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                                                   ABSTRACT 

AIMS AND OBJECTIVE:  

The study of neutrophils to lymphocyte ratio in moderately controlled diabetes 

(hba1c 7-9) and its correlation with microvascular complications 

a) To measure neutrophil lymphocyte ratio in patients with moderately 

controlled type 2 diabetes mellitus. 

b) To determine the correlation between neutrophil lymphocyte ratio and 

microvascular complications in moderately controlled type 2 diabetes 

patients. 

TYPE OF STUDY: -Prospective study, Cross sectional study 

MATERIALS AND METHODS: Prospective study, cross sectional study, carried 

out on the patients with type 2 diabetes mellitus patients with hba1c levels 7 to 9, who 

are attending medicine opd and admitted under medicine. Complete blood count, 

fundoscopy, urine microalbumin and monofilament were analysed in these patients.  

RESULTS:- This study shows that more than half (63%) of the study participants 

were males and 37% were females. Most of the patients came for follow up (81%). In 

our study it was observed that patient with microvascular complications like 

retinopathy, nephropathy and neuropathy had higher NLR when compared with 

patients with no microvascular complications.  

CONCLUSION: Our study revealed that NLR was significantly raised in T2DM 

patients with microvascular complications. NLR being a simple, cost effective and 

easily available investigation can be used for screening tool to detect diabetic micro 

complications at an earliest especially in a resource constrained setup with limited 

laboratory facilities. Hence, NLR can be considered as a potential alternative for other 
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costlier inflammatory markers and also a prognostic biomarker of any microvascular 

complications among T2DM patients. 

KEY WORDS: Type2 DM, NLR- Neutrophil-lymphocyte ratio, Microvascular 

complications.       
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INTRODUCTION 

Type 2 diabetes mellitus (T2DM), a group of chronic common metabolic 

disorders, is characterized by hyperglycemia resulting from defects in insulin action, 

insulin secretion, or both and is contributed by the interaction of behavioural, 

environmental, and genetic risk factors.
1,2

  

 Increased glucose production in the liver due to insulin resistance combined 

with decreased glucose uptake in adipose tissue and muscle at a set insulin level in 

T2DM is responsible for hyperglycemia. Determinants of T2DM consist of a matrix 

of epigenetic, genetic and lifestyle factors (like overweight, central obesity, sedentary 

lifestyle, smoking, medications, psychological stress) interacting with one another and 

operating within the larger physical–sociocultural environment. Many 

epidemiological studies show evidence that even with a strong genetic predisposition 

for T2DM, it can be prevented with lifestyle modifications.
3 

Global burden: 

Diabetes which was once considered as the disease of the affluent “Western” 

countries, has now spread globally, (pradeepa) and has recently assumed epidemic 

proportions. Prevalence of DM globally in 2019 was estimated to be 9.3% (463 

million people) which is expected to rise up to 10.2% (578 million people) by 2030 

and by 2045 up to 10.9% (700 million) representing 51% increase from 2019, greatest 

increase being in developing countries of Africa, Asia and South America.
2,4

  

Globally it was seen that approximately 1 in every 11 adults has T2DM, and about 

75% of those with T2DM are from developing countries.
3
 Major factors responsible 

for the rapid global increase in the diabetic epidemic were the rapid socioeconomic 

change along with urbanization and industrialization. In 2019 International Diabetes 

Federation (IDF) reported the top three countries with the highest prevalence of 
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diabetes which is China with 116.4 million cases, India having 77.0 million cases, and 

the United States of America (31.0 million). According to the Global Burden of 

Disease Study, the population growth and ageing in the world’s largest countries, 

China and India are the main reason for this trend which is expected to continue in 

2030 and 2045. Other associated risk factors which also played a major role included 

unhealthy eating habits, population growth, and a sedentary lifestyle.
4
  

Complications of diabetes: 

Uncontrolled diabetes can lead to increased risk of vascular disease such as 

cardiovascular (CV), cerebrovascular, and peripheral artery disease summarized as 

macrovascular and diabetic retinopathy, nephropathy, and neuropathy which are 

microvascular complications. One of the observational studies among 28 countries in 

Africa, Asia, South America and Europe showed that microvascular complications 

were seen in half of patients with T2DM while macrovascular complications were 

seen in 27% of those with T2DM. Also cohort studies from developed countries 

showed a relative risk of 10-20 for microvascular disorders and 2-4 for macrovascular 

disorders among patients with diabetes mellitus suggesting that the risk is higher 

compared to those without diabetes mellitus.
3 

DM along with its joint micro and macro complications has become a major 

cause of disability, morbidity and early mortality in society. Diabetes not only reduces 

the quality of life due to its complications but also due to increased costs to the 

family, community, and healthcare system
4
 and in US lifespan of an individual was 

seen to be reduced by 8‑year due to the associated complications. In 2015 it was seen 

that of the global health expenditure about 12% was spent on treatment of T2DM and 

its related complications while and 53% of the lifetime medical expenditure of a 

diabetic patient is attributed to treating the major complications of T2DM 
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(nephropathy, retinopathy, neuropathy, stroke and coronary heart diseases) in the 

USA.
3 

 Out of all the causes of mortality, it is anticipated that globally around 10% 

can be attributable to diabetes.
2,5

 According to World Health Organization (WHO) on 

the other hand mortality due to non communicable diseases (which includes 

cardiovascular disease, respiratory disease, and cancer) in 2019 was estimated as 74% 

of which 1.6 million deaths were attributed to diabetes making it the ninth leading 

cause of death globally. It has also been predicted that by the year 2035, people dying 

due to diabetes might reach nearly 592 million.
4 

Diabetes status in India:  

In India in the past few years diabetes has reported a pointed augment in its 

prevalence with a rise from 7.1% in 2008 to 8.9% among adults in 2019 according to 

IDF. Around 25.2 million adults were reported to be pre diabetic with an estimated 

increase to 35.7 million in the year 2045. The number of people living with diabetes 

in India in 2019 was projected to be 77 million and has turned into a country with the 

second-largest diabetes next to China.
4,5

 Of these 12.1 million diabetics were more 

than 65 years and this number are estimated to increase to 27.5 million by 2045. In 

2016, India had a DALY rate which was 4‑fold for diabetes compared to that of 1990, 

with a dramatic increase in ranking from 35th place in 1990 to 13th place in 2016. 

Another major challenge while dealing with diabetes is the undiagnosed cases which 

is nearly 57% of adults in India accounting for 43.9 million individuals. Diabetes 

accounts for a mean healthcare expenditure of 92 US dollars per person and 1 million 

deaths were directly attributable to diabetes.
4
  

 

 



Introduction  

4 

Challenges faced while dealing with diabetes: 

Diabetes which has been already considered as a leading threat to public 

health globally with grimmer picture for the low‑.and middle‑income countries like 

India, will continue to rise in the coming decades.
4
 This rise is primarily driven by life 

style modifications like dietary variations and lack or insufficient physical activity 

leading to overweight or obesity and diabetes.
6
 To curb this epidemic a multipronged 

strategy is needed which involves early diagnosis by screening for both diabetes and 

its complications, offering therapy at all levels to those with diabetes and primary 

prevention in those with prediabetes.
4
 Challenges posed in caring for chronic diseases 

like diabetes include being compliant to treatment, preventing complications and its 

management which requires continuum of care by the coordination across all tiers of 

health systems at all stages of the disease.
6
 Another major challenge while dealing 

with complications of diabetes is the absence of internationally recognized 

standardized definition or diagnostic criteria or classification for the complications of 

T2DM hence making it hard to estimate precisely their contributions to morbidity and 

mortality.  

Inflammatory makers in diabetes:  

Inflammatory pathways were suggested to be activated in recent studies in 

type 2 DM and those subclinical inflammations enhanced metabolic disturbances 

leading eventually to vascular complications. Hence nowadays inflammatory markers 

derived from standard blood count test are in demand.
7,8

  

Earlier used hematological parameters as indicators of endothelial dysfunction 

and inflammation include platelet count, mean platelet volume (MPV), platelet 

distribution width (PDW), white blood count (WBC) and neutrophil to lymphocyte 

ratio (NLR).
1 
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 Total leucocyte count is a crude, but sensitive indicator of inflammation and is 

studied in many non-communicable diseases as an inflammatory marker such as acute 

myocardial infarction (MI), stroke, and heart failure. However, the subtypes, 

particularly the neutrophils, lymphocytes, and subsequent calculation of neutrophil–

lymphocyte ratio (NLR), which is relatively more stable than individual leukocyte 

parameters, could be altered by various physiological, pathological, and physical 

factors. The NLR is a simple and cheap laboratory tool studied as an inflammatory 

marker that is used to predict the prognosis of many non-communicable diseases such 

as acute MI, stroke, heart failure, appendicitis, cardiac diseases, cancer, and DN.
2
 

Neutrophil – Lymphocyte ratio (NLR), which can be calculated through the easily 

available blood counts. NLR may be considered as a marker of chronic inflammation. 

It represents a combination of two markers; neutrophils, which represent the active 

nonspecific mediator initiating the first line of defense with a negative effects leading 

to endothelial damage and lymphocytes, representing the regulatory or protective 

antiatherosclerotic component of inflammation. NLR has been demonstrated to be a 

simple, cost effective investigation.
9
 Therefore, the NLR has been considered a 

convenient indicator for systemic inflammation.
10 
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OBJECTIVES 

Objectives of the Study: 

c) To measure neutrophil lymphocyte ratio in patients with moderately 

controlled type 2 diabetes mellitus. 

d) To determine  the correlation between neutrophil lymphocyte ratio and 

microvascular complications in moderately controlled type 2 diabetes 

patients. 
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REVIEW OF LITERATURE 

Overview:  

Insulin is a hormone which regulates blood glucose and diabetes, a chronic 

disease, occurs when the pancreas is not able produce enough insulin or when the 

action insulin produced does not act on the body effectively. These abnormal 

mechanism leads to hyperglycaemia (also called raised blood glucose or raised blood 

sugar) which over time leads to serious damage to nerves and blood vessels.
11  

 

Global burden:  

In 2019 almost 37.3 million (11.3%) people of all ages in US had diabetes. Of 

these 8.5 million adults (aged 18 years or older) with diabetes were not aware or did 

not report (undiagnosed diabetes) which accounts for 3.4% of all US adults and 

23.0% of all US adults with diabetes. The prevalence of diabetes increased with age 

with 29.2% having diabetes among those aged 65 years or older. Prevalence estimates 

were 10.3% in 2001–2004 and 13.2% in 2017–2020 for total diabetes. In 2019, in the 

age group of 18 years and older, 96 million (38%) adults were found to be pre-
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diabetic based on their fasting glucose or A1C level and 19.0% of them were 

informed about their condition by the health professionals. This prediabetic condition 

was higher in men (41.0%) compared to that of women (32.0%).
12 

It is a disproportionately expensive disease; in the United States in 2012, the 

direct and indirect costs of diagnosed diabetes were estimated to be $245 billion; 

people with diagnosed diabetes had average medical expenditures 2.3 times those of 

people without diabetes.
 13, 14

 

Burden in India: 

Past decade, India has seen an increase in diabetes prevalence as reported by 

IDF. State‑ level disease burden reported in India stated an increase in diabetes 

prevalence among all ages from 1990 to 2016 which was 64.3% and age‑standardized 

prevalence of 29.3%. The India State‑Level Disease Burden Initiative Diabetes study 

collaborators in India reported the increased number of people with diabetes and 

prevalence from 26.0 million and 5.5% in 1990 to 65.0 million and 7.7% in the year 

2016 respectively. The study also reported that in 2016 Tamil Nadu had the highest 

prevalence followed by Kerala, Delhi, Punjab, Goa, and Karnataka. In the largest 

epidemiological survey conducted among 15 states/UT in India, Indian Council of 

Medical Research–India DIABetes study, on diabetes and pre-diabetes, showed that 

the range of diabetes prevalence was 3.5- 8.7% in rural areas and 5.8- 15.5% in urban 

areas. Pre-diabetes prevalence ranged from 5.8 to 14.7% in rural while in urban area it 

was 7.2 to 16.2%. In most of the states prevalence of pre-diabetes was found to be 

more than the prevalence of diabetes which indicates a large number of individuals 

who will develop type 2 diabetes in the near future. Studies have shown evidence that 

Asian Indians progress from pre-diabetes stage to diabetes more rapidly when 
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compared to other ethnic group people. Diabetes prevalence was higher among higher 

per capita GDP states and in individuals belonging to the higher SES.
4 

Signs and symptoms:  

Patient with diabetes usually presents with classic symptoms such as polyuria, 

polydipsia, polyphagia, weight loss and other symptoms suggesting hyperglycemia 

which might include lower extremity paresthesias, blurred vision, or yeast infections, 

particularly balanitis in men.  

However most of the type 2 diabetics are asymptomatic and remains 

undiagnosed for many years which according to  the older studies was found to be at 

least 4-7 years at the time of diagnosis. Another Prospective Diabetes Study in UK 

showed that 25% of the diabetic patients had retinopathy; 9%, neuropathy; and 8% 

nephropathy at the time of diagnosis.
15 

 

Dawn phenomenon 

Its defined as increase in blood glucose by over 20 mg/dL at the end of the 

night, in type 2 diabetes and this phenomenon was noted in a study of 248 noninsulin-

treated patients with type 2 diabetes on continuous glucose monitoring for 2 

consecutive days. HbA1c levels with a mean value of 4.3mmol/mol and 24-hour mean 
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glucose values (with a mean of 12.4mg/dl) were found to be significantly higher in 

patients with dawns phenomenon.
15 

Etiology 

T2DM etiology involves complex interactions between genetic and 

environmental factors. Diabetes was seen to develop when lifestyle like excessive 

caloric intake, obesity, inadequate caloric expenditure which were diabetogenic were 

superimposed on a susceptible genotype. 

Diabetes is seen in 90% of individuals who are overweight while obesity was 

responsible for new onset diabetes in 41% of the individuals.
 16,17,18 

But it varies in 

different racial groups where Asians develop diabetes with lower level of overweight 

compared to that of Europeans. In African American diabetes is more commonly 

associated with hypertension and prehypertension compared to those in whites.
 19 

Another large prospective population-based, study on the other hand has shown that 

the risk factor for diabetes might be an energy-dense diet which is independent of 

baseline obesity.
 20 

Low birth weight resulting from unfavorable utero environment 

may also predispose individuals to develop type 2 diabetes mellitus.
 15 

Infant weight 

velocity has an effect on its BMI and waist circumference which indirectly effects an 

adult’s insulin resistance.
 21

 

Environmental pollutants were suggested to play a role in the development 

and progression of T2DM in some of the studies.
 22  

Patients taking glucocorticoids or 

those having conditions like Cushing syndrome, pheochromocytoma, acromegaly 

which haves insulin antagonistic action may have secondary diabetes 

Glucagonlike peptide–1 (GLP-1), expressed on the carotid body, was seen to 

be associated with diabetes and hypertension. Its reduced expression “is linked to 

sympathetic hyperactivity with cardiometabolic disease” was seen while studying rats. 
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Hence GLP-1 not only plays its known part in glucose control but controls blood 

pressure as well.
 23,24

 

 

MAJOR RISK FACTORS:  

The following were listed to be the risk factors of diabetes:
15 

 Age >45 years (but type 2 diabetes mellitus in recent years has been 

seen to occur in young individuals with increasing frequency) 

 Weight >120% of desirable body weight 

 Family history in a first-degree relative (parent or sibling) 

 Hispanic, Native American, African American, Asian American 

 Tested positive for impaired glucose tolerance (IGT) or impaired 

fasting glucose (IFG) 

 Hypertension (>130/80 mm Hg) or dyslipidemia (HDL cholesterol 

less than 40 mg/dL or triglyceride level more than 150 mg/dL) 

 History of gestational DM or delivered a baby with a birth weight of > 

9 lb 

 Polycystic ovarian syndrome which causes insulin resistance 

 Some other risk factors have been listed below: 

Genetic influences 

Even though adhering to a healthy lifestyle and maintaining a healthy body 

weight have shown to prevent mamy cases of T2DM, some individuals with pre-

diabetes mellitus show more susceptibility to T2DM than others, suggesting an 

individual differences in response to lifestyle interventions. Twin and family studies 

have given substantial evidence to suggest a genetic basis of T2DM. Successive 

waves of T2DM over the past decade have shown genome-wide association and 

studies have demonstrated the complex polygenic nature identifying >100 robust 
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association signals associated with T2DM. Most loci had their primary effects on 

insulin secretion, and a minority by reducing insulin action and hence increasing 

T2DM risk.
3 

The genetics of T2DM are complex with involvement of multiple genes as 

reported by genome-wide association studies. Though not completely understood, 

evidence has shown pancreatic beta-cell failure and insulin resistance in diabetic 

patients due to genetic variations.
 
Of the genetic variants studied, transcription factor 

7–like 2 (TCF7L2) gene was found to be strongly responsible for susceptibility for 

T2DM. 
[19] 

It was seen in an international research consortium that an approximate 8-

year risk prediction could be done using a 40-SNP genetic risk score. But this the 

predictive ability was useful only when used in younger persons in whom diabetes 

onset could be delayed by early preventive strategies than in those above 50 years.
 26

 

Previously known as maturity onset diabetes of youth (MODY) is now 

understood to be due to a variety of beta-cell function defects, accounting for 2-5% of 

type 2 diabetes presenting at a younger age and having milder disease. This autosomal 

dominant diabetes can be screened in some of the commercial laboratories. The 

following gene mutations were found to be involved creating 11 MODY subtypes:
15

 

1. HNF-4-alpha 2. IPF-1 3. KLF11
 [62]

 4. INS 

5. Glucokinase gene 6. HNF-1-beta 7. CEL
 [63]

 8. BLK
 [65]

 

9. HNF-1-alpha 10. NEUROD1 11. PAX4
 [64]

  

 

Of these subtypes, MODY type 5 was found to be associated with renal 

cysts,
  
while MODY type 8 with exocrine pancreatic dysfunction.

15 
Also it was seen 

that on analyzing previous two studies using meta-analysis it was seen that for each 

point increase in genetic score for low birth weight individual’s risk for developing 

T2DM increased by 6%.
27,28 
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Overweight and obesity
 

Increase in the incidence of obesity has in parallel escalated the prevalence of 

T2DM mostly in developed countries as well as in developing countries. On the other 

hand in Cuba in the early 1990s incidence of diabetes mellitus reduced following a 

population-wide decrease in body weight as a result of an economic crisis. Globally, 

an increase in the age-standardized prevalence of obesity (BMI ≥30 kg/m2) from 

3.2% to 10.8% in men and in women from 6.4% to 14.9% was seen in 1975 and 2014 

respectively and is estimated to reach by 2025, 18% in men and 21% or more in 

women if the trend continues. BMI (excess adiposity) is a single strongest risk factor 

while waist circumference or waist-hip ratio (abdominal obesity) also can 

independently predict T2DM. Asian descent in USA are 30–50% more likely to 

develop T2DM at a much lower BMI compared to white people and could be 

attributed to percentages of body fat and different fat distributions both of which are 

higher in Asian individuals. It has been seen that at individual level weight loss 

surgeries (for example, bariatric surgery) to treat obesity has proven effective in the 

prevention of T2DM and its complications. This approach being expensive cannot 

reverse the current T2DM epidemic and hence population-level strategies are critical 

for obesity prevention. The root causes of these dual epidemics of obesity and 

diabetes mellitus like unhealthy diet and lifestyle choices should be addressed, 

particularly.
3 

Diet and lifestyle factors 

As seen above, an important aspect of prevention of T2DM is diet and lifestyle 

modification which has been demonstrated in major clinical trials to lower the 

incidence by 58% compared to that of the control groups. It has also been proven by 

landmark clinical trials, such as the the Finnish Diabetes Prevention Study, Diabetes 
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Prevention Program in multi-ethnic Americans and the Da Qing IGT and Diabetes 

Study in China. Pharmacological therapy can be considered when these lifestyle 

interventions are not feasible to prevent the development of T2DM. High cost and 

lack of adherence to intervention has made it difficult to assess the long-term effects 

of these interventions and hence findings from clinical trials in high-risk populations 

together with evidence from large-scale observational studies (with longer follow-up 

periods) should b e considered. A diet containing high-quality fats (high in 

polyunsaturated fatty acids and low in trans fatty acids) and carbohydrates with a low 

glycaemic index (whole grains, vegetables, fruits, low in refined grains, nuts and 

legumes and red or processed meat) are considered important than the relative 

quantity of these nutrients and are recommended for T2DM prevention.
3
  

Physical activity:  

Increased physical activity plays an important role as an essential component 

of all trials based on lifestyle interventions for the prevention of T2DM. 

Independently both aerobic exercise and resistance training have been found to have 

beneficial effects on preventing T2DM. Studies have shown that moderate and 

vigorous-intensity physical activities are beneficial for preventing insulin resistance 

which was independent of time spent sedentary and vice versa.
3
  

Smoking:  

A dose–response relationship between smokers and T2DM was seen in a 

meta-analysis with current smokers having 45% higher risk of T2DM than non-

smokers. Even an increased risk of T2DM was associated with exposure to high level 

second-hand smoking. Central fat accumulation was seen more among smokers than 

non-smokers, and hence both have a synergistic action on insulin resistance along 

with compensatory insulin-secretion responses. Mass interventions such as education 
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campaigns should be considered as a major public health strategy to reduce smoking 

and curb the epidemic of T2DM, especially in China and India, were both T2DM and 

smoking are more prevelent.
3
  

Alcohol intake: 

Meta analysis have shown that alcohol when consumed in moderate quantity 

has reduced the risk of T2DM demonstrated by a U-shaped relationship between 

consumption of alcohol and T2DM risk for both sexes, and lowest risk being observed 

among those consuming 1-2 drinks per day. Sex differences in alcohol–diabetes 

relationship can be attributed to differences in alcohol pharmacokinetics which largely 

depends on body composition. However, within a culturally appropriate context, the 

public health messages regarding moderate drinking should be communicated 

cautiously considering the steady increase in consumption of alcohol in many Asian 

countries and also the health burden of excess alcohol consumption in eastern 

Europe.
3 

Depression 

Depression has been suggested from evidence accumulated as significant risk 

factor for developing T2DM with a relative risk of 1.17 in women. This risk increases 

to 1.25 in women using antidepressants which might suggest a more severe, chronic, 

or recurrent depression. More over use of antidepressant itself may increase the risk of 

diabetes risk and might be due to alteration in glucose homeostasis or promoting 

weight gain. On the other hand T2DM increased the risk for developing depression. 

Prevalence of DM was twice in those with depressive symptoms and major depressive 

disorder compared to those in the general population.
 29
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Schizophrenia 

Dysfunctional signaling of protein kinase B (Akt) was found to be associated 

with both schizophrenia and impaired regulation of blood glucose and diabetes. On 

the other hand second-generation antipsychotics were found to be associated with 

higher risk for type-2 diabetes.
 30 

  

Preeclampsia and gestational hypertension 

A large retrospective population-based, cohort study of pregnant women was 

conducted to find association between preeclampsia and gestational hypertension with 

post partum diabetes. It was seen that an incidence rate of diabetes was 6.47 per 1000 

person-years for women with preeclampsia and for those with gestational 

hypertension it was 5.26, compared to 2.81 in women with neither condition.
 31

 

COVID-19 

Evidence have shown that COVID-19 disease may increase the risk of 

development of type 1 and 2 diabetes. One theory is that when the SARS COVID-19 

virus binds “to angiotensin-converting enzyme 2 (ACE2) receptors especially in 

pancreatic beta cells and kidneys the risk for T2DM increases. An international group 

of diabetes research established a CoviDiab registry to gather data on COVID-19–

related diabetes.
 32

 

Studies have reported that the hazard ratios (HRs) at 1 year for diabetes among 

patients with acute infection who were not hospitalized were 1.25, for those who were 

hospitalized it was 2.73 and for those were admitted to intensive care was 3.76.
 33,34

 

Studies had found that SARS-CoV-2 antigen was found in pancreatic beta 

cells taken from autopsy samples from individuals who died due to COVID-19 and 

that these beta cells decreased insulin expression possibly due to transdifferentiation 
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of the cells.
  
Also another study found evidence that SARS-CoV-2 induced beta-cell 

apoptosis.
 35

 

 

PATHOPHYSIOLOGY:
36,37 

Type 2 diabetes is characterized by a combination of actions: 

 Peripheral insulin resistance: Attributed to proinflammatory cytokines in 

plasma and increased level of fatty acids  decreased glucose transport into 

muscle cells  elevated hepatic glucose production  increased breakdown 

of fat 

 Inadequate insulin secretion by pancreatic beta cells.  

 In T2DM reciprocal relationship between the insulin-secreting beta cell and 

the glucagon-secreting alpha cell is lost which leads to hyperglucagonemia 

and hence the consequent hyperglycemia.
 
 

 Atrophy of the pancreas was found with prolonged diabetes. A study found 

reduced pancreatic volume in those who had DM for an average of 15 years 

(range, 5-26 years). This was confirmed using glucagon stimulation test, 

computed tomography (CT) scan and fecal elastase-1 measurements. 

 

For T2DM to occur, a synergistic action of insulin resistance along with 

inadequate insulin secretion must exist. Hence not all overweight individuals having 

insulin resistance develop diabetes. Its only when the increased insulin secretion is not 

sufficient to compensate for their insulin resistance the person develops diabetes.  

Beta-cell dysfunction 

Beta-cell dysfunction is one of the major factor across the spectrum of 

prediabetes to diabetes which develops early in the pathologic process and the stage 

of insulin resistance need not necessarily be followed. Focus on insulin resistance is 
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gradually shifting, and hopefully treatment options addressing the beta-cell pathology 

will emerge for early therapy. 

Insulin resistance 

Postprandial blood glucose levels were seen to increase first in those 

undergoing transition from normal to abnormal glucose tolerance. Eventually 

suppression of hepatic gluconeogenesis fails leading to fasting hyperglycemia. When 

insulin resistance is induced, increased glucose-dependent insulinotropic polypeptide 

(GIP) levels and increased glucagon levels were seen to accompany glucose 

intolerance but the postprandial glucagonlike peptide-1 (GLP-1) response was 

unaltered.
38

 

Genomic factors 

Single-nucleotide polymorphisms (SNPs) were studied and were found to 

increase the risk for type 2 diabetes by altering the beta-cell function and insulin 

resistance. Over 40 independent loci were demonstrated of which the most potent are 

shared below:
15,25 

 Beta-cell responsiveness decreased, leading to decreased insulin secretion 

and impaired insulin processing (TCF7L2) 

 Early glucose-stimulated insulin release lowered (MTNR1B, FADS1, 

DGKB,GCK) 

 Unsaturated fatty acids metabolism altered (FSADS1) 

 Fat metabolism dysregulation (PPARG) 

 Serum glucose release inhibition (KCNJ11)
 
 

 Increased adiposity and insulin resistance (FTO and IGF2BP2)
 
 

 Control of the development of pancreatic structures, including beta-islet 

cells (HHEX)
 
 

http://emedicine.medscape.com/article/119020-overview
http://emedicine.medscape.com/article/119020-overview
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 Zinc transported into the beta-islet cells, which influences the secretion and 

production of insulin (SLC30A8)
 
 

 Beta-islet cells survival and function (WFS1)
 
 

 Genetic variants involving incretin hormone which stimulates insulin 

secretion in response to digestion of food released from endocrine cells in 

the gut can also increase the susceptibility for T2DM. (GIPR).
 
 

Amino acid metabolism 

In the early development of type 2 diabetes, amino acid metabolism might 

play a key role. Mainly three amino acids namely isoleucine, tyrosine and 

phenylalanine were found to be positively correlating with T2DM and was found to 

increase the risk of future diabetes by at least 4-fold. These amino acids were found to 

be elevated prior to the onset of diabetes for up to 12 years.
 40 

 

COMPLICATIONS:  

Complications of diabetes, regardless of the type, mainly involved vascular 

system and were divided into microvascular complications (retinal, renal, and 

possibly neuropathic disease effecting affects autonomic and peripheral nerves) and 

macrovascular complications (coronary artery and peripheral vascular disease) 

Diabetic neuropathy.  

Some of the diabetes complications are listed below:  

Cardiovascular risk:
3,41,42 

Cardiovascular risk is mainly related to insulin resistance which causes the 

following lipid abnormalities: 

 Elevated levels of low-density lipoprotein (LDL) cholesterol particles 

 High-density lipoprotein (HDL) cholesterol being lower  

 Elevated levels of triglyceride-rich remnant lipoproteins 
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Thrombotic abnormalities like elevated fibrinogen and elevated type-1 

plasminogen activator inhibitor [PAI-1], hypertension and other conventional 

atherosclerotic risk factors (such as family history, smoking) also affect 

cardiovascular risk. 

Increased lipid accumulation in smooth muscle and liver was associated with 

insulin resistance but not with increased myocardial lipid accumulation.
 
Inspite of 

using
 
lipid-modifying drugs a persistent lipid abnormality was seen in patients with 

diabetes. But other lipid-modifying agents and statin dose up-titration are needed as 

evidence supports the benefits of these drugs. "Ticking clock" hypothesis was 

developed in 1996 to point the fact that the clock starts ticking at the onset of 

hyperglycemia for microvascular risk, while for macrovascular the risk starts at the 

onset of insulin resistance. (medscape) CVD, including coronary heart disease, 

cerebrovascular disease and peripheral vascular disease in the USA is the primary 

cause of morbidity and mortality. Compared to individuals without diabetes, patients 

with T2DM, are twice likely to develops CVD which typically develops 14.6 years 

earlier and also with greater severity independent of age, BMI, smoking status and 

systolic blood pressure. Diabetes mellitus has also been associated with a doubled risk 

of death due to vascular causes. Action in Diabetes and Vascular Disease 

(ADVANCE), a large scale randomized clinical trial, on post hoc analysis of data has 

suggested that compared to patients from eastern Europe, Asian countries with T2DM 

have a lower risk of major coronary events.  

Cognitive decline 

A cross-sectional study showed that diabetic individuals were more likely to 

have brain atrophy of brain was more common than cerebrovascular lesions in 

individuals with diabetes and the patterns resembled those of preclinical Alzheimer 
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disease. Bilateral gray-matter atrophy was more commonly seen in T2DM patients 

and was similar to the cortical atrophy seen in early Alzheimer disease
 [33, 34] 

 

Poor performance of certain cognitive tests were seen in T2DM and the 

strength of this associations dropped when adjusted for total gray-matter and 

hippocampal volumes by almost 50% but was unchanged when adjusted for white-

matter volume or cerebrovascular lesions.
 43,44

  

COVID-19 

Studies conducted among adult patients hospitalized with coronavirus disease 

2019 (COVID-19), 28.3% were found to have diabetes in one study while another 

study also reported 30% of them had diabetes and was second most common 

underlying condition. A report on 65 observational studies found an overall 

prevalence of diabetes of 12% in patients with COVID-19 and 18% in severe 

COVID-19.
 
Another study suggested that increased inflammation and coagulatory 

markers were seen in diabetes patients with COVID-19 infection than in individuals 

without diabetes. This explains why in diabetes there is increased risk of more severe 

disease and death from COVID-19 infection.
 45,46,47

 

Renal disease 

Renal failure in people with T2DM is attributable for approximately 10% of 

deaths. In USA, diabetes mellitus causes end-stage renal disease (ESRD) in 44% of 

cases. Furthermore, diabetic kidney disease (persistent reduced estimated glomerular 

filtration rate, persistent albuminuria or both) in the USA, accounts for 25% of 

patients with T2DM. In China, historically glomerulonephritis was the leading cause 

of ESRD. Furthermore, in Asian countries the risk of diabetic kidney disease is much 

higher than in Western countries.
3 
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Other complications 

In the USA, diabetic retinopathy prevalence was found to be approximately 

28.5% and in Asian countries ranging from 16% to 35%. Lower-limb non-traumatic 

amputation was mainly due to T2DM in the USA while in the UK one third of the 

amputees had diabetes mellitus, and, about half had diabetes mellitus in Australia. 

T2DM, directly or indirectly, might increase the risks of disorders in the hepatic and 

digestive systems, musculoskeletal, as well as mental health disorders and cognitive 

function and also increasing the incidence of cancers of the liver, endometrium and 

pancreas. Many co-morbidities are associated bi‑directionally with T2DM, which 

include non-alcoholic fatty liver disease, obstructive sleep apnoea and depression, and 

such interrelationships are at least partially caused by obesity.
3 

 

BIOMARKERS: 

Diabetes mellitus (DM), characterized by vascular and neuropathic 

complications imposes a tremendous burden on health economies. End stage renal 

failure (ESRD) was very commonly seen in diabetes with diabetic nephropathy (DN) 

and also in these patients the cardiovascular risk progressively raises leading to death. 

Diabetic retinopathy (DR) on the other hand is the major cause of acquired blindness 

especially in working-age adults.
48

 So identifying new clinical biomarkers to set 

targets for treatment which will effectively prevent and slow the progression of the 

complications is an urgent need.
49 

Over the past two decades, the complexity of T2DM pathophysiology was 

understood by the biomarkers from the pathways of abnormal adipocyte signalling, 

endothelial dysfunction, subclinical inflammation and iron overload which was 

beyond the classic involvement of β-cell, liver and skeletal muscle. But the use of 
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these biomarkers to predict future risk of T2DM is still debatable beyond lifestyle 

factors, anthropometric measures and fasting levels of glucose and lipids.
3 

On the other hand the pathogenesis of both DN and DR emphasized a critical 

role of inflammation and the progression of micro- and macro-angiopathy with an 

altered immune system was seen to play a decisive role. An increased circulatory pro-

inflammatory cytokines and acute-phase proteins were found in these immunological 

alterations leading to chronic inflammation-induced organ dysfunction in DM.
49 

WBC count, neutrophil lymphocyte ratio, interleukin (IL)‑1, IL6, IL8, 

transforming growth factor, tumor necrosis factor have been linked to end organ 

damage in diabetes. Apart from WBC count and NL ratio, other markers had 

limitations such as lack of availability in the routine clinical practice as well as 

increased expenses and assay standardization.
50

 The count of white blood cell (WBC) 

is a basic, readily available, cheap and sensitive indicator of inflammatory status, 

especially in cardiovascular diseases. Neutrophilia and lymphocytopenia were seen to 

be independent predictors of many diseases, including acute heart failure, coronary 

artery disease, and acute coronary syndromes. But recently, the neutrophil-

lymphocyte ratio (NLR), a potential marker to determine inflammation, demonstrated 

to be more sensitive in the prediction of adverse outcomes in various medical 

conditions (like cancer and cardiovascular diseases) than total WBC count.
49 

Neutrophil-Lymphocyte Ratio (NLR): 

Apart from being a potential marker determining inflammation, NLR has also 

been suggested in heart failure, acute myocardial infarction and stroke to be a 

prognostic marker.
50

 In chronic inflammation NLR stands out as a novel marker 

representing two immune pathways making it more predictive than measures that 

assess the two parameters independently. It reflects a counterbalance between two 
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complementary components of the immune system. Neutrophils secrete active non 

specific inflammatory mediators that can lead to vascular wall degeneration, whereas 

lymphocytes having an anti-atherosclerotic role act as a protective or regulatory 

component of inflammation.
50,51

 Hence a large neutrophil count along with a small 

lymphocyte count results in a high NLR. Neutrophilia when compounded with 

lymphoytopenia results in vascular damage promoting widespread chronic 

inflammation and supports the pathogenesis of DM and DM-related renal and 

cardiovascular disease. 

Calculation of NLR is done by dividing the number of neutrophils (complete 

blood count) by number of lymphocytes (differential count) which is easy to obtain 

and is also inexpensive compared to any other inflammatory markers. This marker is 

more stable even when subjected to physiologic variations like exercise, dehydration, 

and blood specimen handling.
51

 

 

DIAGNOSIS: 

Diagnostic criteria by the American Diabetes Association (ADA) include the 

following:
52 

 Fasting blood sugar (FBS) level of 126 mg/dL (7.0 mmol/L) or higher, or 

 A 2-hour Post prandial blood sugar level of 140 mg/dL (11.1 mmol/L) or 

higher or 

 During a 75-g oral glucose tolerance test (OGTT), a 2 hour plasma glucose of 

200mg/dl or more or 

 A random plasma glucose of 200 mg/dL (11.1 mmol/L) or higher in a patient 

with classic symptoms of hyperglycemia or hyperglycemic crisis 
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 A hemoglobin A1c (HbA1c) level of 6.5% or more is point of controversy as 

to whether it should be a considered as a primary diagnostic criterion or an 

optional criterion. 

Indications for diabetes screening in asymptomatic adults includes the 

following:
53,54,55

 

 Blood pressure >135/80 mm Hg which is sustained. 

 BMI>25 plus 1 or more risk factor for diabetes (BP 140/90 mm Hg or above, 

first-degree relative with diabetes, and HDL < 35 mg/dL and/or triglyceride 

level >250 mg/dL) 

 Screening at age 35 years as recommended by ADA. 

 

TYPES OF DIABETES MELLITUS: 

Type 1 and type 2 DM:  

Patients with type 1 diabetes mellitus totally dependent on insulin for life 

which is not the same for patients with type 2 DM hence were termed as insulin 

dependent and non–insulin dependent diabetes respectively in the olden days. T2DM 

was also given another term, adult-onset diabetes. However, these terms were 

abandoned owing to the confusion due to classification which was based on treatment 

and current epidemic of inactivity and obesity in children resulting in T2DM 

occurring in younger and younger age groups. With newly diagnosed DM, T2DM in 

many communities have now outnumbered type 1 among children. Also even thought 

patients with T2DM do not totally depend on insulin due to their ability to secret 

endogenous insulin, ultimately end up getting treated with insulin. In many 

communities, type 2 diabetes now outnumbers type 1 among children with newly 

diagnosed diabetes.  

http://emedicine.medscape.com/article/117739-overview


Review of Literature 

26 

Subtypes 

A study done in Sweden and Finland suggested that type 1 and type 2 diabetes 

mellitus can be actually divided into five separate types of diabetes. Of the following 

below, the first corresponds to type 1 diabetes while the remaining subtypes 

corresponds to type 2 diabetes:
56,57 

 Severe autoimmune diabetes (SAID) – It is a latent autoimmune diabetes in 

adults (LADA) with onset at young age and patients with a low body mass 

index (BMI), impaired insulin production and poor metabolic control and this 

cluster, in addition, is positive for glutamic acid decarboxylase antibodies 

(GADA) 

 Severe insulin-deficient diabetes (SIDD) - Similar to SAID but negative for 

GADA with high HbA1c and greater risk for diabetic retinopathy among all 

other clusters 

 Severe insulin-resistant diabetes (SIRD) - Characterized by insulin resistance, 

high BMI and the greater risk for diabetic nephropathy 

 Mild obesity-related diabetes (MOD) – Younger patients with obesity, and no 

insulin resistant 

 Mild age-related diabetes (MARD) – Older patients with modest alterations in 

their metabolism 

 

Gestational diabetes:
15 

During pregnancy if the mother was diagnosed with any degree of glucose 

intolerance for the first time, its termed as Gestational diabetes mellitus. In USA 4% 

of all the pregnancies were complicated by gestational diabetes mellitus. Insulin 

sensitivity steady declines as gestation progresses and results in gestational diabetes 
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mellitus when maternal insulin secretion is not sufficiently to counteract this decrease 

in insulin sensitivity. 

Secondary diabetes:
15 

Diabetes caused by other illnesses or medications were previously called as 

secondary diabetes. Below is the list of some of the most common causes of 

secondary diabetes: 

 Pancreatic diseases destroying pancreatic beta cells (eg, hemochromatosis, 

cystic fibrosis, pancreatitis, pancreatic cancer) 

 Hormonal syndromes interfering with insulin secretion (pheochromocytoma) 

or peripheral insulin resistance (Cushing syndrome, acromegaly, 

pheochromocytoma) 

 Drugs (eg, phenytoin, estrogens, glucocorticoids) 

 Severe mitochondrial disorders (Kearns-Sayre syndrome and mitochondrial 

encephalomyopathy, lactic acidosis, and strokelike episode (MELAS). This 

type of diabetes usually occurs along with hearing loss, seizure disorder, 

myopathy, strokelike episodes, external ophthalmoplegia, retinitis pigmentosa, 

or cataracts along with evidence of maternal inheritance. 

 

MANAGEMENT 

Goals of treatment of diabetes: 

 Prevention and control of microvascular risk through control of glycemia and 

blood pressure and macrovascular risk through control of hypertension and 

lipids, smoking cessation 

 Metabolic and neurologic risk reduction through control of glycemia. 

European Association for the Study of Diabetes (EASD) and the American 

Diabetes Association (ADA) recommendations for T2DM treatment places patient's 

http://emedicine.medscape.com/article/862538-overview
http://emedicine.medscape.com/article/280605-overview
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condition, abilities, desires, and tolerances at the center of the decision-making 

process and contain 7 key points.
58,59

 

1. Individualized glucose-lowering therapies and glycemic targets  

2. Treatment program was based on the foundation of education , diet and 

exercise  

3. Unless contraindicated, metformin used as the optimal first-line drug  

4. In addition use of 1 or 2 additional oral or injectable agents, for minimizing 

adverse effects  

5. Ultimately blood glucose control with insulin therapy alone or with other 

agents if needed 

6. Patient should be involved in all treatment decisions, with a focus on patient 

needs, preferences and values wherever possible. 

7. Cardiovascular risk reduction should be given major focus. 

 

The recommendations for 2013 ADA guidelines for Self-Monitoring Of Blood 

Glucose (SMBG) include the following:
60,61 

 Patients when on intensive insulin regimens – Perform SMBG at least  

o Before meals and snacks,  

o Occasionally after meals;  

o At bedtime;  

o Before exercise and  

o Before critical tasks (like driving); when suspecting hypoglycemia; 

and  

o After treating hypoglycemia until normoglycemia is achieved. 

 Patients with less frequent insulin injections or on oral hypoglycemic 

therapies –SMBG results should be used to adjust their food intake, 
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medications or activity to reach specific treatment goals; individuals much be 

educated on interpretation of their SMBG data, along with being reevaluated 

for the ongoing need and frequency of SMBG at each routine visit. 

PREVENTION OF DIABETIC COMPLICATIONS:
15 

 HbA1c every 3-6 months 

 Yearly dilated eye examinations 

 Annual microalbumin checks 

 Foot examinations at each visit 

 Blood pressure below 130/80 mm Hg 

 Statin therapy to reduce low-density lipoprotein cholesterol 

 

WHO RESPONSE: WHO aims to help adoption of measures effective for the 

surveillance of diabetes and its complications and subsequently prevention and 

control, especially in low- and middle-income countries. 

The WHO Global report on diabetes:  Provides; 

 Overview of the diabetes burden,  

 Interventions available to prevent and manage diabetes, and  

 Recommendations for governments, individuals, the civil society and 

the private sector. 

The module on diagnosis and management of T2DM given by WHO gives in 

one document guidance required for its diagnosis, classification and management. 

Global Diabetes Compact launched in April 2021 by WHO was a global 

initiative which aimed at sustained improvement in diabetes prevention and care, 

particularly focusing on supporting low- and middle-income countries by bringing all 

stakeholders together to work on a shared vision of providing access to equitable, 

comprehensive, affordable and quality treatment and care of diabetes patients. 

https://www.who.int/publications-detail-redirect/9789241565257
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1. A cross sectional analytical study done by Phadnis et al in 2022 in the 

department of medicine in a tertiary care hospital in Pune aimed to evaluate the 

role of utility of Red Cell Distribution Width, Red Blood Cell count, and 

Neutrophil/Lymphocyte Ratio as prognostic markers in T2DM patients with and 

without microvascular complications. The study included 150 cases (with 

microvascular complications) and 150 controls (without microvascular 

complications). The results showed that 29% of patients were in the age group 

of 51- 60 years followed by 25% in 61-70years and 20% in 71-80years of age. 

The mean RBC of 4.64 was seen in cases and 3.17 in control group. Mean RDW 

was 15.60 and 11.26 in cases and control respectively. The mean NLR was 4.03 

and 1.37 among cases and control respectively and all these associations were 

statistically significant (P<0.05).
1
 

2. A cross sectional prospective observational study was done by Kothai et al in 

Chennai in 2020 among 127 diabetic patients attending a tertiary care center. 

The study showed that the mean eGFR was 91.6 ± 48.7 mL/min, mean protein 

creatinine ratio (PCR) was 0.8 ± 0.4. A strong positive correlation was seen 

between the urinary PCR and NLR which was statistically significant (r=0.813, 

p<0.0001) while a weak negative correlation was seen between eGFR and NLR 

which was also statistically significant (r = -0.214, p = 0.006). ROC curve 

showed a NLR cut off of 7 gave a sensitivity of 88.89% and specificity of 94.9% 

in predicting diabetic nephropathy (AUC = 93.7%) with a positive likelihood 

ratio and a negative likelihood ratio of 0.117 and 17.481 respectively.
9
  

3. Khandare et al conducted a observational cross‑ sectional study in 2017 in 

Gujarat to find the association of neutrophil‑lymphocyte ratio (NLR) with DN 

among 115 study participants diagnosed with type 2 diabetes mellitus. Results 
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showed that 59 normal urine albumin while 56 patients had DN. Mean NLR 

among controls was 1.94 ± 0.65 while in DN group it was 2.83 ± 0.85 and this 

difference was highly significant (P < 0.001). Estimated glomerular filtration 

rate with a p value of 0.047) and serum glutamate pyruvate transaminase with a 

p value of < 0.001 were also significantly different in two groups.
62

 

4. Chittawar et al in 2017 conducted a study in Hydrabad to evaluate the role of 

NLR as a predictor of microvascular complications and CAD in T2DM. among 

265 patients. Prevalence of hypertension (12.8%), neuropathy (18.5%), 

nephropathy (41.5%), retinopathy (62.3%), and CAD (3.8%) were noted. 

Patients with diabetes for longer duration, those with nephropathy, albuminuria, 

retinopathy and CAD had significantly higher NLR quartiles. NLR and BMI 

were found to be best predictors of microvascular complications on analyzing 

with binary logistic regression. NLR cut off of 2 had an AUC of 0.888, 0.708 

and 0.768 for predicting albuminuria, retinopathy, and CAD, respectively with 

sensitivity of 86.4% and specificity of 69% in predicting albuminuria; sensitivity 

of 64.2 and specificity of 63% in predicting retinopathy and a sensitivity of 80% 

and specificity of 47.1% in predicting CAD. 

5. Gurmu et al conducted a comparative cross-sectional study in Ethiopia in 2022 

to determine the neutrophil–lymphocyte ratio (NLR) as an inflammatory 

biomarker among T2DM patients with DN among 199 study participants. Out of 

the 199 T2DM patients, 22.6% had DN and 77.4% did not have DN. Mean NLR 

value of 2.66 ± 0.49 was seen among diabetic patients with DN which was 

significantly higher in compared to those without DN (1.65 ± 0.20, p < 0.0001). 

A positive significant correlation was seen between NLR and age (r = 0.162, p = 

0.023), absolute neutrophil count (r = 0.712, p < 0.0001), duration of disease (r 
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= 0.52, p < 0.0001), systolic blood pressure (r = 0.338, p < 0.0001), diastolic 

blood pressure (r = 0.731, p < 0.0001) and total white blood cell count (r = 

0.162, p = 0.022) while a significant negative correlation was seen between 

NLR and absolute lymphocyte count (r = −0.770, p < 0.000).
50

 

6. Duman et al in 2019 conducted a study in Turkey to compare NLR levels among 

diabetes patients and healthy controls and observe possible correlation between 

HbA1c and NLR. The study showed a median NLR of 2.44 (1.9) among T2DM 

group which was significantly higher when compared to healthy controls in 

whom the median NLR was 1.5 (0.9), (p<0.001). On analyzing NLR had a 

significant positive strong correlation with age (r=0.26, p=0.008), HbA1c 

(r=0.49, p<0.001) and fasting plasma glucose (r=0.38, p<0.001).
7
 

7. Fawwad in 2018 conducted a retrospective hospital based study in Pakistan to 

find the association between diabetic microvascular complications and the NLR 

among T2DM patients. Study participants were divided into two groups: with 

microvascular complications and without microvascular complications. Out of 

5620 T2DM subjects, 57% were male and 43% were female. Among the study 

participants 60.04% had one or more microvascular complications and 39.96% 

had no microvascular complications. It was found that NLR was 1.14 times 

higher in diabetic subjects with microvascular complication compared to those 

without any complications (4.34 + 3.32 vs. 3.36 + 2.67; P < 0.0001). Factors 

likely associated with microvascular complications were longer duration of 

diabetes, high levels of NLR, serum creatinine, HbA1c, and systolic blood 

pressure.
8
 

8. Xu et al in 2017 conducted a study in China  to explore the relationship between 

NLR and diabetic peripheral neuropathy (DPN) inT2DM among 557 newly 
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diagnosed T2DM of whom 397 T2DM patients were without complication (DM 

group) and 160 with DPN (DPN group). The study found that values of 

neutrophils, triglyceride (TG), fasting insulin, 2 hour postglucose and urinary 

albumin in DPN group were significantly higher compared to those of the DM 

group but the number of lymphocytes in DPN group was lower compared to the 

DM group and both these associations were statistically significant (P<.05). 

NLR values were significantly higher in DPN group when compared with those 

of DM group (2.58±0.50 vs 2.18±0.61, P<.001). On analyzing with logistic 

regression NLR was found to be a risk factor of DPN with OR of 4.960 (95% 

CI=1.843–13.349) which was statistically significant (p value =0.002). While on 

multivariate logistic regression DPN was found to be independently related to 

NLR. The ROC curve analysis confirmed that with a NLR cut-off point of 2.13 

a specificity of 48.1% and sensitivity of 81.3% was obtained for diagnosing 

DPN.
63

  

9. Huang et al in 2017 conducted a study in China to evaluate the relationship 

between NLR and DN/DR among 321 patients with T2DM. Three groups were 

made using serum creatinine and/or urinary albumin-to-creatinine ratio 

(UACR): Gropu I- normoalbuminuria group (normal): UACR is less than 30 

mg/g, microalbuminuria group (micro): Group II- UACR is between 30-300 

mg/g, Group III- overt nephropathy group (overt) where UACR  was more than 

300 mg/g and/or serum creatinine  more than 1.5 mg/dl. NLR levels was found 

to be significantly higher in patients with microvascular complications 

compared to those without microvascular complications (P<0.001). Moreover, a 

positive correlation was seen between NLR levels and severity of DN and DR. 

On logistic regression analysis NLR was found to a risk factor for predicting DN 
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and DR in T2DM. ROC curve analysis showed a best cut-off value of 1.758 for 

NLR had a sensitivity of 75.4%, the specificity of 92.5%.
49

  

10. Wang et al conducted a cross-sectional study in 2015 in China to investigate the 

association of NLR with brachial-ankle pulse wave velocity (baPWV) in 

patients with DR. Methods among 402 participants who were divided into three 

groups: Group I- 133 subjects without T2DM (control); Group II- 138 diabetic 

subjects without DR; and Group III- 131 patients with DR. On analysis NLR 

and baPWV were both found to be elevated in T2DM as well as in DR and 

comparatively higher in DR group than T2DM group. Also after adjusting 

confounding factors a positive correlation was found between NLR and baPWV 

in both patients with T2DM and DR. On multiple linear regression NLR was 

found to be an independent determinant for elevated baPWV which was 

significant (T2DM, β = 0.170 (p = 0.041) and DR, β = 0.188 (p = 0.022)).
64

 

11. Megalla et al 2015 conducted a study in Egypt to evaluate the relationship 

between diabetic microvascular complications, and NLR in T2DM among 280 

subjects where 200 were male patients. Three groups were made; group I- 108 

having one or more microvascular complication, group II- 92 with T2DM 

without complication and a control group including 80 healthy age and sex-

matched subjects. Results showed that NLR values were significantly higher in 

T2DM patients with neuropathy (p=0.025), retinopathy (p<0.001), and 

nephropathy (p<0.001) compared to those without any microvascular 

complications and healthy control subjects. NLR levels showed a significant 

positive correlation with BMI (r=0.436, p<0.001), HbA1c (r=0.526, p=0.001) 

and erythrocyte sedimentation rate (ESR) (r=0.396, p=0.017).
65
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12. Demirtas et al in 2015 conducted a study in Turkey to evaluate the relationship 

between HbA1c and hematological indices, and also to evaluate the relationship 

between microvascular complications of diabetes and these parameters. The 

study was conducted among 307 diabetic patients (183 female, 124 male; mean 

age 50.8±8.5), and 187 controls (111 female, 76 male; mean age 51.1±10.1). On 

analysis it was seen that mean platelet volume (MPV), plateletcrit (PCT), white 

blood cell count (WBC), platelet distribution width (PDW), platelet count, NLR 

and platelet to lymphocyte ratio (PLR) were significantly higher in diabetes 

group compared to that of control group (P<0.05). Diabetic patients were again 

divided into two group based on their HbA1c levels (Group 1; HbA1c less than 

7 (n=82) and group 2; HbA1c more than or equal to 7 (n=225)). Mean platelet 

volume, PDW levels and PCT were significantly more in group 2 and mean 

platelet volume was found to be significantly higher in diabetic patients with 

retinopathy than in those without retinopathy (P=0.006). The NLR (P=0.004) 

and PLR (P=0.004) levels were significantly higher in patients with 

nephropathy. In binary logistic regression analysis; WBC, PLR, MPV and NLR 

levels were found to be independently associated with impaired glucose 

regulation.
66

 

13. Kahraman et al conducted a study in 2014 in Turkey to investigate the 

relationship between the NLR with diabetic nephropathy (DN). A total of 112 

patients with type-2 DM were included and were evaluated retrospectively. 

According to the level of albuminuria, patients were divided into three groups. 

The study showed that a there was a significant differences between the groups 

in terms of NLR (p < 0.001). A linear increase in NLR was seen in parallel to 

the increase in 24-hour UAE mean values which was significant (p < 0.001). A 
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positive correlation between NLR and urea, creatinine, C-reactive protein and 

red cell distribution width was detected but a negative correlation was seen 

between 24-hour UAE and lymphocyte count (p < 0.001).
67

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Materials & Methodology 

37 

MATERIALS AND METHODOLOGY 

A. Study design: Prospective study, cross sectional study 

B. Study participants (human, animals or both): The present study was carried 

out on the patients attending medicine OPD and IPD of SDM College of 

medical sciences and hospital, Sattur, Dharwad. 

i. Inclusion criteria: Type 2 diabetes mellitus patients with HbA1C 

Levels 7 to 9 attending department of medicine of SDM College of 

Medical Science and Hospital, Dharwad. 

ii. Exclusion criteria: 

a) Patients with acute infections, leukocytosis or leukocytopenia, chronic 

cardiac, renal or hepatic disorders. 

b) Patients who are a known case of autoimmune disorders, malignancy or 

hematological proliferative disorders. 

c) Patients who had received anti-inflammatory or immunosuppressive 

therapy. 

C. Sampling population: Patients presenting on OUT PATIENT DEPARTMENT  

and IN PATIENT DEPARTMENT BASIS  to SDM college of medical 

sciences patients 

D. Sample size calculation: Approximated to 200  

Expected  Proportion =0 .077 (7.7% with type 2 DM), Precision (%) = 5, 

Desired confidence level (%) = 99 

Formula:   2

2

d

pqZ
n   
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Where 

Z=  Standard normal variate value (Z-value)=2.58 at 1% alpha error or  

99% confidence 

P= Prevalence of type 2 DM=7.7% 

Q= 100-p=100-7.7=92.3% 

D= Margin of error=5% 

Sample size (n) = 189 (approximately 200) 

E. Sampling technique: CONVINIENCE SAMPLING 

F. Statistics 

a. Descriptive statistics with frequency and percentages 

b. Chi-square test for association between two attributes 

G. STUDY PROCEDURE: 

Institutional ethical committee clearance to conduct the study was obtained. 

Written and informed consent from patient were taken and information sheet 

were provided. 

 Patients were  screened for the eligibility and those fulfilling the selection 

criteria were  briefed about the nature of the study 

 History of symptoms- duration of present illness  

 Past history- comorbidites if any  (eg: TYPE 2 DIABTES MELLITUS, 

HYPERTENSION,TUBERCULOSIS, or any chronic disease ) 

 Personal history -involving habits smoking drinking. 

 Examination findings  like vitals, Pulse rate, Blood pressure, Respiratory 

rate and  SpO2 were recorded. Complete general and systemic 

examination were performed. 
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 All investigations performed for evaluation of the patient were noted. Relevant 

investigations done were  

1. HbA1C 

2. TOTAL LEUCOCYTE COUNT 

3. DIFFERENTIAL LEUCOCYTE COUNT 

4. URINE ROUTINE 

5. URINE MICROALBUMIURIA 

6. FUNDOSCOPY 

7. NERVE CONDUCTION STUDY 

8. OTHERS 

 Compiling of data was done. The statistical analysis was preformed and 

presented as percentages and pictorial representation of the same in graphical 

format was done. 
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RESULTS 

Table 1: Gender wise distribution of the study participants 

Gender Frequency Percent 

Female 74 37.0 

Male 126 63.0 

Total 200 100.0 

 

Table 1 shows that more than half (63%) of the study participants in our study 

were males and 74 (37%) were females.  

 

Figure 1: Gender wise distribution of the study participants 
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Table 2: Distribution of the study participants based on their chief complaints 

Chief complaints Frequency Percent 

Burning sensation in the foot 22 11 

Headache 1 0.5 

Diminished vision 13 6.5 

Follow up 162 81.0 

Left hand  weakness 1 0.5 

Pain in lower limb 1 0.5 

Total 200 100.0 

 

Table 2 shows that most of the study participants 162 (81%)  came for follow 

up, 22 (11%) of them came with the complaints of burning sensation in the foot, 13 

(6.5%) of them came for diminished vision and one each came for headache (0.5%), 

left hand weakness (0.5%) and pain in lower limb (0.5%). 

 

Figure 2: Distribution of the study participants based on their chief complaints 
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Table 3: Distribution of the study participants based on their past history. 

Past history Frequency Percent 

Diabetes mellitus 200 100 

Hypertension  65 32.5 

Old CVA 1 0.5 

Hypothyroid  1 0.5 

COPD 1 0.5 

     *Multiple answers were given. 

 

According to table 3, all the study participants had diabetes, 65 (32.5%) had 

hypertension and one each had hypothyroidism (0.5%), Chronic Obstructive 

Pulmonary Disorder (COPD, 0.5%) and one was an old case of cerebrovascular 

accident (CVA, 0.5%) 

 

Figure 3: Distribution of the study participants based on their past history. 
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Table 4: Distribution of the study participants based on their habits 

Habits Frequency Percent 

Alcoholic 23 11.5 

Smoker 19 9.5 

Tobacco chewer 4 2 

Nil 164 82 

*Multiple answers were given. 

As seen in table 4 164 (82%) of the study participants did not have any habits, 

23 (11.5%) of them were alcoholics, 19 (9.5%) of them were smokers and 4 (2%) of 

them were tobacco chewers.  

Figure 4: Distribution of the study participants based on their habits 
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Table 5: Distribution of the study participants based of the findings of the fundus 

examination 

Fundus examination Frequency Percent 

Normal  128 64 

Non Proliferative diabetic retinopathy  67 33.5 

Proliferative diabetic retinopathy 5 2.5 

Total 200 100 

 

On fundus examination of the study participants, it was seen that in 128 (64%) 

of them it was normal, 67 (33.5%) had non proliferative diabetic retinopathy, 5 

(2.5%) had Proliferative diabetic retinopathy and is shown in table 5 

 

Figure 5: Distribution of the study participants based of the findings of the 

fundus examination 
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Table 6: Distribution of the study participants based on the monofilament test 

findings 

Monofilament test Frequency Percent 

Normal 157 78.5 

Sensory neuropathy 43 21.5 

Total 200 100 

 

According to table 6, 157 (78.5%) had normal monofilament test finding while 

43 (21.5%) of them showed sensory neuropathy.  

 

Figure 6: Distribution of the study participants based on the monofilament test 

findings 
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Table 7: Distribution of the study participants based on their microalbuminuria 

levels 

Microalbuminuria Frequency Percent 

<30 139 69.5 

30-300 56 28.0 

>300 5 2.5 

Total 200 100 

 

Table 7 showed that 139 (69.5%) of them had a microalbuminuria levels of 

less than 30, 56 (28%) of them had 30-300 and 5 (2.5%) had more than 300.  

 

Figure 7: Distribution of the study participants based on their microalbuminuria 

levels 
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Table 8: Descriptive data of the study participants 

 Mean Std. Deviation 

Age in years 58.36 13.012 

DM duration in years 10.18 6.946 

Pulse rate (bpm) 83.46 9.575 

Respiratory rate (bpm) 16.39 1.683 

SPO2 97.97 .743 

HBA1C 7.90 .594 

Hb(gm/dl) 12.54 2.04 

TLC 8526.39 2611.266 

Netrophils 62.88 11.87 

Lymphocytes 25.32 9.82 

NLR 3.39 3.134 

Platelet 3.57 12.696 

Microalbuminuria 60.142 186.956 

 

Descriptive data of the continuous variables in our study have been elaborated 

in table 8. 
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Table 9: Association between NLR and fundus examination findings 

NLR Fundus P value 

Normal Non proliferative 

diabetic retinopathy 

(NPDR) 

Proliferative 

diabetic 

retinopathy (PDR) 

<3 101 (78.9%) 25 (37.3%) 2 (40%) <0.00001 

>3 27 (21.1%) 42 (62.7%) 3 (60%) 

 

Table 9 shows that most of the patients having NPDR and PDR in fundus 

examination had NLR levels of more than 3 and this association was found to be 

statistically significant.  

 

Figure 8: Association between NLR and fundus examination findings 
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Table 10: Association between NLR and micro albuminuria levels 

NLR MICRO ALBUMINURIA P value 

<30 30-300 >300 

<3 107 (77%) 19 (33.9%) 2 (40%) <0.00001 

>3 32 (23%) 37(66.1%) 3 (60%) 

 

According to table 10, patients with higher levels of micro albunimuria of 

more than 30 had NLR levels of more than 3 and this association being statisticllu 

significant 

 

Figure 9: Association between NLR and micro albuminuria levels 
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Table 11: Association between NLR and monofilament test findings 

NLR Monofilament test P value 

Normal Sensory neuropathy 

<3 117 (74.5%) 11 (25.5%) <0.00001 

>3 40 (25.5%) 32 (74.5%) 

 

As shown in table 11, patients with sensory neuropathy in monofilament test 

had NLR levels of more than 3 and this association was found to be statistically 

significant.  

 

Figure 10: Association between NLR and monofilament test findings 
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Table 12: Multiple complications associated with NLR 

Neuropathy and 

nephropathy 

NLR 

Total <3 >3 

None 105 (82%) 30 (41.7%) 135 (67.5%) 

Either one 14 (10.9%) 12 (6.7%) 26 (13.0%) 

Both 9 (7.1%) 27 (37.5%) 39 (19.5%) 

Total 128 72 200 

 

Table 12 shows presence of multiple complications associated with NLR 

levels and found that 27 (37.5%) of those with NLR more than 3 had both neuropathy 

and nephropathy 

 

Table 13: Multiple complications associated with NLR 

Retinopathy and 

nephropathy 

NLR 

Total <3 >3 

None 97 (75.80%) 24 (33.3%) 121 (60.5%) 

Either one 12 (9.4%) 10 (13.9%) 22 (11%) 

Both 19 (14.9%) 38 (52.7%) 57 (28.5%) 

Total 128 72 200 

 

Table 13 showed that 38 (52.7%) of the patients with NLR more than 3 had 

both retinopathy and nephropathy 
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Table 14: Multiple complications associated with NLR 

Retinopathy and 

neuropathy 

NLR 

Total <3 >3 

None 100 (78.1%) 24 (33.3%) 124 (62%) 

Either one 18 (14.1%) 19 (26.4%) 37 (18.5%) 

Both 10 (7.9%) 29 (40.3%) 39 (19.5%) 

Total 128 72 200 

 

Table 14 shows that 29 (40.3%) of the patients with NLR more than 3 had 

both retinopathy and neuropathy 

 

Table 15: Multiple complications associated with NLR 

Retinopathy, neuropathy 

and nephropathy 

NLR 

Total <3 >3 

None 97 (75.8%) 22 (30.6%) 119 (59.5%) 

Either one 21 (16.4%) 20 (27.8%) 41 (20.5%) 

All three 10 (7.9%) 30 (41.6%) 40 (20%) 

Total 128 72 200 

 

According to table 15, 30 (41.6%) of the patients with NLR levels more than 3 

had all the three complications (Retinopathy, neuropathy and nephropathy)  
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DISCUSSION 

A prospective, cross sectional study was conducted among 200 patients 

attending medicine OPD and IPD of SDM college of medical sciences and hospital, 

Dharwad to measure neutrophil lymphocyte ratio in patients with moderately 

controlled type 2 diabetes mellitus (HbA1C Levels 7 to 9 ) and also to determine  the 

correlation between neutrophil lymphocyte ratio and microvascular complications. 

Patients with acute infections, leukocytosis or leukocytopenia, chronic cardiac, renal 

or hepatic disorders, autoimmune disorders, malignancy or hematological 

proliferative disorders and those receiving anti-inflammatory or immunosuppressive 

therapy were excluded from the study. 

 Our study had more than half (63%) male study participants and 37% female 

participants. In the study done by Phandais et al
1
 in 2022 in Pune 61% were males and 

39% females which were similar to that of our study. Similar study done by Kothai et 

al
9
 in 2020 in Tamil nadu had 53% males and 47% females and Duman et al

7
 study 

done in 2019 in Turkey had 51.9% males and 48.1% females showing male 

predominance in their studies.  It was seen that in Gurmu et al
2
 study done in 2022 in 

Ethiopia 55.7% were females and 44.3% males which was similar to Xu et al
63

 study 

done in 2017 in China had 67.5% females and 32.5% males with female 

predominance. Similar findings were also seen in Khandare et al
62

 in 2017 in Gujarat 

had 55.6% females and 44.4% male and Demirtas et al
66

 study done in 2015 in 

Turkey with 59.6% females and 30.4% males.  

In the present study table 2 elaborates the reasons the study participants visited 

the hospital for and it was seen that most (81%) came for regular follow up while 11% 

came with the complaints of burning sensation in the foot which might indicate 

peripheral neuropathy and 6.5% for diminished vision reasons being either cataract 
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(which can also be secondary to diabetes) or diabetic retinopathy. The present study 

also had 32.5% of the study participants with associated hypertension which can 

independently cause renal damage and hypertensive retinopathy and hence 

exaggerating the complications related to diabetes.  

In our study on assessing the microvascular complications of diabetes it was 

seen that 36% had diabetic retinopathy, 21.5% had sensory neuropathy and 30.5% of 

them had diabetic nephropathy. 

Table 16: Comparison of descriptive data in different studies. 

 Present 

study 

Phada

is et al 

Kothai et 

al 

Duman 

et al 

Demirtas 

et al 

Pune, 

2022 

2020, TN 2019, 

Turkey 

2015, 

Turkey 

Age in years 58.36 

(13.012) 

 57.39 

(10.6) 

58.6 

(10.9) 

 

HBA1C 7.90 (0.594 9.65 

(2.44) 

  8.6 (6.9-

10.4) 

Hb(gm/dl) 12.54 (2.04)   13.6 

(1.16) 

 

NLR 3.39 (3.134) 2.6 

(1.65) 

 2.44 

(1.9) 

1.75 (1.4-

2.27) 

 

Descriptive data of different variables from different studies have been shown 

in table 16. 
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Table 17: NLR levels in those with and without complication 

 NLR (Mean, SD) P value 

Studies Years and 

place 

Without 

complications 

With complications 

Present study 2022, Dharwad 2.52 (1.84) 4.68 (4.07) <0.001 

Phadais et al
1
  2022, Pune 1.37 (0.57) 4.03 (0.82) 0.01 

Fawwad et al
8
  2018, Turkey 3.36 (2.67) 4.34 (3.32) <0.001 

Megalla et al 
65 

2015, Egypt 1.14 (0.3) 2.39 (1.01) <0.001 

Oztuk et al
68

  2013, Turkey 2.04 (0.72) 2.46 (1.26) <0.0001 

  Diabetic nephropathy (albuminuria)  

Normal Micro macro 

Present study 2022, Dharwad 2.78 (2.22) 4.95 (4.43) 4.04 (2.91) <0.0001 

Khandare et al
62 

2017, Gujarat 1.94 (0.65) 2.83 (0.85) <0.0001 

Kahraman et al
67 

2014, Turkey 1.9 (0.9) 2.6 (1.0) 3.6 (1.3) <0.0001 

  Diabetic retinopathy  

Normal NPDR PDR 

Present study 2022, Dharwad 2.78 (2.42) 4.11 (2.64) 9.66 

(10.79) 

<0.0001 

Megalla et al
65

  2015, Egypt 1.14 (0.3) 2.25 (0.72) 2.79 (1.45) <0.001 

  Diabetic neuropathy (DN)  

With DN Without DN 

Present study 2022, Dharwad 3.113 (2.57) 5.15 (5.18) 0.051 

Gurmu et al
2 

2022, Ethiopia 1.65 (0.20) 2.66 (0.49) <0.001 

Xu et al
63

  2017, China 2.18 (0.61) 2.58 (0.50) <0.001 
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The above table shows a comparatively higher NLR value in all those with 

complication than in those without complication and this association in all the studies 

were statistically very significant. A study done by Duman et al
7
 also showed a higher 

NLR value in those with protinuria, retinopathy and neuropathy but was statistically 

significant only for nephropathy.  

In the present study, NLR value of more than 3 was seen in 62.5% of the study 

participants with retinopathy, 74.5% of them with neuropathy and 65.6% of them with 

nephropathy. Similar study done by Chittawar et al showed an NLR value of more 

than 2.6 in 43.54% of those with retinopathy, 32.6% and 54.54% of those with 

neuropathy and nephropathy respectively. Even though the percentage of study 

participants with higher NLR in those with complication was lower in the later study 

compared to that of ours they showed a steady increase in the percentage through the 

quartiles (I-0.85‑1.71, II- 1.71‑2.1, III- 2.1‑2.60, IV- >2.6) and was found to be 

statistically significant.  

Our study showed a weak positive correlation between NLR and HbA1c 

(r=0.024) and was not found to be statistically significant. But study done by Duman 

et al
7
 in 2019 in Turkey showed a strong positive correlation (r=0.51) which was 

statistically significant.  
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CONCLUSION 

Our study revealed that NLR was significantly raised in T2DM patients with 

microvascular complications. It was found that NLR positively correlated with 

HbA1c. DM being more prone to variety of complications which can be both short- 

and long-term frequently results in early mortality and is mainly due to its prevalence, 

insidious onset, and delay in its diagnosis. NLR being a simple, cost effective and 

easily available investigation can be used for screening tool to detect diabetic micro 

complications at an earliest especially in a resource constrained setup with limited 

laboratory facilities. Hence, NLR can be considered as a potential alternative for other 

costlier inflammatory markers and also a prognostic biomarker of any microvascular 

complications among T2DM patients. Based on these findings we can recommend 

toinclude NLR in clinical practice for the diagnosis and prognosis of diabetic 

complications. 
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SUMMARY 

Diabetes is associated with microvascular complications like diabetic 

retinopathy, diabetic nephropathy and diabetic neuropathy. 

Various tests are available for diagnosis of these complications like 

fundoscopy, monofilament test, nerve conduction test and urine microalbuminuria, 

urine albumin creatinine ratio. 

Neutrophils- lymphocyte ratio is indicator of inflammation, NLR is increased 

in inflammation, hence it is used as an indicator of chronic inflammation and leading 

to microvascular complications. In our study, 200 patients with HbA1C between 7-9 

have taken for the study, NLR and microvascular complications were analysed.  

This was the prospective study conducted in SDM, hospital.  

Analysis was as follows : 

 Mean age of the participant is 58.36 years 

 Mean duration of diabetes was 10.18          

 Majority of the patients were males (63%) and female were (37%) 

 Majority patients came for follow up and were asymptomatic (81%), followed 

by burning sensation ion the foot (11%), decreased vision (6.5%) 

 Fundoscopy , monofilament test  and urine microalbumin was done in these 

patients and correlated with NLR.  

 Patients with normal NLR were having lower prevalence of diabetic 

microvascular complications. 

 Patients with increased NLR were having higher prevalence of diabetic 

microvascular complications. 
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NLR being a simple, cost effective and easily available investigation can be 

used for screening tool to detect diabetic micro complications at an earliest especially 

in a resource constrained setup with limited laboratory facilities.  

Hence, NLR can be considered as a potential alternative for other costlier 

inflammatory markers and also a prognostic biomarker of any microvascular 

complications among T2DM patients. 
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ANNEXURE 1 

INFORMED CONSENT FORM 

 

“THE STUDY OF NEUTROPHILS TO LYMPHOCYTE RATIO IN 

MODERALTELY CONTROLLED DIABETES (HbA1C 7-9)AND ITS 

CORRELATION WITH MICROVASCULAR COMPLICATIONS” 

Study no : 

Name of the participant:  

Name of the principal investigator: 

Name of the institution:  

SDM COLLEGE OF MEDICAL SCIENCES, MANJUSHREE NAGAR, 

SATTUR, DHARWAD-580009 

 I, _______________________________________________, have read the 

information in this form (or has been read to me). I was free to ask any questions and 

they have been answered. I am exercising my free power of choice, hereby give my 

consent to be included as a participant in  

“THE STUDY OF NEUTROPHILS TO LYMPHOCYTE RATIO IN 

MODERALTELY CONTROLLED DIABETES (HbA1C 7-9)AND ITS 

CORRELATION WITH MICROVASCULAR COMPLICATIONS” 

1. I have read and understood this consent  form and the information provided to 

me. 

2. I have been explained the consent document and nature of study.  

3. My rights and responsibilities have been explained to me by the investigator. 

4. I have been advised about the risks associated with my participation in the 

study. 

5. I have informed the investigator of all treatments I am taking or have taken in 

the past. 

6. I agree to cooperate with the investigator and I will inform him immediately if 

I suffer from unusual symptoms. 
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7. I am aware of the fact that I can opt out of the study at any time without 

having to give any reason and this will not affect my future treatment in the 

hospital. 

8. I am also aware that the investigators may terminate my participation in the 

study at any time, for any   reason, without my consent. 

9. I hereby give permission to the investigators to release the information 

obtained from me as result of participation in this study to the sponsors, 

regulatory authorities, Government agencies and the ethics committee. I 

understand that they may inspect my original records. 

10. My identity will be kept confidential if my data are publicly presented. 

11. I have had my questions answered to my satisfaction. 

12. I have decided to be in the research study. 

13. In this study we wanted to diagnose the microvascular complications in 

diabetic patients and its correlation with neutrophil lymphocyte ratio.  

 

Patient’s signature with name 

 

Relationship to patient 

 

Date   :       

Place  : 

 

Participant’s signature/Thumb Impression 
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KANNADA CONSENT FORM 
1.                                              . 

                                   . 
                                         . 
2. 

                                                              
                         
                          . 
3. 

                                                    
                        

                                              . 
4. 

                                                    
                       
              . 
5.                                              . 
                                                       
    . 
6. 

                                                         
                    

                                                           
                    

                                   
 

         ………………………………………… 

         ………………………………………………………….. 

      …………………… .. 
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        …………………………………………………………. 

                                                        
         / 

                           
       ………………………………………. 

 

(                                       ) 
         …………………………………………………………… 

      ………………….……………………………………………………………. 
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ANNEXURE II 

PROFORMA FOR STUDY 

CASE PROFORMA 

Participant’s name: 

Investigator sign : 

 

Investigator name : 

PROFORMA  CASE NO: 

Name:                                                          Age:           yrs                     Sex: M / F  

Address:                                                      Occupation:                          OP / IP No: 

 

HISTORY OF PRESENTING ILLNESS  

SYMPTOMS 

SIGNS 

DURATION OF ILLNESS  

PAST HISTORY:  

 

PERSONAL HISTORY-  smoking 

Alcohol 

Tobacco chewing 

Drug abuse/others 

 

GENERAL PHYSICAL EXAMINATION  

 

PR:           bpm               BP:             mm/Hg        

RR:           cpm          SpO2:           Temp:                         

 Pallor/ icterus/ cyanosis/ clubbing 

 

SYSTEMIC EXAMINATION 

 

 

PROVISIONAL DIAGNOSIS 
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INVESTIGATIONS: 

Hb:            g/dl            

TOTAL LEUCOCYTE COUNT 

DIFFERENTIAL LEUCOCYTE COUNT 

NEUTROPHIL:                     LYMPHOCYTE:                                                                                                     

Platelets:            lakhs/L   

Hematocrit: 

URINE MICROALBUMINURIA 

FUNDOSCOPY 

NERVE CONDUCTION STUDY 

 

 

USG ABDOMEN  

FINDINGS:     

 

KIDNEY SIZE : 

                                                                                                                                                   

 

 

OTHER FINDINGS - 
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ETHICAL CLEARANCE 
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MASTER CHART 
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Annexures 

79 

 



 

 

 

Annexures 

80 

 



 

 

 

Annexures 

81 

 



 

 

 

Annexures 

82 

 






