Group 3 (Control). Similarly, the absolute neutrophil count was found to
be increased in Group 2 (Diabetes) in comparison to Group 1 (pre-diabetic). See the table 14
below for more information.

Group Comparison group Mean p-value Significance
Group 1 Group 2 6641.7 0.000* Significant
Group 3 (Control) 4758.7 0.003* Significant
Group 2 Group 1 5523.01 0.000* Significant
Group 3 (Control) 4758.7 0.000* Significant
Group 3| Group 1 5523.01 0.003* Significant
(Control) 5 roup 2 66417 | 0.000 Significant
Table 14: Absolute neutrophil count between different groups
The mean difference was found to be significant at a p-value of 0.05

One way ANOVA was used to compare the absolute lymphocyte count between the different
groups and a statistically significant decrease was seen in Group 1 (pre-diabetic) and Group 2
(diabetic) compared to Group 3 (Control). Similarly, the absolute lymphocyte count was found to
be decreased in Group 2 (Diabetes) in comparison to Group 1 (pre-diabetic). See the table 15
below for more information.

Group Comparison group Mean p-value | Significance
Group 1 Group 2 1983.16 0.000* Significant
Group 3 (Control) 3163.01 0.009* Significant
Group 2 Group 1 2776.56 0.000* Significant
Group 3 (Control) 3163.01 0.000* Significant
Group 3| Group 1 2776.56 0.009* Significant
(Control) Group 2 198316 | 0.000~ | Significant
Table 15: Absolute lymphocyte count between different groups
The mean difference was found to be significant at a p-value of 0.05
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One way ANOVA was used to compare the absolute eosinophil count between the different
groups. It was found that the absolute eosinophile count was found to be to be decreased in the
Group 1 (Pre-diabetes) and Group 2 (Diabetes) compared to Group 3 (Control). Comparisons
among the other groups yielded no statistically significant results (Table 16).

Group Comparison group Mean p-value Significance
Group 1 Group 2 223.3 .025 Significant
Group 3 (Control) 326.23 534 Not significant
Group 2 Group 1 303.91 .025 Significant
Group 3 (Control) 326.23 .004 Significant
Group 3| Group 1 303.91 534 Not significant
(Control)
Group 2 223.3 .004 Significant
Table 16: Absolute eosinophil count between different groups
The mean difference was found to be significant at a p-value of 0.05

One way ANOVA was used to compare the absolute monocyte count between the different
groups and no statistically significant difference was seen between the groups (Table 17).

Group Comparison group | Mean p-value Significance
Group 1 Group 2 379.11 .075 Not significant

Group 3 (Control) 321.98 .864 Not significant
Group 2 Group 1 317.69 .075 Not significant

Group 3 (Control) 321.98 .063 Not significant
Group 3| Group 1 317.69 .864 Not significant
(Control Group 2 379.11 .063 Not significant
Table 17: Absolute monocyte count between different groups
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One way ANOVA was used to compare the absolute basophil count between the different
groups. It was found that the absolute basophil count was found to be decreased in the Group 2
(Diabetes) compared to Group 3 (Control). Similarly, the absolute basophil count was found to
be statistically decreased in Group 2 compared to Group 1. Comparisons among the other groups
yielded no statistically significant results (Table 18).

Group Comparison group | Mean p-value Significance
Group 1 Group 2 27.89 .002 Significant
Group 3 (Control) 50.36 .987 Not significant
Group 2 Group 1 50.47 .002 Significant
Group 3 (Control) 50.36 .002 Significant
Group 3| Group 1 50.47 .987 Not significant
(Control)
Group 2 27.89 002 Significant
Table 18: Absolute basophil count between different groups
The mean difference was found to be significant at a p-value of 0.05

The Neutrophil-Lymphocyte ratio was compared between different groups using one-way
ANOVA. It was found that NLR had a statistically significant increase in Group 2 (Diabetes)
compared to both Group 1 (Pre-diabetic) and Group 3 (Control). There was no significant
difference between Control and Pre-diabetic group (Table 19).

Group Comparison group | Mean p-value Significance
Group 1 Group 2 3.94 .000 Significant
Group 3 (Control) | 1.67 .08 Not significant
Group 2 Group 1 2.08 .000 Significant
Group 3 (Control) 1.67 .000 Significant
Group 3| Group 1 1.6768 .08 Not significant
(Control) Group 2 3.94 .000 Significant
Table 19: Neutrophil-Lymphocyte Ratio between different groups
The mean difference was found to be significant at a p-value of 0.05
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One way ANOVA was used to compare the platelet count between the different groups and no
statistically significant difference was seen between the groups (Table 20).

Group Comparison group | Mean p-value Significance
Group 1 Group 2 265900 205 Not significant

Group 3 (Control) 265690 199 Not significant
Group 2 Group 1 281560 205 Not significant

Group 3 (Control) 265690 986 Not significant
Group 3| Group 1 281560 199 Not significant
(Control)

Group 2 265900 986 Not significant
Table 20: Platelet count between different groups

The Platelet-Lymphocyte ratio was compared between different groups using one-way ANOVA.
It was found that PLR had a statistically significant increase in Group 2 (Diabetes) compared to
both Group 1 (Pre-diabetic) and Group 3 (Control). The PLR was also found to have a
statistically significant increase in Group 2 (Diabetes) in comparison to Group 1 (Pre-diabetic).
There was no significant difference between Control and Pre-diabetic group (Table 21).

Group Comparison group | Mean p-value Significance
Group 1 Group 2 153.12 .000 Significant
Group 3 (Control) | 94.19 .062 Not significant
Group 2 Group 1 113.96 .000 Significant
Group 3 (Control) | 94.19 .000 Significant
Group 3| Group 1 113.96 .062 Not significant
(Control) Group 2 153.12 000 Significant
Table 21: PLR between different groups
The mean difference was found to be significant at a p-value of 0.05
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One way ANOVA was used to compare the RBC count, hemoglobin, and PCV between the
different groups and no statistically significant difference was seen between the groups (Table
22,23, 24).

Group Comparison group | Mean p-value Significance
Group 1 Group 2 4.47 980 Not significant
Group 3 (Control) 4.39 571 Not significant
Group 2 Group 1 4.46 980 Not significant
Group 3 (Control) 4.39 554 Not significant
Group 3| Groupl 4.46 571 Not significant
(Control)
Group 2 4.47 554 Not significant

Table 22: RBC count between different groups

Group Comparison group | Mean p-value Significance
Group 1 Group 2 12.42 762 Not significant
Group 3 (Control) 12.71 350 Not significant
Group 2 Group 1 12.35 762 Not significant
Group 3 (Control) 12.71 217 Not significant
Group 3| Group 1 12.35 350 Not significant
(Control) Group 2 12.42 217 Not significant

Table 23: Hemoglobin between different groups
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Group Comparison group | Mean p-value Significance
Group 1 Group 2 36.28 339 Not significant
Group 3 (Control) | 38.02 495 Not significant
Group 2 Group 1 37.21 339 Not significant
Group 3 (Control) | 38.02 081 Not significant
Group 3| Group 1 37.21 495 Not significant
(Control)
Group 2 36.28 081 Not significant

Table 24: PCV between different groups

The lipid profile parameters were compared between the groups and the results are given below:

One way ANOVA was used to compare the serum triglyceride levels between the different
groups and a statistically significant increase was seen in the diabetic group in comparison to
prediabetic group (Table 25).

Group Comparison group | Mean p-value Significance
Group 1 Group 2 211.14 .035 Significant
Group 3 (Control) | 163.68 .839 Not significant
Group 2 Group 1 158.21 .035 Significant
Group 3 (Control) | 163.68 .066 Not significant
Group 3| Group 1 158.21 .839 Not significant
(Control) _
Group 2 211.14 .066 Not significant

Table 25: Serum triglyceride levels between different groups
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One way ANOVA was used to compare the serum cholesterol levels between the different
groups and no statistically significant difference was seen between the groups (Table 26).

Group Comparison group | Mean p-value Significance
Group 1 Group 2 164.1 .098 Not significant
Group 3 (Control) 176.87 474 Not significant
Group 2 Group 1 185.12 .098 Not significant
Group 3 (Control) 176.87 .367 Not significant
Group 3| Group 1 185.12 474 Not significant
(Control) —
Group 2 164.1 367 Not significant

Table 26: Serum cholesterol levels between different groups

One way ANOVA was used to compare the serum HDL between the different groups and no
statistically significant difference was seen between the groups (Table 27).

Group Comparison group | Mean p-value Significance
Group 1 Group 2 35.44 538 Not significant
Group 3 (Control) 38.44 658 Not significant
Group 2 Group 1 37.17 538 Not significant
Group 3 (Control) 38.44 305 Not significant
Group 3| Group 1 37.17 658 Not significant
(Control)
Group 2 35.44 305 Not significant

Table 27: Serum HDL levels between different groups
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One way ANOVA was used to compare the serum LDL between the different groups and a
statistically significant increase was seen in the prediabetic group compared to the prediabetic
group (Table 28).

Group Comparison group | Mean p-value Significance
Group 1 Group 2 88.98 .013 Significant
Group 3 (Control) 105.34 .338 Not significant
Group 2 Group 1 116.41 .013 Significant
Group 3 (Control) 105.34 135 Not significant
Group 3| Group 1 116.41 .338 Not significant
(Control)
Group 2 88.98 135 Not significant

Table 28: Serum LDL levels between different groups

One way ANOVA was used to compare the serum VLDL between the different groups and no
statistically significant difference was seen between the groups (Table 28).

Group Comparison group Mean p-value Significance
Group 1 Group 2 36.53 .283 Not significant
Group 3 (Control) 42.76 841 Not significant
Group 2 Group 1 31.12 .283 Not significant
Group 3 (Control) 42.76 402 Not significant
Group 3| Group1 31.12 841 Not significant
(Control) Group 2 36.53 402 Not significant

Table 29: Serum VLDL levels between different groups
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DISCUSSION

Type II Diabetes Mellitus is the most prevalent chronic disease across the world. Termed ‘The
Silent Killer’, Type II Diabetes Mellitus exerts a great toll on the health infrastructure of all
nations across the globe. The long-term complications of Type Il Diabetes Mellitus, including
cardiovascular, renal, neurological, and metabolic disturbances greatly increase the mortality and
morbidity of patients (41). The extent of damage that may be caused by Type Il Diabetes
Mellitus results in the need for developing newer tools for predicting the extent of complications
effectively and cost efficiently. This study was such an attempt to develop a tool for accurate and

economical prediction of the disease and its complications.

In this study, there was no statistically significant difference between the total leukocyte count
between the three different groups. This contrasts with the observation made by Barbora et. al
and Kayo et. al (54) (55) (56) (57), where they noticed an association between increased WBC
count and deteriorating action of insulin, tipping the scale towards the development of Diabetes
Mellitus. Their findings strengthened the notion that development of Type Il Diabetes Mellitus

may be associated with the chronic activation of immune system.

In this study, Absolute Neutrophil Count (ANC) is found to be indicator for Type Il Diabetes
Mellitus, with a statistically significant increase seen in ANC in those with Diabetes Mellitus
compared to Impaired Glucose Tolerance and the Control group. These findings were

corroborated by various other authors including Fatih et al (2).

Absolute Lymphocyte Count was found to be statistically significant among the three different
groups in our study. The absolute lymphocyte count was the lowest for the Diabetic group in

comparison to pre-diabetic and control group, whereas it was lower for the pre-diabetic group in
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comparison to the control group. Similar findings were obtained by Fatih et. al in his work on

Neutrophil-Lymphocyte Ratio and diabetes mellitus (2).

The Neutrophil-Lymphocyte Ratio (NLR) is found to be significantly different in diabetics in
comparison to both pre-diabetics and control group. Similar findings have been obtained by
various other authors across the world (58) (2) (59) (60) (1) (61). In addition to Diabetes
Mellitus, NLR has also been attributed in morbidly obese patients, as shown in a study by
Yilmaz et al. His data proved that increase in NLR is a strong predictor of development of Type
I Diabetes Mellitus in morbidly obese individuals (62). On top of being a predictor for Type Il
Diabetes Mellitus, an increase in NLR has also been noticed in cases of Diabetic Retinopathy, as
shown by Wang et al (63). The use of NLR as a prognostic markers extends beyond Diabetic
Retinopathy, but may be used for other diabetic complications like neuropathy, peripheral

vascular disease, and nephropathy (64).

Our study also proves that the Platelet-Lymphocyte Ratio (PLR) also increases in the diabetic
group in comparison to the pre-diabetic and control group. This is an expected finding since a
decrease in lymphocytes is seen in Type Il Diabetes Mellitus. This contrasts with the findings by
Metroglau et al, who concluded that PLR decreases in the pre-diabetic stages, but increases in
diabetic group (58). Demirtas et al concluded that leukocyte count, platelet distribution width,
and PLR may serve as independent predictor of diabetes, while leukocyte count, mean platelet
volume, neutrophil-lymphocyte ratio and platelet-lymphocyte ratio may be independent

predictors of impaired glucose tolerance (47).

The serum LDL and VLDL levels were found to be significantly elevated in the diabetic group in

comparison to the pre-diabetic group. Surprisingly, no statistically significant difference was
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observed between the diabetic and control group. This is in contrast to the conclusion from

Mertoglu et al, who found no statistically significant difference among any of the groups (58).

The conclusions derived from our study is compared and contrasted with other studies on similar

parameters in the table given below (Table 30):

Parameter

Relation to blood
glucose levels

Concordant studies

Discordant studies

Total leukocyte count

No statistically
significant difference

None

Vozaroa et al; Kayo et
al; Tong et al

Absolute Neutrophil
Count

Increased ANC in
diabetics in
comparison to control

Increased ANC in
pre-diabetics in
comparison to control

Increased ANC in
pre-diabetics in
comparison to control

Fatih et al

None

Absolute lymphocyte
count

Significantly lowered
in the diabetic group
compared to
prediabetic and
control

Fatih et al

None

Neutrophil-
Lymphocyte ratio

Increased NLR in
diabetics in
comparison to control

Increased NLR in pre-
diabetics in
comparison to control

Increased NLR in
diabetics in
comparison to pre-
diabetics

Sefil et al
Merteglu and Gunay
Azab B et al
Devamsh et al
Hussain et al

Lou et al

None

Platelet-Lymphocyte

Increased PLR in

Demitras et al

Mertoglu and Gunay
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Ratio

diabetics in
comparison to control

Increased PLR in pre-
diabetics in
comparison to control

Increased PLR in
diabetics in
comparison to pre-
diabetics

LDL

Statistically
significant increase in
the diabetic group in
comparison to the pre-
diabetic group

None

Mertoglu and Gunay

VLDL

Statistically
significant increase in
the diabetic group in
comparison to the pre-
diabetic group

None

Mertoglu and Gunay

Table 30: Comparison of the conclusions of our study to other studies on the same

parameters
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Summary

Type Il Diabetes Mellitus is one of the most important chronic diseases prevalent in the world in
terms of morbidity and mortality. In developing countries, the effect of diabetes mellitus and its
complications proves to be a huge burden on the healthcare infrastructure. Even though there are
a lot of tests available for the diagnosis and follow-up of diabetes mellitus, these may not be
available in all health care centers, particularly in the rural areas. This study was undertaken with
the objective of developing an affordable and reliable test for follow up as well as prediction of

glycemic control.

Research has proven that neutrophil-lymphocyte ratio and platelet-lymphocyte ratio is altered

during different stages of Type Il Diabetes Mellitus. Building upon that, we divided our
participants into three groups, (Group 1 (prediabetic with HbA:. between 5.7-6.4%), Group 2

(diabetes mellitus with HbA1c more than 6.4%), and Group 3 (control with HbA1¢ value less than
5.7%). Neutrophil-lymphocyte ratio and platelet-lymphocyte ratio (among other parameters)
were compared among the three groups and the statistical significance determined using

ANOVA.

We found a statistically significant association for NLR and PLR between the participants in the
diabetic group and the control group. Hence, we conclude that NLR and PLR may be used as a
more economical alternative to glycated hemoglobin for monitoring glycemic control in those
areas with minimal health infrastructure. Further research needs to be undertaken to establish the

NLR/PLR values against the corresponding HbA values.
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LIMITATIONS OF THE STUDY

1. Our study is a cross-sectional study, and the parameters are measured on that specific
day. If any pre-analytical errors/variables have crept in on the day of analysis, the values
might be biased. Conducting serial measurements of these parameters would have
provided a better picture.

2. Lipid profiles of all patients could not be collected, thereby potentially biasing the
analysis of lipid profile parameters.

3. Patients with anemia of unknown causes/unknown hemoglobinopathies were not
excluded. This may potentially cause false high/low values of HbAc.

4. The current coronavirus pandemic may have introduced bias into the study since patients

recovered from COVID were not a part of the exclusion criteria.
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CONCLUSIONS

Neutrophil-Lymphocyte Ratio and Platelet-Lymphocyte Ratio may be used as
economical and efficient screening tests for the monitoring of patients with Type Il
Diabetes Mellitus.

Being a routine investigation and being something that may be done in any basic
hematology laboratory, NLR and PLR has the potential to be of great use for follow-up
and prediction of complications in cases of Type Il Diabetes Mellitus.

Further studies conducted in more controlled conditions will definitely pave way for
various advances in the diagnosis, follow-up, and management of Type Il Diabetes

Mellitus across the globe.
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Annexure Il

INFORMED CONSENT FOR PARTICIPATION IN DISSERTATION/RESEARCH

I, the undersigned, ,S/0 D/O W/O ,age years,
ordinarily resident of do hereby state/declare that Dr.
of Hospital has examined me thoroughly on at

(place) and it has been explained to me in my own language that | am suffering

from disease (condition) and this disease/condition mimic following

diseases. Further Doctor informed me that he/she is conducting dissertation/research titled

under the guidance of Dr requesting my participation in

the study. Apart from routine treatment procedure, the pre-operative, operative, post-operative,

and follow-up observations will be utilized for the study as reference data.

Doctor has also informed me that during conduct of this procedure like adverse results may be
encountered. Among the above complications most of them are treatable but are not anticipated
hence there is chance of aggravation of my condition and in rare circumstances it may prove fatal
in spite of anticipated diagnosis and best treatment made available. Further Doctor has informed
me that my participation in this study help in evaluation of the results of the study which is
useful reference to treatment of other similar cases in near future and, also | may be benefited in

getting relieved of suffering or cure of the disease | am suffering.

The Doctor has also informed me that information given by me, observations made/
photographs/ video graphs taken upon me by the investigator will be kept secret and not assessed

by the person other than me or my legal hirer except for academic purposes.
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The Doctor did inform me that though my participation is purely voluntary, based on information
given by me, I can ask any clarification during the course of treatment / study related to
diagnosis, procedure of treatment, result of treatment or prognosis. At the same time, | have been
informed that | can withdraw from my participation in this study at any time if | want or the
investigator can terminate me from the study at any time from the study but not the procedure of

treatment and follow-up unless | request to be discharged.

After understanding the nature of dissertation or research, diagnosis made, mode of treatment, |

the undersigned Shri/Smt under my full conscious state of

mind agree to participate in the said research/dissertation.

Signature of patient:

Signature of doctor:

Witness: 1.
2.

Date:

Place
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Annexure 111

PROFORMA

NAME: OP/IP No.:
AGE:

SEX: D.O.A:

RELIGION: D.O.D:
OCCUPATION:

RESIDENCE:

Presenting Complaints

Past history

Personal history

Family history

Treatment history

General physical examination:

Pallor present/absent

Icterus present/absent

Clubbing present/absent

Lymphadenopathy present/absent

Edema present/absent

Built poor/average/well

VITALS: PR: RR:

BP: TEMPERATURE:
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WEIGHT:



SYSTEMIC EXAMINATION:

Cardiovascular system:
Respiratory system:

Per Abdomen:

Central nervous system:
Renal System:

Fundus examination:

Clinical Diagnosis:

INVESTIGATIONS

Parameters Group 1 Group 2 p-value

Total WBC count(10%/ul)

Absolute Neutrophil
count(10%/ul)

Absolute Lymphocyte
count(10%/ul)

Absolute Eosinophil
count(10%/ul)

Absolute Monocyte
count(10%/ul)

Absolute Basophil
count(10%/ul)

NLR

Platelet(10%/ul)

PLR

RBC(10%/ul)

Hb(gm%)

HCT/PCV/(%)
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Key to master chart

OP Outpatient

IP Inpatient

HbA1c Glycated Hemoglobin Axc.
NLR Neutrophil Lymphocyte Ratio
PLR Platelet Lymphocyte Ratio
WBC White Blood Cells

RBC Red Blood Cells

ANC Absolute Neutrophil Count
ALC Absolute Lymphocyte Count
AEC Absolute Eosinophil Count
AMC Absolute Monocyte Count
ABC Absolute Basophil Count

PCV Packed cell volume

S.TG Serum Triglycerides

S. Chl Serum Cholestrol

S.HDL Serum High density lipoprotein
S.LDL Serum Low density lipoprotein
S.VLDL Serum Very low density lipoprotein
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