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Abstract 

Diabetes has emerged as a major challenge worldwide with the number of Diabetics and pre-diabetics growing at an alarming pace. While more is being 

understood about the long-term impacts and the pathophysiology of diabetes related complications such as Diabetic retinopathy, Diabetic Kidney Disease, 
Cardio-metabolic changes, more understanding is needed for a goal directed management program to prevent the descent towards these complications. The 

obvious approach would be to catch the diabetics while still in their pre-diabetes phase. While both HbA1c and fasting plasma Glucose levels have served well 

over time, it is now imperative that more exploration is needed to find biomarkers for different clinical purposes and phases in managing Diabetes. There are 
situations in which HbA1c and FGP do not serve as the best markers due to other underlying conditions which directly impact the biochemistry of these 

biomarkers. Conditions that shorten erythrocyte life cycle, conditions like anemia directly impacting Hemoglobin level will directly impact the level of HbA1c. 

Under all these conditions HbA1c will not be an ideal biomarker for diagnosis of pre-diabetes, diabetes and monitoring of long term glycemic control. Some 
other candidate biomarkers for the intermediate term glycemic control are Fructosamine and Glycated Albumin; both are constituents of Advanced Glycation 

end products. While both have shown promise in several studies Glycated Albumin a key constituent of Fructosamine is better in terms of assay standardization, 

assay automation and clinical deployment. Another big advantage of Glycated Albumin is that the rate of Glycation is nearly four (4) times higher than that of 
HbA1c making it much more sensitive to adverse changes in long term Glycemic Control. As Albumin has a turnover of 4-5 weeks, Glycated Albumin works 

to ascertain intermediate term Glycemic Control of 2-3 weeks or a month at the most. This is useful in many scenarios where therapeutic dose adjustment is 

needed. It is also important to catch the diabetics young as the longer life expectancy, increasing incidence of diabetes predisposes a large section of diabetics 
to long-term diabetic complications like retinopathy, kidney disease, neuropathy diabetic foot etc., this puts a grave stress on the patient as well as the healthcare 

system. Glycated Albumin holds lot of promise as a Biomarker for Pre-diabetes diagnoses due to its sensitivity compared to HbA1c. Glycated Albumin can 

also be deployed in all cases where HbA1c may not be an ideal candidate for monitoring glycemic control. A new consensus needs to emerge on the selection 
of optimal biomarkers for diabetes. This paper aims to research and summarize the available information and data on Glycated Albumin’s utility in diabetes 

and pre-diabetes management. 
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1. Introduction 

Diabetes Mellitus or Non Insulin Dependent Type 2 Diabetes 

is on an upsurge in the past few decades. The typical 

presentation is being marked by comparatively earlier onset 

due to changing lifestyles thereby affecting young and 

productive population world over. The characteristic clinical 

presentation of Type 2 diabetes is marked by higher Body 

Mass Index (BMI), sedentary lifestyles, consumption of 

processed food high in carbohydrates and various syrups 

leading to insulin resistance. The scientific and medical 

community is now understanding the longitudinal metabolic 

complications of insulin resistance such as retinopathy, 

hypertension, cardio-metabolic complications, diabetic foot, 

diabetic kidney disease and many others.1 The question that 

is often asked is whether the quest for diabetes markers is 

over with the settlement of HbA1c values and their wider 

acceptance globally. Glycogenesis ensue once Insulin binds 

to its receptor. This leads to the conversion of excessive 

cytosolic glucose to Glycogen and initiates the process of 

lipogenesis from excessive cytosolic acetyl-COA. Glucagon 

hormone is an antagonist of these mechanisms.2. Normal or 

lower blood glucose levels remains in the blood and does not 

readily enters the cell. Connections between glycated 

proteins such as glycated albumin have been found with 
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diabetic complications with more clarity and emphatic 

evidence in the DCCT/EDIC study.3  

1.1 Epidemiology 

India is often referred to as the diabetes capital of the world. 

India has around 77 million people diagnosed and living with 

active Diabetes. Another 136 million in pre-diabetes 

stages.4On a global level almost 592 million individuals may 

be touched by diabetes and related complications by 2035.5 It 

is estimated that in the next few decades the prevalence rate 

might increase by as much as 55%.6 The problem has become 

one with humongous proportions and requires solutions that 

can positively impact the long-term outcome of Diabetes in a 

very large subset of global population. Table 1 

Asian Indians along with Native Americans and Pacific 

Islanders have the higher propensity of developing type 1 

diabetes mellitus.7 The long-term complications of Diabetes 

when seen in perspective with the numbers make the picture 

even more scary. At the current rate of growth in Diabetes if 

a fraction of these proceed towards complications like 

Retinopathy, Diabetic Kidney disease, Diabetic foot and 

other neuropathies then we are looking at an exceedingly 

large number of people with severe complications putting all 

sorts of stress on the healthcare system, society and the 

individual.    

1.2 Diagnostic criterion 

As per the World Health Organization (WHO) the 

classification is as follows 

A. Clinical stages:  Normoglycaemia, Impaired glucose 

tolerance/impaired fasting glucose (IGT/IFG), 

diabetes.  

B. Etiological types:  Gestational impaired glucose 

tolerance (GIGT) and GDM: fasting glucose = 7.0 

mmol/L (126 mg/dL) and/or 2-h glucose = 7.8 

mmol/L (140 mg/dL) after a 75-g OGTT.8 

ADA follows the following criterion for diagnosis 

A. HbA1c ≥6.5%: DCCT standardized assay method 

with NGSP certification 

B. Fasting* (8 hours fasting) Plasma Glucose ≥126 

mg/dL (7 mmol/L).  

C. WHO prescribed methodology of Oral Glucose 

Tolerance Test wherein a 2-hour plasma glucose 

≥200 mg/dL (11.1 mmol/L).9 

Elevated Glucose levels in the blood will lead to 

Glycation of a variety of biomolecules. Collectively these are 

known as Advanced Glycation End products. HbA1c is one 

such glycation end products which has been deployed as 

marker of long term Glycemic control and monitoring.10 

These glycated proteins were studied for their physico-

chemical properties and to understand the mechanistic 

pathways of Glycation.11This family of Glycated Proteins are 

always of interest as potential biomarkers of Glycemic 

control as well myriad other applications such as Alzheimers, 

Metabolomics, gerontology and senescence and Diabetic 

complications stemming out of poor long term glycemic 

control. 

1.3 Diabetes complications: Pathophysiology and 

implications 

A vast majority of the burden is of non-insulin dependent 

type 2 diabetes mellitus which is characterized by insulin 

resistance in peripheral tissue leading to poor uptake of blood 

glucose. Where as type 1 or insulin dependent diabetes is 

characterized by impaired insulin production by body. Before 

the actual decline of insulin secretory capabilities of islet of 

Langerhans, compensatory hypersecretion of insulin from the 

pancreatic islets may ensue. This leads to marked impact on 

all those organs which are actively involved in either uptake 

or metabolism of Glucose like skeletal muscles, liver, adipose 

tissue.12 Elevated fatty acid levels in conjunction with 

proinflammatory cytokines cause a cascade of events that 

result in insulin resistance leading to impaired glucose 

transport and increased lipid breakdown. Interestingly the 

sub-optimal production of insulin leads of production of 

increasing levels of glucagon. This leads to a further 

elevation in blood Glucose level.13 

Two types of changes cause the gross angiopathy in 

Diabetes and these are Microvascular (damage to smaller 

vessels) and macrovascular (damage to larger vessels). Both 

these changes lead to different outcomes and pathological 

events (Table 2).  

Microvascular disease tends to occur in kidneys, retina 

and vascular endothelium as the glucose uptake is not directly 

dependent on insulin activity. Elevated glucose levels or 

hyperglycaemia leads to damage of endothelium, increased 

superoxide production causing increased oxidative stress. 

The continuous hyperglycemic state in body ultimately leads 

to enhanced glycation and the production advanced glycation 

end-products. All this leads to development of disease as 

described above,14      

 

 

Figure 1: Areas leading to long term diabetic complications 
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Figure 2: Schematic on the process of Glycation of proteins 

 

Figure 3: Fructosamine and glycated albumin in blood 

 

Table 1: Diabetic burden in south east asia: Source IDF Atlas 2021. 

 Year 

 2019 2030 2045 (Estimates) 

Diabetes Prevalence data  

Prevalence in SEA 8.7% 9.6% 11.3% 

Comparative prevalence (Age adjusted) 10.0% 10.9% 11.3% 

People living with Diabetes (number) 90 m 113.3m 151.5m 

Deaths due to Diabetes (number) 747,000 - - 

Healthcare expense in adult population due to diabetes  

Total healthcare expenditure, ($) 10.1 b 12.1b 15.0b 

Adults with Impaired glucose tolerance 

Prevalence in SEA 4.5% 4.9% 5.7% 

Comparative prevalence (Age adjusted) 5.4% 5.7% 5.8% 

People living with IGT (number) 46.9m 58.5m 76.6m 

Adults with Impaired fasting glucose 

Prevalence in SEA 9.2% 9.2% 9.4% 

Comparative prevalence (Age-adjusted) 8.8% 9.2% 9.3% 

People living with impaired fasting glucose 95.2m 109.4m 125.4m 

Estimated adults with Undiagnosed diabetes (20-79 years)  

Regional prevalence 51.2% - - 

Number of people with undiagnosed diabetes 46.2m - - 

 

Table 2: Diabetic complications stemming from vascular changes 

Type of Vascular 

change 

Microvascular Macrovascular 

Pathology Retinopathy, Nephropathy, Neuropathy.53 Cardiovascular, Cerebrovascular 

(Strokes), Depression, Dementia, 

Sexual Dysfunction.54 

 

Table 3: Comparison of assay methods for HbA1c 

Assay Method Pro Con 

Ion Exchange 

Chromatography 

Differential mobility of 

HbA1c based on 

Isoelectric point 

Hb Variants analysis is 

possible. High Precision 

Hemoglobinopathies, 

HbF, Carbamylated Hb 

interferences 
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Boronate Affinity Binding of Glucose and 

m-aminophenylboronic 

acid 

No interferences Lacks Specificity towards. 

Measures other glycation 

sites on ß and α chains 

Immunoassays Specific Antibodies to 

Glucose and 4-10 N 

terminal amino acids of ß 

chain 

No interferences. Can be 

conducted on routine 

clinical chemistry 

analyzers in clinical labs 

Affected by 

Hemoglobinopathies, HbF 

interference 

 

Table 4:  A comparison of glycated proteins in diabetes monitoring 

Analyte HbA1c Glycated albumin Fructosamine 

Glycosylation Glycated valine of N-

terminal the ß-chain of 

hemoglobin 

Glycated lysine of Albumin Fructosamine of Serum 

proteins 

Location Red Blood Cell Whole Body Whole Body 

Units of 

Measurement 

%, mmol/mol %, mmol/mol μmol/l 

Duration of 

Glycemia 

measurement 

Long 2-3 months Intermediate (2-3 weeks) Intermediate (2-3 weeks) 

Strengths ADA, UKPDA, IDA 

standard for monitoring 

and diagnosis of Diabetes, 

Low with-in person 

variability 

Monitoring the effects of 

changes in therapy, 

Pregnancy, Dialysis, 

Hemoglobinopathies, Iron 

Deficiencies, Anemias, 

Low with-in person 

variability 

Monitoring the effects of 

changes in therapy, Pregnancy, 

Dialysis, Hemoglobinopathies, 

Iron Deficiencies, Anemias 

Limitations Short term monitoring, 

Hemoglobinopathies, Iron 

Deficiencies, Anemias, 

hemodialysis, pregnancy 

Nephrosis, Liver Cirrhosis, 

Thyroid Disease 

Poor standardization data, 

Lack of substantive evidence, 

Affected by serum protein 

concentration and proportion, 

Nephrosis, Liver Cirrhosis, 

Thyroid disease 

2.  Review of Literature 

A study was performed looking at the various available 

literature to review the potential, opportunities and 

challenges associated with using advanced and intermediate 

glycated end products as markers for Diabetes monitoring 

and whether there could be a case for updating the current 

diagnostic algorithm to include more suitable biomarkers. 

The review is limited to studying the impact of elevated 

plasma Glucose on Glycation and how some of these 

Glycation end products which can be candidates for Diabetes 

screening and monitoring along with established criterion of 

FPG, HbA1c, OGTT. The Glycated proteins under focus are 

Glycated Albumin, Fructosamine and HbA1c with a special 

focus on the limitations of HbA1c. The study also looks at 

the possibility of other Glycated Proteins such as Glycated 

albumin being potentially. A lot is known about HbA1c and 

we wanted to place other Glycated Protein biomarkers 

together to ascertain the how this addresses the challenges of 

Diabetes Diagnosis and Monitoring.  

2.1. The Glycation process and its end products 

Proteins that become glycated due to exposure to sugars are 

known as glycation end products.15 These glycation end 

products or advanced glycation end products provide 

valuable pathological information and act as biomarkers in a 

variety of longitudinal consequences such as aging, 

degenerative diseases, diabetes, atherosclerosis, chronic 

kidney disease, and Alzheimer's disease. In atherosclerosis 

the implications of AGE’s has been widely studied.16 The 

process of Glycation involves the lysine, arginine and N 

terminus of the proteins where these amino acids react with a 

reducing sugar such as glyoxal, methylglyoxal etc at the N 

terminus. The active carbonyl group of the sugar reacts with 

the nucleophilic free amino group of the protein leading a 

Schiff’s base formation. Amadori products or Ketoamines are 

formed by a rearrangement in the Schiff base. These Schiff’s 

base further undergoes dehydration and rearrangement, 

cyclization, oxidation, and dehydration, leading to the 

formation of a more stable moiety known as glycation end 

products or advanced glycation end products (AGEs).17 
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2.2. Glycated Hemoglobin 

Glycated Hemoglobin or HBA1c is also an AGE and already 

an established marker for Diabetes and long term glycemic 

control. The Epidemiology of Diabetes Interventions and 

Complications study concluded benefits in terms of reduction 

in risk of advanced diabetes, diabetic eye disease (49%), eye 

surgery (49%), advanced kidney disease (33%), nerve 

problems (30%), cardiovascular diseases (such as heart attack 

and stroke) (30%).18 Cohen and associates also demonstrated 

in their seminal work that HbA(1c) (A1C) is substantially 

determined by genetic factors and is not a direct and accurate 

determinant of glucose. Heritable Fractional variance in 

A1C, also called the glycation gap (GG; formerly named as 

the glycosylation gap) and the hemoglobin glycosylation 

index, correlate with diabetes complications.19  

These were significant findings in a longitudinal study of far-

reaching significance. It is important to note that Diabetes is 

not merely implicated directly with the concomitant 

complications such as Diabetic eye, kidney and nerve disease 

but the higher amount of AGE’s in diabetic population 

resulting from a higher plasma glucose level are also involved 

in the various pathological conditions in a causal manner. 

HbA1c can be measured by a variety of methods in the 

laboratory and some are Ion Exchange Chromatography, 

Boronate Affinity Columns and Immunoassays. Each method 

has its merits, Table 1 enlists a summary of the merit of each 

method. 

2.3 Comparison of various assay methods for HbA1c 

2.3.1.Fructosamine 

Fructosamine refers to all glycated serum proteins with 

ketoamine linkages resulting as a result of glycation in the 

presence of elevated plasma Glucose levels. Glycated 

lipoproteins, Glycated Globulins and Serum Albumin  form 

the group of plasma proteins which potentially get glycated 

of these Serum Albumin is the most abundant. Collectively 

these are called Fructosamine and are assayed as an Glycation 

end product. A stable ketoamine of 1-amino-1-deoxy fructose 

is Fructosamine. In a non-enzymatic manner Glucose reacts 

with the amino group of protein moieties (predominantly 

albumin, but also including globulins and lipoprotein), 

leading to formation of Fructosamine. The aldehyde group of 

the carbohydrate attaches with the N terminal amino acid of 

protein forming a Schiff base product or the aldimine 

intermediate. This is a reversible aldimine or Schiff base and 

may be converted back to glucose and protein. When this 

reversible intermediate undergoes Amadori rearrangement to 

form stable product Fructosamine is formed.20 This non-

enzymatic glycation is also referred to as the Maillard 

reaction.  

A colorimetric-based assay utilizing the reduction of the 

dye nitroblue tetrazolium (NBT) to formazan is used for 

measurement of Fructosamine in the blood.21 Using 

spectrophotometric methods the rate of formazan formation 

is measured. This rate is directly proportional to the 

fructosamine concentration. The reference range for 

fructosamine in non-diabetic individuals is generally 200 to 

285 µmol/L. Malmstrom H22  and associates demonstrated 

the usefulness of Fructosamine in distinguishing between 

diabetics and non-diabetics, by demonstrating the correlation 

between hbA1c, Glucose in a controlled study. Fructosamine 

has been associated with cardiovascular disease mortality and 

morbidity in haemodialysis patients.23 In a prospective 

longitudinal 24-year study, no correlation was found between 

a baseline Fructosamine level and cardiovascular diseas 

(CVD) event, fatal CHD (coronary heart disease), and all-

cause mortality. Cohen and associates performed a study 

comparing the fructosamine, HbA1c and average glucose 

values with an objective of finding relevance from the 

perspective of personalized medicine. A gap between the 

actual HbA1c value and the predicted value from 

Furctosamine levels defines the Glycosylation Gap. In the 

study performed on 153 people a Glycosylation Gap range of 

-3.2% to 5.5% was found. It was concluded that a mere 1% 

increase in GG was associated with a significantly high 2.9-

fold increase in the risk of nephropathy.24      

2.5 Glycated albumin 

Human Serum Albumin is a 66.5 KDa protein consisting of 

around 585 amino acids residues organized. The amino acids 

are organized in a single polypeptide chain with 3 

homologous domains (I, II, and III) assembled in a heart-

shaped molecule. This structure is stabilized by 17 disulphide 

bridges. All the three domains are further organized into 2 

subdomains namely A and B, with analogous structural 

motifs. It may not be wrong to say that since Glycated 

Albumin is the largest constituent of Fructosamine and hence 

largest of all the AGE’s present in blood.25 Albumin is the 

largest fraction of serum proteins and serves to maintain the 

osmotic potential of blood. It is also a constituent of the 

transport mechanisms being a part of lipoproteins. Many 

essential biological nutrients bind Albumin. Several 

conditions impact the homeostasis of Albumin. The balance 

between albumin production and the total amount of albumin 

removed by the renal (Re), gastrointestinal (GI), and 

catabolic (C) processes determines the plasma clearance 

Cp.26 

Synthesis = GI loss + Renal loss + catabolism  

Glycated Albumin has multiple sites of glycation 

compared to HbA1c hence the glycation rate of Albumin is 

approximately 4.5 times faster.27 It has been reported that for 

every percentage unit increase in the levels of HbA1c in the 

erythrocytes there is nearly 3 percentage unit increase in 

Glycated Albumin.28 This points to its promise of being a 

much more sensitive marker of glycation and glycemic 

control. Glycated albumin Provides valuable insights in 

conditions of oxidative stress and can act as a biomarker.29 

along with the assessment of beta-cell secretory 

dysfunction,30 as well as Glycated Albumin is also 
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remarkably shown to predict prognosis of diabetic 

complications and associated comorbidities31,32 A study 

conducted in Taiwan compared the screening methods for 

Diabetes Mellitus using Glycated Albumin and HbA1c. The 

results showed that mean GA values were 31.2% higher in 

diabetic subjects and 18.1% higher in controls, while mean 

HbA1c values were 29.2% higher in diabetic subjects and 

5.6% higher in controls. According to the study, the 75th 

percentile of the normal population would have cut-points for 

HbA1c and Glycated Albumin for prediabetes of 14.6% and 

5.8%, respectively. A 16.5% glycated albumin value is 

indicative of diabetes, as is a HbA1c level of 6.5%.33. For 

practical purposes Biochemical assays for Glycated Albumin 

are easier to standardize and automate for larger clinical 

deployment compared to Fructosamine assay. Additionally, 

these also suffer from less variability and hence add to their 

reliability.  

2.6 Challenges with HbA1c testing 

While HbA1c testing is accepted as a biomarker for long 

term glycemic control there exist certain challenges in the 

quantification of HbA1c. One part of the challenges are 

interference from various types of Hemoglobin traits such as 

HbC, HbS, HbE, HbD, Elevated HbF, Carbamoylated Hb in 

different assay methodologies. These factors are difficult to 

clinically assess and normalize in routine diabetes 

management both for the diabetic patient and the caregiver. 

The possibility of cross-reactions with chemically modified 

hemoglobin species or hemoglobin variants identified by 

genetics always exists. The glycohemoglobin levels of 

patients heterozygous for a variant hemoglobin, such as 

hemoglobin S, C, E, and rarer variations, may therefore be 

mistakenly raised or lowered.34 In people of African, 

Mediterranean and South East Asian descent there exists a 

higher incidence hemoglobin variant. The heterozygotes may 

remain undiagnosed and asymptomatic until very late.35 

(35). All conditions when HbA1c testing is inadequate and 

unreliable.36 Although this is challenge is being addressed by 

various quality circles, laboratory quality management 

practices, harmonization initiatives and assay developers the 

other bigger challenge is more physiological.36 There are 

conditions wherein HbA1c may not be the ideal biomarker 

that it is made out to be.37,38. Simplistically put since 

Hemoglobin is present in Erythrocytes so the increase or 

decrease in the life of the Erythrocyte will lead to a change in 

the value of HbA1c which may not correlate clinically.39In 

both conditions either the value would be falsely elevated or 

falsely low leading to incorrect assessment and corrective 

actions predisposing the diabetic patient to risks.40  Some 

such commonly encountered risks are enumerated below.  

1. Iron deficiency Anemias: Treatment leads to 

lowering of HbA1c.41,42 

2. Commonly encountered Vitamin B12 and Folate 

deficiency leads to decreased red cell turnover 

leading falsely elevated HbA1c values.39,43 

3. Alcoholism: Several studies have shown that 

alcoholism leads to elevated HbA1c.44 

4. Pregnancy: Reduced Erythrocyte lifespan may lead 

to falsely lower values of HbA1c. Besides this 

Gestational Diabetes commonly encountered may 

not be accurately diagnosed using HbA1c as a 

marker. 

5. Anemia from Hemolytic causes will lead to falsely 

lower HbA1c values. 

6. Hepatic disorders leading to Hyperbilirubinemia 

will lead to falsely elevated HbA1c values. 

 

2.7 Potential role for glycated albumin as a biomarker for 

diabetes management 

Glycated Albumin has a potential role in the management of 

non-insulin dependent type 2 Diabetes where HbA1c has 

limitations and together with HbA1c can help in providing a 

clearer and more accurate status of intermediate glycemic 

control. Glycated Albumin testing has certain advantages in 

the family of glycated proteins that result due to elevated 

plasma Glucose levels.45 

There may be a need for more research on the use of 

glycated albumin in the diagnosis and surveillance of 

diabetes in some populations, particularly in regions like 

India where iron deficiency anemia is common, particularly 

in females. As glycated albumin is unaffected by erythrocyte 

turnover, it likewise exhibits less fluctuation in Chronic 

Kidney Disease.46 

When detecting pre-diabetes, glycated albumin testing is 

more sensitive and specific than HbA1c and fasting blood 

glucose alone.47 The combined use of HbA1c and GA 

demonstrated a higher sensitivity (78%) compared to using 

HbA1c alone (50%), effectively identifying nearly 80% of 

African prediabetics. Additionally, a GA level of 17.1% or 

higher could detect most undiagnosed diabetics. When 

fasting glucose was measured alongside GA, the rate of false 

positives was reduced by 33.75% compared to using fasting 

glucose alone.48  

3. Discussion 

The global prevalence of diabetes is on the rise, necessitating 

a reevaluation of current diagnostic strategies and the 

exploration of innovative markers for early detection and 

intervention. While traditional markers like Fasting Plasma 

Glucose (FPG) and Hemoglobin A1c (HbA1c) have been key 

to diabetes management, the increasing number of diabetics 

worldwide poses challenges that demand a more personalized 

approach. The intricate connections between diabetes, insulin 

resistance, and cardiometabolic complications have been 

extensively researched, underscoring the need for a paradigm 

shift in diagnostic algorithms.49. This article examines the 

potential of Glycated Albumin as a versatile biomarker and 

argues for its inclusion in routine diagnostic algorithms. 

Challenges in Current Diagnostic Approaches: (a) No One 

Size Fits All: The heterogeneous nature of diabetes 
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necessitates a reevaluation of current diagnostic algorithms, 

which often rely on standardized approaches. Recognizing 

the absence of a one-size-fits-all solution, there is a pressing 

need to expand criteria by incorporating additional 

parameters and biomarkers. The complexity of diabetes 

demands a more personalized diagnostic approach to cater to 

the diverse nature of the disease. (b) Catching Them Young: 

Early intervention is crucial in mitigating complications 

associated with diabetes. Prediabetic screening becomes 

paramount in preventing a surge in cardiometabolic 

syndrome-related complications. Identifying individuals in 

the prediabetic stage provides an opportunity to implement 

preventive measures, slowing down the progression toward 

severe complications such as Diabetic Retinopathy, Diabetic 

Kidney Disease, and Diabetic Foot. The Glycated Albumin's 

Potential in Diabetes Management: (a) Complementary Role 

with Traditional Markers: Glycated Albumin emerges as a 

valuable addition to traditional markers like HbA1c and FPG. 

In cases where HbA1c alone may not provide accurate 

information, the combination of Glycated Albumin with 

HbA1c and FPG enhances sensitivity and specificity. This 

synergy ensures a more comprehensive understanding of the 

patient's glycemic status. (b) Marker of Intermediate 

Glycemic Control: Beyond its role as a diagnostic marker, 

Glycated Albumin proves to be a marker of intermediate 

glycemic control. This aspect is particularly beneficial in 

managing diabetes in patients with associated factors, 

offering healthcare professionals a more holistic perspective 

for tailored treatment plans.50 (c) Sensitive Marker of 

Prediabetes: Glycated Albumin exhibits higher sensitivity 

and specificity, along with a faster rate of glycation compared 

to HbA1c. Its standardized nature positions it as an additional 

and sensitive marker for identifying individuals in the 

prediabetic stage. Early detection enables timely 

interventions, potentially preventing the progression to full-

blown diabetes. (d) Automation and Analytical 

Reproducibility: Glycated Albumin assays, in contrast to 

alternatives like Fructosamine, are more amenable to 

automation and offer higher analytical reproducibility and 

accuracy. This not only streamlines the diagnostic process but 

also ensures consistent and reliable results, crucial in clinical 

decision-making.  

Like with all clinical tools there are certain limitations 

with the application of Glycated Albumin. GA levels may 

also be impacted by certain circumstances that disrupt 

albumin metabolism. Although low amounts of this protein 

are linked to higher glycation rates, GA is theoretically 

unaffected by serum albumin levels because its values are 

adjusted for total albumin. Conversely, reduced GA levels are 

linked to higher protein metabolism.51  Therefore, the 

administration of GA may be misleading and should be 

avoided in situations such as nephrotic syndrome with 

extensive proteinuria, liver cirrhosis, hyperthyroidism, 

hypothyroidism, or other particular disorders.52. However, 

few studies have been conducted to confirminterferingfactors 

in GA levels because this test is relatively new. The shorter 

time to glycation and faster turnover also necessitates more 

frequent testing for Glycated Albumin levels in a clinical 

setting. While this is not a bad aspect it will impact patient 

compliance and costs of management over time.  

The evolving challenges in diabetes management 

necessitate a departure from traditional diagnostic 

approaches. As we strive to address the variabilities within 

the diabetic spectrum, Glycated Albumin emerges as a 

versatile biomarker offering enhanced sensitivity, specificity, 

and applicability in diverse clinical scenarios. The inclusion 

of Glycated Albumin in routine diagnostic algorithms 

becomes imperative for a more personalized and effective 

diabetes management strategy. In embracing this innovative 

marker, healthcare professionals can usher in a new 

consensus for responding to the ever-increasing challenges of 

diabetes. By recognizing the potential of Glycated Albumin, 

we move toward a more comprehensive and tailored 

approach to diabetes diagnosis and management, with the 

ultimate goal of curbing the global burden of diabetes and its 

associated complications. 

4. Conclusion   

Glycated Albumin emerges as a promising marker for short-

term glycemic control, offering a unique perspective 

complementary to HbA1c. In a span of 2-3 weeks, it provides 

a real-time snapshot of glycemic fluctuations, filling a crucial 

gap where HbA1c's long-term perspective may be less 

responsive to recent changes. This temporal specificity 

proves invaluable in situations demanding immediate 

adjustments to treatment plans or lifestyle modifications. The 

synergy between Glycated Albumin and HbA1c extends 

beyond glycemic control, as together, they serve as predictive 

indicators of oxidative stress in diabetes. Glycated Albumin's 

faster rate of glycation makes it a dynamic marker, closely 

reflecting ongoing stress and consequently, offering insights 

into the level of oxidative stress. In conditions where HbA1c 

may be less reliable, such as in instances of altered 

erythrocyte turnover, Glycated Albumin stands out as a 

dependable alternative, enhancing our ability to monitor and 

manage glycemic control effectively. This dual role positions 

Glycated Albumin as a valuable addition to diabetes 

diagnostics, promising improved precision and 

responsiveness in the ever-evolving landscape of diabetes 

care. 
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