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Chapter I: Introduction 

 

Prediabetes is a state of hyperglycemia which consists of Impaired Glucose Tolerance 

(IGT) and Impaired Fasting Glucose (IFG) both of which are characterized by 

abnormal increases in plasma glucose which are considered higher than the normal 

blood glucose values but below the threshold for the diagnosis of diabetes (WHO, 

2016. The other alternative names associated with prediabetes involve ‘non-diabetic 

hyperglycemia/intermediate hyperglycemia’ (WHO 2016).       

Both IGT and IFG play a tremendous role in the field of diabetes. First and foremost, 

they possess a serious threat to the  future development of diabetes. Secondly, both 

are risk factors for the development and progression to Cerebrovascular Disease 

(CVD). Thirdly, they play a significant role in the prevention of diabetes through the 

introduction of future interventions. The risk factors for the progression to Type 2 

Diabetes Mellitus (T2DM) from IFG and IGT is related to glucose levels along with 

weight and age. The 5 years progression rate for the conversion to T2DM from IGT or 

IFG are estimated to be 26 % and 50% respectively (IDF 2021).   

Currently there are approximately 541 million (10.6%) adults worldwide that suffer 

from IGT, and this figure is projected to increase exponentially to 730 million 

(11.4%) of all adults in 2045 (IDF 2021).  

On the other hand, currently there are approximately 319 million (6.2.%) adults 

worldwide that suffer from IFG, and this figure is projected to increase exponentially 

to 441 million (6.9%) of all adults in 2045 (IDF 2021).  

A nationwide survey done in the Bangladeshi population, which was conducted in 

over 83000 patients, the prevalence of diabetes was 9.7% as compared to 22.4% for 

prediabetes (Akter S et al., 2014). More alarmingly 56% of the population were not 

aware that they were diabetic. A more recent meta-analysis involving over 56,000 

individuals had demonstrated a prevalence of 10.1% for prediabetes in Bangladesh 

based on the findings of 26 population based studies (Akter S  et al., 2020). 

In the last 15 years there has been a tremendous increase in the global healthcare 

expenditures owing to diabetes and its complications in the adult age group (20–79 

years). These expenditures are expected to increase further in addition to the direct 

costs associated with diabetes itself (IDF 2021) .  
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Although there are rising global healthcare expenditures on diabetes worldwide, only 

1% of the total healthcare was spent in the South East Asia (SEA) region despite 

housing 16.8% of the total global diabetes population (IDF 2021).     

These expenditures owing to the increasing diabetic population worldwide will 

eventually have a substantial and significant impact on health expenditures worldwide 

and contribute to almost 11.5% of the overall global health spending (IDF 2021). 

In a poor resource country like Bangladesh where an alarmingly large number of 

people are living beyond the poverty line, with the rising healthcare expenditures, 

limited resources and poor accessibility to both medications and health care 

professionals with little or no government action to provide free medications or 

insulin, the struggles of the public are tremendous and detrimental to the basic human 

rights advocated for the citizens. Even the lab diagnostics and access to health care 

personal are contributed from the patient’s own pockets rather than in the form of 

government subsidies or initiatives for the benefit of improved access to healthcare. 

Hence, a significant number of people who are currently under the poverty line or 

lower, lower middle or middle class patients are finding it exceedingly difficult to 

make ends meet and purchase their own medications, perform their own laboratory 

investigations and finance their own routine doctor’s consultations.  

The disease itself is not only causing problems for the patients but also creates a 

burden for the family as well. The burden for both patients and their families are due 

to increased Type 2 DM complications which leads to financial burden decreasing the 

daily quality of life. In Bangladesh, the average annual cost for diabetic medication 

was $865 in 2019 which was the highest contributor to the healthcare expenditure 

followed by the indirect costs of hospitalization due to diabetes complications. The 

hospitalized patients had to endure 4.2 times higher average annual costs due to 

diabetes than those without hospitalization (Afroz et al., 2019). These results are 

higher than previous studies conducted in the Bangladeshi population ($314) and 

considerably higher than other South Asian countries like India ($525) and Pakistan 

($197) which states that the average annual costs for each patient with diabetes are 

also increasing exponentially (Afroz et al., 2019) .   

In addition to urbanization, the main factor for the high prevalence of diabetes and 

metabolic abnormalities among Asians is the tendency for central obesity and insulin 
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resistance (Akter S et al., 2014).Asians also have a higher prevalence of prediabetes 

as compared to their Caucasian counterparts owing to their increasing sedentary 

lifestyle, adoption of western diets and rapid urbanization. All these factors are strong 

indicators of obesity and insulin resistance (Naqvi S et al., 2017).  

Dyslipidemia and poor glycemic control (increased fasting glucose) are both 

modifiable risk factors for the development of coronary artery disease in T2DM 

patients. Diabetic dyslipidemia is characterized by high LDL and low HDL 

cholesterol as well as high triglycerides. Increased triglyceride levels pose an 

independent risk factor for the development of T2DM and glucose metabolic 

disorders. It specifically targets the muscle, adipose tissue, and pancreatic cells to 

increase the blood glucose levels. It is also an independent risk factor that contributes 

to non-alcoholic fatty liver disease and metabolic syndrome (Lee T L et al., 2021).  

Insulin resistance (IR) is not only a significant contributor to the development of 

Cerebrovascular Disease (CVD) but also has a strong correlation with the outcomes 

associated with CVD  (Zhang Y et al., 2020).   

The Hyperinsulinemic-Euglycemic Glucose Clamp (HEGC) is the gold standard for 

the evaluation of insulin resistance (DeFronzo RA et al., 1979) but it is a costly 

procedure, time-consuming and very difficult to operate in large populations or 

regular clinical settings (Muniyappa R et al., 2008). Other alternative widely used 

methods for evaluating insulin resistance involves the homeostasis model assessment 

for insulin resistance (HOMA-IR) index which requires the fasting plasma glucose  

Matthews DR et al., 1985). However, the HOMA-IR involves Serum Fasting Plasma 

Glucose or C-peptide assays which are expensive, not easily assessable and has 

limitations associated with poor reproducibility. So, there is a necessity for newer 

biomarkers that are more reliable, affordable, and easier to detect in everyday clinical 

settings (Zhang Y et al., 2020).  

So, the search for more inexpensive and equally reliable markers is of paramount 

importance to ensure effective screening among the patients. The triglyceride glucose 

(TyG) index is a new risk marker that has been extensively studied in type 2 diabetes 

patients and has also been suggested as a surrogate marker for insulin resistance 

owing to its close correlation and enhanced predictability with HOMA-IR . It is 

measured as the product of the fasting glucose and fasting triglyceride levels and 
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hence is simple, inexpensive, and a reliable marker in poor resource settings (Du T et 

al., 2014) 

Insulin resistance has been linked to poor glycaemic control, dyslipidemia, 

hypertension, and advanced atherosclerosis (Bonora E et al. 2002). Concomitantly, 

TyG has also been identified as a risk marker for Coronary Artery Disease (CAD)  

(Lee EY et al. 2016)  and Non-Alcoholic Fatty Liver Disease (NAFLD) (Zhang S et 

al. 2017). Studies also suggest a potential role for TyG in diabetes management 

primarily because of its close association with glycaemic control. Elevated 

triglyceride levels have been linked to impaired muscle glucose metabolism and can 

thereby reduce insulin sensitivity (Timalsina S et al. 2021). Additionally, TyG index 

has a strong correlation with calcification (Park K et al., 2019), stenosis (Lee EY et al. 

2016), and stiffness (Lee SB et al. 2018) of the coronary arteries as well as 

symptomatic CAD (Da Silva A et al. 2019).    

The Glycosylated Haemoglobin (HbA1c) level is a relative reflection of the average 

glycaemic status over the previous 3 months and has been strongly associated with 

both micro as well as macrovascular complications of diabetes (Laiteerapong N et al., 

2019). The frequency of testing depends on several factors like the clinicians advise, 

follow up protocols in respect to the current clinical status of the patient and modify 

the treatment regimen accordingly. However, it’s use is still limited as a regular 

screening test owing to its high costs and the availability of standardized lab assays. 

The OGTT requires more time and involves both fasting and 2 hours 75g post glucose 

load blood samples and twice the number of venipunctures (Bergman M et al., 2020). 

There are also certain limitations to the use of HbA1c in clinical settings apart from it 

being expensive, for instance in demonstrates a variation in protein susceptibility and 

varies substantially in between different ethnicities and races. HbA1c is also altered in 

haemoglobinopathies like hemolytic anaemia, chronic malaria, blood loss as well as 

in pregnancy (Bergman M et al., 2020).  

It has also been suggested that TyG index appears to have a stronger correlation than 

HbA1C and plasma triglyceride levels for the occurrence of cardiovascular events in 

diabetic patients and is a superior predictive factor (Su WY et al., 2019). Since 

HbA1c has quite a large no. of  afore-mentioned limitations like within-day blood 

glucose variability especially in relation to hypoglycaemic events  and does not reflect 
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long term dyslipidemic changes, the TyG index can give us a clearer picture in this 

regard to glycaemic control and variability in dyslipidemic patients.  Thus, the author 

has decided to conduct a study which will not only help to find out a cost-effective 

screening for prediabetes but also positively correlate with HbA1c as a marker of 

prediabetes and HOMA-IR as a marker of Insulin Resistance. 

Aims and Objectives of Study: 
 

Overall Objectives: To compare the efficacy of Triglyceride Glucose Index and 

HbA1c as a marker of prediabetes and insulin resistance in a Tertiary Care Hospital in 

Chittagong 

Specific Objectives: 

1. To find out a cost-effective screening for prediabetes 

2. To check whether Triglyceride Glucose (TyG) index is comparable to HbA1c 

for screening for prediabetes. 

3. To check whether Triglyceride Glucose (TyG) index is comparable to HOMA-

IR as a marker for insulin resistance.  
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            Chapter II: Review of Literature 

 

2.1 Concept of Prediabetes 

Prediabetes is a state of hyperglycaemia when an individual’s blood sugar level is 

higher than normal, but the threshold is not enough to be considered as diabetes 

(Genuth S et al., 2003). 

The American Diabetes Association (ADA) has defined prediabetes as IFG and IGT 

based on the Oral Glucose Tolerance Test (OGTT) where IFG is defined as fasting 

plasma glucose concentration in the range of ≥5.6 - ≤6.9mmol/L and IGT is defined 

as elevated 2 hours plasma glucose level in the range of >7.8 - <11.0 mmol/L after a 

75g post glucose load on the OGTT. It could also be defined in the parameters of 

HbA1C in the range of ≥5.7 - ≤6.4% (Chowdhury SR et al., 2018). 

However, The World Health Organization (WHO) differs in its definition of IFG to 

the ADA where it states that IFG is considered as fasting plasma glucose 

concentration in the range of >6.1 - <6.9 mmol/L while the criteria for diagnosis for 

IGT remains the same as the ADA (Chowdhury SR et al., 2018). 

Moreover, The American Association of Clinical Endocrinologists (AACE) does not 

recommend the use of HbA1C alone for the diagnosis of prediabetes. The AACE 

states that HbA1C values in the range of 5.5-6.4% can be used in the screening for 

prediabetes but additional tests like FPG or OGTT need to be done to confirm the 

diagnosis. Screening can be done using HbA1c as a reference value (5.5-6.4%) but the 

confirmation must be determined by additional test like FPG or OGTT (Chowdhury 

SR et al., 2018).  

Prediabetes is associated with a high-risk of developing diabetes related complications 

like cardiovascular disease, nephropathy, neuropathy in addition with a heightened 

risk of developing diabetes as well. About 21% of prediabetes individuals will most 

likely have at least one microvascular complication as shown from the results of The 

Australian Diabetes, Obesity and Lifestyle Study (AUSDIAB) (Richard EP, et al., 

2007). 

2.2 Epidemiology and Prevalence of Prediabetes 
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Currently there are approximately 541 million (10.6%) adults worldwide that suffer 

from IGT, and this figure is projected to increase exponentially to 730 million 

(11.4%) of all adults in 2045 (IDF 2021).  

On the other hand, currently there are approximately 319 million (6.2.%) adults 

worldwide that suffer from IFG, and this figure is projected to increase exponentially 

to 441 million (6.9%) of all adults in 2045 (IDF 2021).  

A nationwide survey done in the Bangladeshi population, which was conducted in 

over 83,000 patients, the prevalence of prediabetes was 22.4% (Akter S et al., 2014). 

A more recent meta-analysis involving over 56,000 individuals had demonstrated a 

prevalence of 10.1% for prediabetes in Bangladesh based on the findings of 26 

population based studies (Akter S  et al., 2020). 

2.3 Rationale for the definition of Pre-diabetes 

The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus 

recognized an intermediate group of individuals whose blood glucose levels were 

either too high to be considered normal or not enough to be considered as diabetic or 

have yet to reach the criteria for diabetes. They furthermore identified these groups of 

intermediate individuals as having Impaired Fasting Glucose (IFG) or  Impaired 

Glucose Tolerance (IGT) (Genuth S et al., 2003). 

Those individuals identified with having either IFG or IGT were termed as 

prediabetes and have a high risk of developing T2DM over the course of time.  Both 

IFG and IGT are independent risk factors for Cardiovascular Disease as well as 

diabetes. Prediabetes (IFG and IGT) is also linked to obesity (both abdominal and 

visceral), dyslipidemia (high triglycerides and/or low HDL Cholesterol) and 

Hypertension as well (Richard EP et al., 2007).  

A systematic review consisting of studies from 16 cohorts identified that those 

individuals with an HbA1c between 5.5-6.0% had a significantly increased risk of 

developing T2DM with an incidence ranging from 9-25%. Whereas those individuals 

with an HbA1C between 6-6.5% had an incidence of 25-50% for developing T2DM 

and a relative risk which was substantially (20 fold) higher than those with an HbA1c 

of 5.0% (Zhang X et a;., 2010). Subsequently, An HbA1c of 5.7% from other studies 
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indicate similar diabetes risk as compared to that of those with high risk in the 

Diabetes Prevention Program (DPP).  

Hence an HbA1C range of 5.7 to 6.4% can be considered in identifying individuals 

with high risk for future diabetes and this state of intermediate hyperglycaemia can be 

considered as prediabetes (Anonymous et al., 2012). 

2.4 The pathophysiology of Pre-diabetes 

Insulin resistance and β-cell failure represent the main pathophysiological defects in 

prediabetes which eventually leads to abnormal glucose levels (Abdul-Ghani MA et 

al., 2006). Subjects with prediabetes are mostly insulin resistant and have lost a 

substantial amount of their β-cell function but the location of resistance differs in IFG 

as opposed to IGT. Those individuals with isolated IGT have moderate to severe 

muscle insulin resistance and reduced hepatic insulin sensitivity but those with IFG 

have altered hepatic insulin resistance but normal muscle insulin sensitivity. Other 

distinguishing features to the mechanism of altered blood glucose metabolism 

involves a difference in their insulin secretion patterns. There is an altered late phase 

insulin secretion response to an IV glucose load in individuals with isolated IGT with 

a normal first phase insulin response. Whereas for individuals with isolated IFG there 

is a blunted first phase insulin secretion (Weyer C et al., 1999). Additionally, the 

Glucagon-like-peptide levels are reduced in individuals with both IFG and IGT as 

opposed to those with isolated IFG or IGT (Zhang F et., 2012). 

2.5 Diagnosis of Diabetes Mellitus: 

Diabetes mellitus can be diagnosed in multiple ways. Each way usually needs to be 

repeated a second time to confirm diabetes. 

2.5.1 HbA1C: The Glycosylated Hemoglobin in short HbA1C or simply A1C refers 

to the average blood sugar of last two to three months. Diabetes is diagnosed if the 

A1C of greater than or equal to 6.5% (Anonymous et al., 2022). It is shown in % . 

Table 1: Diagnosis of DM regarding HbA1C (Adapted from ADA, 2022) 

Result HbA1C 

Normal <5.7% 

Pre-diabetes 5.7-6.4% 
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Diabetes ≥6.5% 

 

2.5.2 Fasting Plasma Glucose (FPG):By fasting plasma glucose level, a person can 

be labeled as a diabetic, IFG or normal. A person with normal glucose or IFG , if 

subjected to OGTT, may be found to be diabetic or IGT. 

Table 2: Diagnosis of DM regarding Fasting Plasma glucose (Adapted from ADA 

2022) 

Result Fasting Plasma Glucose(FPG) 

Normal <100mg/dl 

Pre-diabetes 100-125 mg/dl 

Diabetes ≥126mg/dl 

 

2.5.3 Oral Glucose Tolerance Test (OGTT): Plasma glucose level is determined by 

fasting and 2 hours after 75 grams of oral glucose drink. It classifies a person as a 

diabetic, IGT or IFG. 

Table 3: Diagnosis of DM regarding Oral Tolerance Test (OGTT) (Adapted 

from ADA 2022) 

Result Oral Glucose Tolerance Test (OGTT) 

Normal <140mg/dl 

Pre-diabetes 140-199 mg/dl 

Diabetes ≥200mg/dl 

 

2.5.4 Random Plasma Glucose (RPG): No preparation is required for this 

procedure. Plasma glucose levels are estimated from a sample irrespective of the last 

meal. RPG, in presence of classical symptoms of hyperglycaemia or hyperglycaemic 

crisis with a blood sugar reading of ≥11.1, can confirm diabetes (Anonymous, et al., 

2022).  

2.6 Screening for prediabetes and type 2 diabetes in adults 

Testing for prediabetes/type 2 diabetes in asymptomatic should be considered in 

adults of any age who are overweight/obese (BMI ≥23 kg/m2 in Asians) and who have 

one or more of the following risk factors: 
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• First-degree relative with diabetes 

• High-risk race/ethnicity, like Bangladeshi’s 

• History of CVD  

• Hypertension (≥140/90 mmHg or on therapy for hypertension) 

• HDL cholesterol level <35 mg/dl and/or a triglyceride level >250 mg/dl 

• Women with polycystic ovary syndrome (PCOS) 

• Physical inactivity 

• Other clinical conditions associated with insulin resistance (e.g., severe 

obesity, acanthosis nigricans) 

For all other people (even without risk factors), testing should begin at the age of 35 

years. 

If results are normal, testing should be repeated at 1-3 year intervals, with 

consideration of more frequent testing depending on initial results and risk status. 

Patients with prediabetes (A1C ≥5.7%, IGT, or IFG) should be tested yearly. Women 

who were diagnosed with GDM should have lifelong testing at least every 1-3 years. 

Immediate testing is required in symptomatic cases (Anonymous et al., 2022). 

Screening of patients for prediabetes could also implement the use of validated risk 

calculators such as Finnish Diabetes Risk Score (FINDRISK), or Canadian Diabetes 

Risk Assessment Questionnaire (CANRISK), Framingham risk score etc. 

(Anonymous et al., 2012). 

Random plasma glucose, FPG, HbA1c, OGTT or Glucose Challenge tests etc. are the 

preferred methods for screening for prediabetes. The nature of the tests depend on 

clinical features and patient preferences (Tabak AG, et al., 2012). 

It should also be noted that excessive screening may lead to over diagnosis, 

unnecessary investigations, treatment and adverse effects, psychosocial and economic 

costs. Hence, there is lack of clear clinical evidence to support screening subjects with 

low to moderate risk of diabetes. However, with a targeted approach for high risk 

patients, the screening costs could be reduced (Anonymous et al., 2012). 

2.7 Complications of Pre-diabetes 

Pre-diabetes is linked with an increased risk for developing both microvascular and 

macrovascular complications.  
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IGT can be an independent risk factor for future stroke  which was evident in the 

DUTCH TIA study findings (Vermeer SE et al., 2006). Individuals with IGT The 

DECODE study were more prone to develop cardiovascular disease risk and all-

cause mortality as per the findings of the DECODE study, but it was less evident for 

IFG. The Diabetes Prevention Program also showed that Diabetic retinopathy was 

also found to be more common in individuals with Pre-diabetes (Nathan MD, 2007). 

Many studies showed increased prevalence of polyneuropathy in isolated IGT 

compared with isolated IFG (Ziegler D et al., 2008). Several reports also showed an 

increased prevalence of early diabetic nephropathy in terms of microalbuminuria in 

IGT patients as compared to normoglycemic participants (16 vs 4%) (Curb JD et al., 

1995). Finally, all complications of diabetes can occur in Pre-diabetes, and this is 

more evident in those patients with IGT than IFG. 

2.8 Prevention of Prediabetes 

2.8.1 Prevention of Prediabetes through Lifestyle Modifications 

The Diabetes Prevention Program (DPP) (Knowler WC et al., 2009), the Finnish 

Diabetes Prevention Study (DPS) (Tuomilehto J et al., 2001), China Da Qing Diabetes 

Prevention Study (CDQDPS) (Li G et al., 2008) and the Indian Diabetes Prevention 

Program (IDPP-1) (Ramachandran A et al., 2006) all demonstrated that an exercise 

intervention of about 150 minute/week together, dietary intervention along with 

weight reduction from 5-7% during the period of the study could lead to significant 

reductions (29-58%) in the progression to T2DM from prediabetes. 

2.8.2 Prevention of Prediabetes through Medications 

Results from the DPP research (Knowler WC et al., 2009) and the IDDP 

(Ramachandran A et al., 2006) studies demonstrated a significant relative risk 

reduction (25-30%) in those individuals with prediabetes that were treated with 

metformin irrespective of lifestyle modifications. Other studies with α-glucosidase 

inhibitors (Acarbose (Chiasson JL et al., 2002) and Voglibose) (Kawamori R et al., 

2009) also demonstrated remarkable reductions in the incidence of T2DM from 

prediabetes (25-40%) with a strikingly large proportion of the IGT individuals also 

returning to normal glucose tolerance by using acarbose. The ACT NOW study 

(DeFronzo RA et al., 2011) with pioglitazone also demonstrated similar results of 

conversion from IGT to normoglycaemia with 30-45 mg doses with findings 
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consistent with the previous studies with acarbose intervention (Chiasson JL et al., 

2002).  

2.9 Further implications for screening in developing countries. 

 

We face a big dilemma in the developing nations because of the effects of diabetes 

related complications especially in the working age-groups. These countries do not 

have the infrastructure to manage the advanced stages of the disease and are ill-

equipped with modern facilities or resources. However, there are strategies that can be 

easily implemented that can aid screening in these countries.  

One such measure involves taking examples from cost-effective interventions used in 

developed countries to prevent diabetes and implementing them in screen-detected 

people of developing countries. However, it remains a great challenge to effectively 

implement these interventions, and the costs and benefits of diabetes screening in 

these settings are less well-known. Implementing screening policies in developing 

countries will require health systems strengthening, through creative funding and staff 

training. 

For compelling and justified reasons screening for hyperglycaemia should be a policy 

priority in developing countries. This will help reorient health systems toward cost-

saving prevention (Chowdhury SR et al., 2018).  

2.10 Insulin Resistance 

Insulin sensitivity results from the biological effects of insulin in its insulin-

responsive tissues mainly the skeletal muscle, liver, and adipose tissue. Insulin 

resistance also termed as impaired insulin sensitivity is defined by reduced skeletal 

muscle glucose clearance, suppressed glucose production by the liver and reduced 

adipose tissue lipolysis.  

The Hyperinsulinaemic-euglycaemic glucose clamp (HEGC) method is the gold 

standard procedure for measuring insulin resistance and insulin sensitivity (DeFronzo 

RA et al., 1979). The method relies on the constant interaction between the glucose 

concentrations and insulin secretion which disrupts their physiological feedback loop 

mechanism. Whole-body insulin sensitivity can then be assessed by continuous 

glucose infusion rates which are required to maintain a level of glycaemic status 

which is given as the M value (Andres R et al., 1962). 
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The HEGC clamp method is unfortunately time consuming, difficult to operate and 

requires a fair level of expertise. So, far more simpler tests that have been developed 

for assessing insulin sensitivity in epidemiological studies. These include the 

homeostasis model assessment (HOMA-IR) (Matthews DR et al., 1985) and the 

QUICK1 (Katz A et al. 2000’) which are calculated from the fasting plasma glucose 

and C-peptide/Fasting Serum Insulin concentrations (Wallace TM et al., 2002). It has 

its limitations because it relies on the fact that the liver is responsible for contributing 

to the FPG and relies on expensive tests like fasting serum insulin and C-peptide 

levels for routine diagnosis (Ekberg K et al., 1999). Likewise, the glucose is thereby 

utilized up to 60% in non-insulin-dependent tissues, such as the brain, and to lesser 

extent in insulin-sensitive tissues, such as muscle and liver (Baron AD et al., 1985). 

Therefore, the insulin resistance derived from the fasting plasma glucose parameters 

do not correlate with the clamp-derived glucose disposal. Furthermore, it is not a valid 

measure of calculating insulin sensitivity when overt diabetes occurs which disrupts 

the physiological balance between circulating glucose and insulin concentrations 

(Malita FM et al. 2006), (Radziuk 2000). 

 

2.10.1 Insulin Resistance and the Metabolic Syndrome 

The Metabolic syndrome (MS) occurs as a cluster of metabolic and medical disorders. 

Among them obesity, glucose intolerance, dyslipidaemia and hypertension develop 

together. These constellations of defects cannot readily be explained to occur by 

chance.  

In the ongoing debates about MS the key issue is whether this cluster of abnormalities 

arise from obesity or insulin resistance (IR). The lack of consensus on major 

underlying factors in the development of MS is the illustrated history of its different 

names e.g., plurimetabolic syndrome, syndrome X, Deadly quartet, Reaven’s 

syndrome, insulin resistance syndrome, dysmetabolic syndrome, etc.  

The International Diabetes Federation proposed a new definition of metabolic 

syndrome in 2006 (Alberti SG et al. 2006). Those involved in establishing the 

diagnosis of MS agreed that diabetes and insulin resistance had been over emphasized 

in previous definitions; and that the essential component is central obesity-measured 

by waist circumference. Ethnicity specific cut off points had been selected based on 

available data. 
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The new definition of IDF proposed that in order for a person to have metabolic 

syndrome they must fulfil the following criteria (Alberti SG et al. 2006): 

1. Central Obesity (waist circumference according to ethnicity. 

2. Plus, any of the two following criteria: 

• Raised TG >150 mg/dl 

• Reduced HDL (Male <40 mg/dl and Female <50 mg/dl) 

• Raised BP: Systolic >130 mm of Hg and Diastolic > 85 mm of Hg 

• Raised FPG >5.6 mmol/l (100mg/dl) 

It should also be noted that BMI >30kg/m2 is also acceptable as central obesity and 

IGT is also acceptable as raised plasma glucose. 

So, the metabolic syndrome (MS) is the constellation of metabolic abnormalities 

which include central obesity, atherogenic dyslipidaemia, hypertension, 

hyperglycaemia. The MS is associated with a fivefold risk for type 2 DM and two-to-

three-fold risk for CVD. 

MS is now considered as one of the principle public health issues of the 21st century 

and is now considered a global health challenge.   

There are also additional metabolic criteria for research which are recommended by 

the IDF Group. These include: 

1. Abnormal body fat distribution measurement. 

2. Other atherogenic lipids (Apo-B, small LDL particles) 

3. Insulin Resistance (other than FPG) 

4. Vascular abnormality (Beyond high BP, endothelial dysfunction) 

5. Proinflammatory state (CRP, TNF, IL-6) 

6. Prothrombotic state (PAI-1, Fibrinogen) 

7. Hormonal Factors (Pituitary Adrenal Axis) 

8. Generic factors (Alberti SG et al. 2006). 

2.10.2 Insulin Resistance at the level of Skeletal Muscle 

The main mechanism underlying insulin resistance in individuals with type 2 diabetes 

is a drastic reduction (60%) in the insulin-stimulated glycogen synthesis. Furthermore, 

after ingestion of meals the muscle glycogen synthesis increase was 30% lower in 

diabetic patients despite double the concentration of serum insulin. Hence, all the 

abnormalities related to muscle insulin resistance in T2DM patients could be 
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attributed to an abnormal insulin-stimulated glucose transport via glucose transporter4 

(GLUT4) (Shulman GI et al., 1990). 

There are also other abnormalities that contribute to human muscle insulin resistance 

which could be lipid-induced that result from the reduced muscle insulin-stimulated 

glucose transport resulting in impaired glucose phosphorylation and reduced insulin-

stimulated glycogen synthesis.  

Furthermore, intramyocellular TAGs predict muscle and liver insulin resistance far 

better than circulating plasma FFAs. Moreover, excess dietary could also contribute to 

muscle insulin resistance and type 2 diabetes can also be predicted by the circulating 

branched-chain amino acids. 

Certain other metabolic factors can contribute to muscle insulin resistance other than 

ageing such as hyperglycaemia and dyslipidaemia by impairing mitochondrial 

function (Cline GW et al., 1999). 

Figure 1: Cellular mechanism of insulin resistance in human skeletal muscle 

(adapted from Shuman et al., 2014) 
 

An increase in the fatty acid influx causes a concomitant increase in the intracellular long-chain fatty 

acid (CoA) pool which in turn fuels the oxidation of mitochondria that  or serves to synthesize 

diacylglycerols (DAGs) for storage as triglyceride (TAG) lipid droplets. As a result there is an increase 

in the intracellular DAG content. The DAGs then promotes the activation of Protein Kinase C isoforms 

(nPKC). Membrane translocation of PKC isoforms then leads to increase in the serine phosphorylation 

of insulin receptor substrate 1 (IRS-1) and in turn binds and activates the phosphatidylinositol 3-kinase 

(PI3K). This ultimately leads to a reduction in the recruitment of GLUT-4 units to the membrane with 

impaired insulin-stimulated glucose uptake and phosphorylation to glucose-6-phosphate (G-6-P) and 

ultimately decreased insulin-stimulated glycogen synthesis. 

 

2.10.3 Insulin Resistance at the level of the liver 

The liver has a dual role in blood glucose homeostasis. It can regulate both the fasting 

and postprandial blood glucose levels as it is both a glucose-storing and a glucose-

producing organ as well. After a meal is ingested, the liver stores the excess glucose 
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in the form of glycogen and suppresses the glucose production (DeFronzo RA et al., 

2004).  

In T2DM individuals with insulin-resistance, there is an impaired suppression of 

glucose production because of excessive postprandial hyperglycaemia in coexistence 

with 45% lower hepatic glycogen production in contrast to healthy individuals.  

Data from animal models show that lipid intermediates like DAGs inhibit hepatic 

insulin signaling and stimulate hepatic triglyceride accumulation like that of skeletal 

muscle lipid-mediated insulin resistance (Krssak M et al., 2004).  

Figure 2: Cellular mechanism of insulin resistance in liver (Adapted from 

Shuman et al., 2014) 
 

An imbalance of intrahepatocellular fluxes gives rise to hepatocellular diacylglyerols (DAGs), 

particularly when DAG synthesis, from both fatty acid re-esterification and de novo lipogenesis, 

exceeds the rates of mitochondrial oxidation of long-chain fatty acyl-coenzyme A (CoA) and/or the 

rates of DAG incorporation as triglycerides (TAGs) into lipid droplets. This activates the epsilon 

isoform of protein kinase C (PKCε), which likely phosphorylates the insulin receptor tyrosine kinase. 

In turn, phosphorylation of glycogen synthase kinase 3 (GSK3) phosphorylation increases, while that 

of forkhead box subgroup O (FOXO) decreases. This results in inhibition of glycogen synthase activity 

and thereby lower insulin-stimulated glycogen storage and in FOXO-mediated gene transcription of the 

gluconeogenic enzymes (e.g. phosphoenolpyruvate carboxykinase [PEP-CK] and G6P), with decreased 

insulin suppression of hepatic gluconeogenesis. 

 

2.10.4 Insulin Resistance at the level of the adipose tissue 

In the adipose tissue, there is an increased plasma concentration of TAGs and FFAs 

and in case of insulin resistance and especially T2DM there is decreased sensitivity to 

insulin and it’s corresponding action on lipolysis (Groop LC et al. 1989).  
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The liver and muscle are subjected to lipid-mediated effects because of the changes to 

its homeostasis on insulin sensitivity.  A state of “sub-clinical inflammation” arises 

from the adipose tissue because of obesity and metabolic syndrome which leads to an 

imbalance of adipocytokine secretion which have anti-inflammatory and insulin-

sensitizing entities  such as adiponectin and proinflammatory cytokines like leptin, 

TNF-α and IL-6 amongst others. These adipocytokines could cause insulin resistance 

in the liver and muscle by activating JNK1 which is involved in chronic insulin 

resistance. The activation of inflammatory cytokines could also result in obesity-

induced insulin resistance and could also contribute to chronic hyperglycaemia in 

T2DM patients (Shoelson SE et al., 2006). 

Figure 3: Cellular mechanism of insulin resistance in adipose tissue (Adapted 

from Koliaki et al., 2015) 
 

Hypothesis of adaptation of hepatic energy metabolism in the pathogenesis of non-alcoholic fatty liver 

disease and progression of hepatic insulin resistance. (a) In states of obesity, increased fatty acid 

delivery upregulates hepatic mitochondrial oxidative capacity, which prevents excessive storage of 

triacylglycerols (TAGs) but promotes the accumulation of reactive oxygen species and lipid peroxides, 

which are scavenged by hepatic catalase activity. (b) During the development of non-alcoholic fatty 

liver disease (NAFLD), the efficiency of mitochondrial coupling fails, which accelerates the generation 

of hydrogen peroxide (H2O2) in the face of decreasing catalase activity. Finally, oxidative stress 

decreases mitochondrial biogenesis, but increases leakage of mitochondria and activates c-Jun N-

terminal kinase (JNK), which drives cellular inflammation and progression to steatohepatitis (NASH). 
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2.11 Triglycerides and CVD Risk 

Triglycerides, also called triacylglycerols, are formed as result of  a single 

combination of glycerol and fatty acids in heterogenous fashion and are measured 

collectively. Triglycerides have both exogenous and endogenous sources. Endogenous 

sources are collected from dietary fat and are carried in chylomicrons which are 

produced primarily in the gut and exogenous sources are carried in very low-density 

particles which are produced in the liver. There is a complex mechanism that 

underlies the explanation behind the elevated triglyceride levels in diabetic patients. 

These mechanisms could be attributed to defective insulin action and hyperglycemia 

which cause an apparent and distinctive change in plasma lipoproteins in individuals 

with diabetes as opposed to the normal population. Subsequently, obesity and insulin 

resistance could also contribute to secondary abnormalities of lipid metabolism in 

individuals with T2DM.  

In T2DM, primarily there is an increase production of VLDL particles and its ApoB 

counterpart in the liver secondary to elevated free fatty acid influx to the liver because 

of enhanced adipose tissue lipolysis in the background of insulin resistance and/or 

insulin deficiency. Consequently, Triglycerides have also been stated as an 

independent risk factor for Cardiovascular disease in several meta-analyses. On the 

contrary, high serum triglyceride levels are associated with lipid metabolism 

abnormalities and coincide with other CVD risk factors like obesity, insulin 

resistance, diabetes, low levels of HDL-C it is therefore difficult to establish them as 

independent CVD risk factors and so the studies can be conflicting and bemusing at 

times. Even so, some causes of hypertriglyceridemia have little or no effect on 

atherosclerotic cardiovascular disease hence making it difficult to prove that there is 

any direct link between hypertriglyceridemia and CVD (Sarwar N et al., 2007).  

2.12 Common Soil Hypothesis 

In 1995 Michael P. Stern mentioned the term “common soil hypothesis” which has 

since gained momentum recently in identifying a common link between T2DM and 

CVD and studies show that elevated blood pressure, smoking, elevated total 

triglycerides, and ALT concentrations are causal risk factors for CVD and T2D. 

Thereby, demonstrating that both these chronic conditions have similar genetic and 

environmental antecedents (Stern MP, 1995).  
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Chapter III: Methods and Materials 

3.1 Study area 

People's Republic of Bangladesh is a highly populated country situated in the south 

East Asia with about 170 million populations. In Bangladesh, Chattogram is the 

second largest city. It is situated in the south-east part of the country at the bank of the 

river Karnaphully. The population of the city is around 6 million. A nationwide 

survey was done in 2011 on prediabetic patients in Chittagong and it showed an age-

adjusted prevalence of 29.2% which was the highest in the whole of Bangladesh 

(Akter S et al., 2014), hence this city was chosen as the study area owing to its high 

vulnerability for prediabetes.  

3.2 Study site 

Chittagong Diabetic General Hospital, Khulshi, Chattogram 

3.3 Study design 

The study was a descriptive/observational type of case-control study that was 

conducted in selected non-government diabetes multi-specialty hospital of 

Chattogram city named Chittagong Diabetic General Hospital. 

3.4 Study population 

All individuals attending the diabetes, endocrinology, and metabolism outpatient 

department of Chittagong Diabetic General Hospital during the time of this study is 

considered as the study population. 

3.5 Study period 

Data was collected for this study over a period of one year from October 2021 till end 

of September 2022. 

3.6 Sampling method 

Purposive sampling technique was used to collect the study sample. Patients who 

agreed to be enrolled in the study were collected consecutively until the targeted 

sample size was completed. 
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3.7 Procedure for calculating sample size. 

During the 1 year study period, all patients who came to the diabetes, endocrinology, 

and metabolism outpatient department of outdoor department were approached and a 

total of 200 prediabetes and the corresponding age and sex-matched normoglycemic 

individuals gave their consent and agreed to be enrolled in our study. 

3.8 Demographic data 

Demographic data like age, sex, occupation, educational status, physical activity 

levels, socioeconomic status, dependency, personal habits (smoking, chewing 

tobacco), past medical history, symptoms of DM and dietary history were recorded 

with the structured questionnaire. 

3.9 Anthropometric Measurements 

• BMI was derived from the mass (weight) divided by the square of the height 

of the patient and was expressed in kg/m2, whereby mass is measured in 

kilograms and height in meters respectively. BMI was calculated using the 

following formula:  

BMI = mass (kg) 

 height (m2) 

Figure 4: BMI chart for adults (Adapted from Textbook of Diabetes 5th 

Edition65) 

Category of the individual according to BMI (kg/m2): 
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1. Underweight : <18.5 

2. Normal range : 18.5 – 24.9 

3. Overweight (Pre-obese): 25.0 – 29.9 

4. Obese (Class I): >30.0 

The Waist Circumference was measured to the nearest 0.1 cm midpoint 

between the iliac crest and costal margin at the end of expiration. 

3.10 Measurements of Biochemical parameters 

Blood samples were collected from venous blood samples after an overnight 

fasting for 8-10 hours as per standard procedure. Fasting triglyceride levels 

were analyzed by a fully automated biochemical analyzer. Fasting plasma 

glucose was determined by the glucose oxidase and peroxidase method. 

HbA1c was estimated by High Performance Lipid Chromatography (HPLC). 

Fasting Triglycerides were assessed by enzymatic method and corrected for 

endogenous glycerol. Fasting plasma insulin was determined by direct 

chemiluminescent technology. 

• The Triglyceride Glucose Index (TyG) index was derived from the 

following standard formula:  

ln [fasting TG (mg/dL) × FPG (mg/dL)/2] (Selvi NMK et al., 2021) 

• Insulin resistance was measured by using the following formula: 

[HOMA-IR=fasting insulin (µIU/mL) *fasting glucose (mmol/L)/22.5] 

(Selvi NMK et al., 2021) 
 

3.11 Inclusion and exclusion criteria 

Inclusion criteria 

• Diagnosed case of prediabetes according to the International standard by 

American Diabetic Association (ADA) (Anonymous et al., 2022). 

• Normoglycemic patients. 

• Provided written inform consent in the selected area in the Questionnaire. 

Exclusion criteria 

• Participants suffering from diabetes,  

• Cirrhosis of the liver, HIV, chronic renal, pancreatic, or other severe illness,  

• Female subjects who are pregnant, breastfeeding or planning a pregnancy, and  
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• Patients who are on steroids/nicotinic acid or other medications likely to cause 

dysglycemia. 

• Patients who did not give consent for the study. 

3.12 Ethical implications 

Prior to collecting data, written permission was obtained from the director of the 

specified hospital. When approaching the study participants, a written informed 

consent was obtained from all participants before initiating their interview. The 

interview was conducted in a private room with only the interviewer and the 

respondent in the room. All collected data was kept in a secured place under lock and 

key. On data analysis in SPSS, all patient’s names were replaced by serial numbers to 

protect identity. Hence, confidentiality was maintained. 

3.13 Data collection tools 

• Structured questionnaire. 

• Physician’s prescription of respondents. 

3.14 Data collection procedure 

All patients attending the diabetes, endocrinology and metabolism outpatient 

department during the study period were approached for this study. After obtaining 

consent, they were interviewed face-to face using a pre-tested semi- structured 

questionnaire. The results were then collected and compiled on a Microsoft excel 

worksheet. 

3.15 Data analysis 

The results were initially checked for mistakes. Completed questionnaires with 

missing or confusing responses were excluded. The compiled data was then 

transferred to a data analyzing statistical software SPSS version 26 created by 

International Business Machines (IBM). The results were presented as tables and 

charts and documented as mean±SD. Results are expressed as mean±SD. Difference 

in means between the groups was evaluated by independent t test. The Receiver 

Operating Characteristic (ROC) curve was plotted based on the sensitivity and 

specificity for HbA1c and TyG indexes. Pearson correlation analysis was done to 

assess the correlation between TyG index and HOMA-IR with weight, BMI, waist 
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circumference and waist-to-height ratio. A p- value of less than 0.05 was considered 

significant and a p value of less than 0.01 was considered highly significant. 
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Chapter IV: Results 

The present study was conducted at Chattogram district and data was collected over a 

period of 1year (September 2021- October 2022) from Chittagong Diabetic General 

Hospital, a Diabetes predominant referral based multi-specialty hospital which is 

located within the district. A total of 200 individuals with prediabetes (100) and their 

corresponding sex and age-matched normoglycaemic controls (100) were enrolled in 

the study. Amongst the 100 individuals with prediabetes, there were 51 males and 49 

females that were enrolled in the study with the mean age being 47.23± 9.52 years. In 

comparison, the normoglycaemic controls consisted of equal no of males and females 

similar to their prediabetes counterparts and their mean age was 45.76 ± 8.9 years. In 

those individuals with prediabetes (n=100), 16% of the patients had impaired fasting 

glucose (IFG), 15% had impaired glucose tolerance and the remaining 69% had both 

IFG and IGT correspondingly.     

4.1 The overall socio demographic, life style behavior and general health 

information of the individuals: 

For individuals with prediabetes the most important information regarding the 

complications and associated factors are the analysis of their socio-demographic 

status, life style behavior and general health characteristics. These are being discussed 

below. 

4.1.1 Sociodemographic status of the respondents 

4.1.1.1 Occupational status of the respondents 

Figure 5: Occupational status of the respondents 
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Out of the 200 respondents, 97 (48%) were homemakers, 44 (22.5%) were service 

holders, 33 (16.5%) had their own private businesses, 15 (7.5%) were others, 4 (2%) 

were postgraduate students, 3 (1.5%) were unemployment, 2 (1%) were skilled and 2 

(1%) were manual laborers and none were farmers (Fig 5).  

4.1.1.2  Educational status of the respondents 

 

Figure 6 Educational status of the respondents 

Out of the 200 respondents, 65 individuals (32.5%) had completed their secondary 

education, 41 (20.5%) had completed their primary education, 37 (18.5%) had 

completed their graduation from university or were enrolled in postgraduate studies, 

32 (16%) were illiterate and 25 (12.5%) had completed their college education (Fig 

6). 
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4.2 Personal History of the respondents 

4.2.1 Economic Status of the respondents: 

 

Figure 7: Economic status of the individuals 

Out of the 200 respondents, a vast majority of them 120 (60%) were dependent, 

followed by 52 (26%) that were earning in the 10000-20000 Tk range, 16 (8%) were 

earning in the <10000 Tk range and 12 (6%) were earning in the >20000 Tk range 

(Fig 7).  

4.2.2 Family History of the respondents 

 

Figure 8: Family history of the respondents  

Out of the 200 respondents, 49% had their fathers suffering from DM, followed by 

45% of DM amongst their mothers, 37% amongst their siblings (brothers/sisters) and 

5% amongst their children (sons/daughters). The distribution of DM were similar 

among their parents than their siblings and offspring. 
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4.3 Lifestyle status of the respondents 

4.3.1 Physical activity of the respondents: 

 

Figure 9: Physical activity of the respondents 

 

Out of the 200 respondents, 138 (69%) individuals were engaged in <30 mins of 

walking per day, 52 individuals were engaged in 30-60 mins of walking per day,  9 

(5%) individuals had no physical activity, and 1 (0.5%) individual was involved in 

>60 mins of walking per day (Fig 9).    

4.3.2 Personal habits of the respondents 

 

Figure 10: Personal habits of the respondents 

Out of the 200 respondents, a vast majority 188 (94%) did not indulge in any 

addictions and only 10 (5%) individuals were cigarette smokers and 2 (1%) were 

consuming chewed tobacco while none of the respondents consumed any alcohol, 

hukka or any other drugs (Fig 10). 
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4.3.3 Dietary History (Green Vegetables and Fruits Consumption): 

 

Fig 11: Dietary history of the respondents 

Out of the 200 respondents, 193 (96.5%) consumed green vegetables at least once 

every day while 5 (2.5%) individuals consumed at least once every week and 2 (1%) 

consumed at least once every month. On the contrary only 49 (24.5%) individuals 

consumed fruits at least once every day, whereas 112 (56%) consumed at least once 

every week and 39 (19.5%) consumed at least once every month (Fig 11). 

4.4 General Health of the respondents 

4.4.1  Presenting Symptoms of DM on diagnosis: 

 

Figure 12: Presenting symptoms of DM on diagnosis.  
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Out of the 200 respondents, 48.5% of the individuals presented with increased 

urination (polyuria), 49.5% with increased thirst (polydipsia), 39.5% with increased 

hunger (polyphagia), 11.5% with weight loss and 73.5% with generalized weakness in 

their primary complaints for suspecting DM as a diagnosis for their condition (Fig 

12).  

4.4.2 Past Medical History: 

Figure 13 Past medical history of the respondents 

Out of the 200 respondents,35.5% had hypertension, 3.5% had other conditions, 3% 

had vison problems, 2.5% had stroke, 1.5% had foot ulcers and none had any history 

of heart attack, intermittent claudication, TB or Kidney Disease (Fig 13).  
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4.5 Comparison of anthropometric parameters between cases and controls 

Table 4: Anthropometric parameters between cases and controls groups 

 

The mean weight (76.25 ± 12.45 vs 66.8 ± 17.45), Body Mass index (28.69 ± 4.05 vs 

25.36± 4.08)  was significantly higher in the cases vs the controls and the  waist 

circumference (99.36 ± 10.67 vs 90.55 ± 11.03) was highly significantly in the 

prediabetes patients as compared to their normoglycemic controls signifying that 

obesity could be a risk factor for prediabetes. There was, however, no significant 

difference in the heights of the individuals (163.57 ± 9.62 vs 164.83 ± 12.71) in the 

prediabetes vs their normoglycaemic counterparts (Table 4).   

 

 

 

 

 

 

 

 

 

 

Anthropometric 

parameters 

Cases (n=100) Control (n=100) Total P 

value 

Weight (in Kg) 

Mean ± SD 

 

76.25 ± 12.45 

 

66.8 ± 17.45 

 

71.65 ± 15.67 

 

<0.01 

Height (in cm) 

Mean ± SD 

 

163.57 ± 9.62 

 

164.83 ± 12.71 

 

163.09 ± 11.13 

 

0.79 

Body mass index 

(kg/m2) 

Mean ± SD 

 

28.69 ± 4.05 

 

25.36 ± 4.08 

 

26.76 ± 4.52 

 

<0.01 

Waist 

Circumference 

(cm) 

Mean ± SD 

 

99.36 ± 10.67 

 

90.55 ± 11.03 

 

94.63 ± 11.38 

 

<0.001 
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4.6   Comparison of the laboratory parameters between cases and controls 

Table 5: Laboratory parameters between cases and controls groups 

 

In the analysis of the laboratory parameters, we found a highly statistically significant 

difference between the Mean Fasting Plasma Glucose (113.52 ± 9.67 vs 88.03 ± 

8.86), Oral Glucose tolerance Test (152.86 ± 18.8 vs 117.15 ± 13.29) , Fasting serum 

triglycerides (180.01 ± 38.18 vs 134.98 ± 37.52), Fasting Serum insulin levels (8.542 

± 3.52 vs 4.93 ± 2.68), HbA1c (5.93 ± 0.25 vs 5.36 ± 0.42), Triglyceride Glucose 

Index (4.863 ± 0.142 vs 4.672 ± 0.183) and HOMA-IR levels (2.468 ± 1.062 vs 1.05 

± 0.587) with a p value of <0.001 suggesting that all metabolic parameters were raised 

in the prediabetes individuals as compared to their normoglycaemic controls (Table 

5). 

 

 

 

Biochemical 

Parameters 

Cases (n=100) Control (n=100) P value 

Fasting Plasma Glucose 

(mg/dl) 

Mean ± SD 

 

113.52 ± 9.67 

 

88.03 ± 8.86 

 

<0.001 

Oral Glucose Tolerance 

(mg/dl) 

Mean ± SD 

 

152.86 ± 18.8 

 

117.15 ± 13.29 

 

<0.001 

Fasting Serum 

triglycerides (mg/dl) 

Mean ± SD 

 

180.01 ± 38.18 

 

134.98 ± 37.52 

 

<0.001 

Fasting Serum insulin 

levels (micro U/ml) 

Mean ± SD 

 

8.542 ± 3.52 

 

4.93 ± 2.68 

 

<0.001 

HbA1C (%) 

Mean ± SD 

 

5.93 ± 0.25 

 

5.36 ± 0.42 

 

<0.001 

Triglyceride glucose 

index (TyG) 

Mean ± SD 

 

 

4.863 ± 0.142 

 

 

4.672 ± 0.183 

 

 

<0.001 

HOMA-IR 

Mean ± SD 

 

2.468 ± 1.062 

 

1.05 ± 0.587 

 

<0.001 
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4.7 Comparison of Area Under Curve (AUC) of HbA1C and TyG index for the 

diagnosis of prediabetes 

Table 6: Area under Curve (AUC) of HbA1c and TyG index for the diagnosis of 

prediabetes 

Parameter AUC P value Cut-off 

point 

Sensitivity Specificity Youden’s 

Index 

HbA1C 0.923 <0.001 >5.53 0.912 0.820 0.73 

TyG Index 0.874 <0.001 >4.762 0.845 0.805 0.66 
 

The Area under the curve (AUC) demonstrates a higher ROC AUC score for HbA1c 

(0.923) as compared to the TyG Index (0.874) for diagnosing prediabetes (Table 6). 

These values were further validated with the Youden’s index which further 

demonstrates the afore-mentioned variations between HbA1c and TyG index (0.73 vs 

0.66),  but the differences were not statistically significant with a p-value of 0.062. 

The cut-off point for HbA1c was >5.53 with a maximum sensitivity of 0.912 and 

sensitivity of 0.820 for the diagnosis of prediabetes while the cut-off point for TyG 

Index was >4.762 with a maximum sensitivity of 0.845 and specificity of 0.805 

respectively (Figure 14). Both these differences in the cut-off point sensitivities and 

specificities were highly statistically significant for the diagnosis of prediabetes and 

further demonstrates that TyG index is comparable to HbA1C for the diagnosis of 

prediabetes (Table 6). 
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Figure 14: Comparison of ROC (receiver operating characteristic curve) curves 

of HbA1C and Triglyceride glucose index for the diagnosis of Prediabetes 

4.8 Correlation of various Anthropometric measurements with TyG index and 

HOMA-IR 

Table 7: Correlation of various anthropometric measurements with TyG index 

and HOMA 

Parameter Triglyceride Glucose (TyG) 

Index 

HOMA-IR 

Weight 0.186* 0.154** 

Body Mass Index 0.421* 0.372* 

Waist Circumference 0.286* 0.253* 

Waist to height ratio 0.392* 0.333* 
*P<0.01  

**P<0.05 

 

The Pearson correlation coefficients between the various anthropometric 

measurements related to insulin resistance with TyG Index and HOMA-IR 

demonstrates a highly significant difference in weight (0.186 vs 01.54) in favor of 

TyG Index with a p-value of <0.01 and a significant difference in Body Mass Index 

(0.421 vs 0.372), Waist Circumference (0.286 vs 0.253) and Waist to height Ratio 

(0.392 vs 0.333) which further demonstrates that TyG Index is comparable and in fact 

a better indicator of insulin resistance and thereby metabolic dysfunction as opposed 

to HOMA-IR with a p-value of <0.05 (Table 7).  
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 Chapter V: Discussion 

 

Prediabetes is a state of hyperglycaemia whereby blood glucose levels are too low to 

be considered as diabetes but also too high to be considered as normoglycaemia. 

Thereby, it is also termed as “intermittent hyperglycemia”. Prediabetes is associated 

with several micro as well as macrovascular complications, mainly cardiovascular 

disease, nephropathy including chronic kidney disease and neuropathy as well (Bansal 

N, 2015). 

Nearly 26-50% of individuals with prediabetes are prone to develop overt diabetes 

over the course of time if left neglected/untreated2. Hence, lifestyle modifications and 

prompt medical interventions mainly with adherence to medication targeted at 

achieving weight loss and consequently early insulin resistance could bring promising 

results with almost 40-50% relative risk reduction of complications (Nathan DM et 

al., 2007).   

So, early detection of prediabetes and insulin resistance is of paramount importance if 

we aim to achieve a significant reduction in complications. This detection strategy 

should be cheap, affordable, reliable, and accessible to the patients and can be 

reproduced in regular clinical settings if we want to achieve our primary objective. 

TyG index is a cheaper, affordable, reliable, and effective alternative to the more 

expensive tests like HbA1c and HOMA-IR for detecting prediabetes and insulin 

resistance respectively (Cline GW et al., 1999). It also has the additional benefit that 

we can derive both the lipid and glycaemic status of the individual with a single 

fasting blood sample which also improve patient compliance and thereby early 

detection could lead to early prevention of diabetes related complications (Simental-

Mendia LE et al., 2008). To our knowledge this is the first such population-based 

study that has been done in the Bangladeshi Population till date involving prediabetes 

patients using TyG index as a risk marker. 

The results of our study showed that  the Area under the Curve (AUC) demonstrated a 

higher ROC AUC score for HbA1c (0.923) as compared to the TyG Index (0.874) for 

diagnosing prediabetes. These values were further validated with the Youden’s index 

which further demonstrated the afore-mentioned variations between HbA1c and TyG 

index (0.73 vs 0.66),  but the differences were not statistically significant with a p-

value of 0.062. The cut-off point for HbA1c was >5.53 with a maximum sensitivity of 
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0.912 and sensitivity of 0.820 for the diagnosis of prediabetes while the cut-off point 

for TyG Index was >4.762 with a maximum sensitivity of 0.845 and specificity of 

0.805 respectively (Figure 6). These results are similar to recent studies conducted in 

India which shows similar cut-off points for HbA1c and TyG index in prediabetes 

individuals and thereby also ascertains the validity of the results in our population 

(Darshan V et al., 2022), (Selvi NMK et al., 2021). Both these differences in the cut-

off point sensitivities and specificities were highly statistically significant for the 

diagnosis of prediabetes and further demonstrates that TyG index is comparable to 

HbA1C for the diagnosis of prediabetes. This study is unique in the sense that is one 

of the first studies that has been done to demonstrate the efficacy of TyG index as 

compared to HbA1c in prediabetes.  

A cohort study in Korea showed a positive correlation of developing diabetes with 

increasing TyG indices even suggesting that Tyg index can be used as a reliable risk 

marker to track the progression of the relative risk and incidence of DM over the 

course of time even after adjusting for the conventional risk factors for DM ( S. H. 

Lee et al., 2014). Consequently, another study showed that TyG index was even better 

than FPG and TG levels in predicting and identifying patients suspected with a high 

risk of developing diabetes (M. Zhang et al., 2017). 

The mechanisms suggesting the correlation between TyG and DM are complex. It has 

been hypothesized that it could be due to increased fatty acid content because of 

elevated triglyceride levels thereby resulting in a shift of free fatty acids from adipose 

tissue to its non-adipose tissue counterpart which consequently disrupts the glycaemic 

status of the individual (Parhofer KG, 2015). Also, high hepatic and skeletal muscle 

triglyceride levels may also affect organ specific glucose metabolism (Kelley DE et 

al., 2001), (Nagle CA et al., 2009). Chronic inflammation in the form of 

proinflammatory cytokines and oxidative stress could also result as a consequence of 

chronic hyperglycaemia resulting in cellular damage. This process is called 

glucometabolic disorder (Rodriguez F et al., 2016). Obesity, especially visceral 

obesity, has also been linked with hyperglycemia in the background of insulin 

resistance which could further lead to the development of T2DM and future 

cardiovascular events (Frayn KN, 2000). 
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Elevated triglycerides could also alter the gastric or neural pathways that are 

responsible for glycaemic control (Lebovitz HE et al., 2013). Several studies have 

found a positive correlation between dyslipidemia and glycaemic control (Parhofer 

KG, 2015). Recent studies have also highlighted the role of high triglycerides and its 

association with HbA1c and TyG index could be used as a future marker to associate 

dyslipidemia with micro and macrovascular complications in T2DM patients (Hussain 

A et al. 2017). TyG index is also reported to be a highly specific and sensitive marker 

of identifying metabolic syndrome, insulin resistance as well as macrovascular 

disease and these findings could further cement its role as a potent marker that links 

T2DM with CVD (Mohd Nor NS et al., 2016), (Lee EY et al., 2016). 

Diabetic Dyslipidemia is characterized by elevated triglycerides, low HDL-

cholesterol, and high small-dense LDL particles (Parhofer KG, 2015). These 

alterations in the lipid parameters are not only a consequence of glucose metabolism 

impairment but also the causative agent. The mechanisms of high FFAs in these 

patients could be attributed to the following reasons: 

1. Elevated TG inducing insulin resistance and β-cell dysfunction. 

2. Disruption of GLUT transporters with insulin receptor cascades. 

3. Subclinical inflammation resulting from pro-inflammatory adipokine release 

by adipocytes (Lee Y et al., 1994), (Rachek LI, 2014). 

Our study also demonstrates that the Pearson correlation coefficients between the 

various anthropometric measurements related to insulin resistance with TyG Index 

and HOMA-IR demonstrated a highly significant difference in weight (0.186 vs 

01.54) in favor of TyG Index with a p-value of <0.01 and a significant difference in 

Body Mass Index (0.421 vs 0.372), Waist Circumference (0.286 vs 0.253) and Waist 

to height Ratio (0.392 vs 0.333) which further demonstrates that TyG Index is 

comparable and in fact a better indicator of insulin resistance and thereby metabolic 

dysfunction as opposed to HOMA-IR with a p-value of <0.05. These studies are 

consistent with previous population based studies that have been done in prediabetes 

patients comparing TyG index and HOMA-IR (Darshan V et al., 2022), (Selvi NMK 

et al., 2021). 

Prediabetes is characterized by insulin resistance in the background of pancreatic β-

cell dysfunction (Rachek LI, 2014). Glucose and lipid metabolism homeostasis is 
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maintained by adipocytes and adipose tissue which are responsible for secreting 

hormones and cytokines that are involved in chronic inflammation (S. E. Kahn, 2003). 

In the fed state, triglycerides are stored through the synthesis of adipocytes. While in 

the fasting state, triglycerides are released as free fatty acids and glycerol, which are 

then utilized by the liver and the corresponding skeletal muscle (Hajer GR et al. 

2008). In the presence of Insulin Resistance, there are several cells that contribute to 

hyperglycaemia and elevated lipids like liver, muscle, adipose tissue and pancreatic β-

cells in particular. Hypertriglyceridemia induces glucokinase activity and islet cell 

mediated glucose-stimulated insulin secretion. Hyperglycaemia causes oxidative 

stress and continuous glucose toxicity and lipotoxicity resulting in β-cell failure 

(Delarue J et al., 2007).  

TyG index has been associated with IR and can be proposed as a reliable surrogate 

marker for detecting IR even in healthy individuals (Shulman GI, 2014). These 

findings have been validated in several recent studies. TyG index and incident 

diabetes have also been demonstrated in various recent studies (Shulman GI, 2014). 

Recent studies have also revealed the relationship between TyG index and HOMA-IR 

as well as the Hyperinsulinaemic-Euglycemic clamp which is considered as the Gold 

standard test for identifying IR (DeFronzo RA et al. 2015). 

TyG index has also been proposed to be a better and more efficient marker than 

Visceral Adiposity Index (VAI) Lipid Accumulation products (LAP) in early stages 

of IR. Thereby. TyG index can also be a relative marker of both obesity and IR since 

they share the same etiology (Timalsina S et al., 2021). 

TyG index is an independent risk marker for cardiovascular events like all-cause 

death, cardiac revascularization, rehospitalization due to cardiac causes & MACEs in 

general irrespective of diabetes and traditional risk factors for CVD. High TyG Index 

is also positively correlated with ischaemic stroke, obstructive sleep apnoea, 

hypertension, coronary artery calcification, arterial stiffness, carotid atherosclerosis, 

coronary artery stenosis, small vessel disease and nephric microvascular damage 

(Timalsina S et al., 2021), (Park K et al., 2019). Additionally, TyG index can also 

help to determine high-risk cardiovascular events in healthy individuals as well which 

could prompt preventive strategies aimed at regular exercise, diet management, 

weight loss and medications to prevent future cardiovascular events. TyG index can 



43 
 

also be used for the future development of drugs that can help to improve IR and can 

be used as an additional risk marker for early identification other than conventional 

risk factors like HbA1c or FPG in patients with insulin resistance. In a recent study, 

TyG index was also associated with Diabetic Nephropathy in patients with T2DM 

(Liu L et al., 2021). It is therefore a simple and reliable test that incorporates both 

glucose and lipids pathophysiology and thereby is a more sensitive indicator of insulin 

resistance than conventional tests.  

Finally, HOMA-IR and Hyperinsulinaemic-Euglycaemic clamp test are expensive and 

time consuming and cannot be used in routine clinical settings especially in poor 

resource areas lacking standardized labs and where healthcare is dependent on the 

individual’s economic status and accessibility. TyG index is a simple, reliable, easily 

reproducible, and effective test that uses only a single sample blood test and is a valid 

surrogate marker for IR. Several studies have validated this claim which means that is 

only time demanding now to use TyG index as a regular screening test for individuals 

suspected with prediabetes or T2DM or cardiovascular disease as well irrespective of 

diabetes. High TyG index also correlates with HOMA-IR with some studies proving it 

to a better than HOMA-IR in predicting IR. TyG index correlates with both the 

atherosclerotic and metabolic derangements in IR and is also comparable to the gold 

standard Hyperinsulinaemic-euglycaemic clamp test for IR (Guerrero RF et al., 2010) 

Also, previous studies have shown that TyG index is closely linked to diabetes and 

both macro and microvascular complications  (Shulman GI, 2014).  

So, the object of our study was to find an alternative solution to the available yet 

expensive biomarkers like HbA1c and HOMA-IR which can be easily reproducible in 

routine clinical settings in poor resource conditions. Consequently, our study shows 

that TyG index significantly correlates with both HbA1c and HOMA-IR and can be 

used as an alternative screening test for the diagnosis and identification of 

prediabetes. 
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Chapter VI: Conclusion 

 

It is clearly evident that a comprehensive search for biomarkers to identify IR is of 

paramount importance in our regular clinical settings to predict prediabetes, future 

diabetes risk and in turn prevent complications that arise from diabetes and poor 

glycaemic control.  

HbA1c is a reliable and effective test to identify prediabetes/diabetes as well as 

glycemic status, but it has its limitations of being expensive and requires a 

standardized lab facility which is quite difficult in a poor resource country like ours. 

HOMA-IR and Hyperinsulinaemic-Euglycaemic clamp are both effective but also 

awfully expensive and time consuming and cannot be used in routine clinical settings. 

So, the search for new biomarkers which are cheap, dependable, easily reproducible, 

and effective and is now a dire concern for us clinicians that are working in poor 

resource low-income countries. TyG index is one such risk marker that is a reliable 

surrogate marker for IR, is cheap, simple to reproduce, does not require a highly 

standardized lab essay, is a one sample test which is also patient compliant and is also 

comparable to HbA1c for monitoring glycaemic status and predicting/identifying 

prediabetes as well. Hence, it can be used as an alternative screening tool for the 

better management of high-risk individuals prone to develop prediabetes. 

 

 

 

 

 

 

 

 

 

 

 

 



46 
 

 

 

 

 

 

 

 

 

 

 

Strengths and 

Limitations 
 

 

 

 

 

 

 

 

  

 

 

 

 

  



47 
 

Chapter VII: Strengths and Limitations 

of the Study 
 

The strengths of the present study are that the data has been collected by producing a 

pre structured questionnaire from the institution where the diabetic patients were 

physically checked-up and directly interviewed by the author himself. The author 

assessed the socio-economic status, demographic information, general health 

characteristics of 200 participants, did the documentation, data entry, data analysis 

and interpretation. 

Strength of this study also includes the size of the sample which has been collected at 

narrowly defined time-period by directly face to face interview. The collected data 

was also associated with instantly available biochemical laboratory value provided by 

the participants which are related to the findings of the study. 

The case control study considered matching two confounding factors like age and sex 

which may affect the outcome/results in observational studies.  

The limitation of the Study involves the small sample size (n=200) due to resource 

limitations since a lot of the investigations (HbA1c and Fasting Serum Insulin) were 

funded by the author himself.  

Secondly, this study involves only the Bangladeshi Population (specific ethnicity) and 

was also a single-center study (subjected to observer, selection and recall bias) so we 

cannot generalize the study to other populations. 

Thirdly, since we could only measure a baseline FPG and TG values which we are 

aware are prone to change over time and with lifestyle modifications, we need to 

perform a time-dependent analysis. 

Lastly, we did not use the gold-standard measurement of IR like the 

Hyperinsulinaemic-euglycaemic clamp because it is expensive and time-consuming 

and cannot be easily reproduced in routine clinical settings. We compensated for this 

limitation by using the TyG index, which is  a highly sensitive, reliable and easy to 

detect procedure and has been  widely proposed as a reliable surrogate of insulin 

resistance in comparison to HEGC.  
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Chapter VIII: Recommendation and future perspective 

A comprehensive and multi approach study is necessary regarding large sample size, 

different study locations covering nationwide where all categories of citizens should 

be included. So, Randomized Controlled Trials from multi-center institutions need to 

be done to rule out observer and selection bias. 
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