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Abstract 
Background: To prevent acute and chronic complications, monitoring & controlling the level of diabetic indicators become 
an integral part of diabetic care. Factors that increase or decrease the intracellular glucose level relative to external plasma 
glucose levels causes the alteration in glycation, which leads to discordance between HbA1C and fructosamine. Aim of the 
study was to compare the Cardiovascular disease(CVD) risk prediction property of GG(Glycosylation gap) & HGI 
(Haemoglobin glycation index), 2 statistical measures to assess the disparity between actual HbA1C and the predicted value 
of HbA1C in Diabetes Mellitus(DM),by correlating them with predictor of atherogenicity and CVD– Atherogenic index of 
plasma(AIP). 
Materials & Method: This Cross sectional study conducted on 142 type 2 DM patients .Blood samples collected to estimate 
FBS, HbA1c, Fructosamine , Triglyceride &HDL. GG & HGI calculated from predicted HbA1C from fructosamine

 
and Predicted 

HbA1C from mean blood glucose respectively.  
Results: AIP&HGI showed significant correlation compared to GG and AIP. Study concludes the usefulness of HGI in type 2 
DM as a regular monitor for CVD risk prediction for improved healthcare. 
Keywords: Haemoglobin glycation index ; Glycosylation gap ;Cardiovascular disease. 

Introduction 

Among all Non communicable diseases Diabetes, “the 
honey urine disease” causes 5% of all death

1
. Uncontrolled 

sugar level increases long term vascular complications of 
diabetes such as coronary artery disease, stroke, heart 
attack, kidney failure, blindness, heart failure and 
neuropathy

2
. Among that 50% of people with Type 2 

Diabetes Mellitus (DM) die of cardiovascular diseases
1
.In 

order to prevent acute and chronic complications, 
monitoring & controlling the level of diabetic indicators 
become an integral part of diabetic care. Measurement of 
Advanced Glycation End products (AGE) is an indirect 
indicator of risk for complications in DM. 

Maillard reaction is the process by which carbonyl group  
of glucose react nonenzymatically with amino group in 
proteins ,lipids & nucleic acid to form aldimines or early 
glycation products (Schiff’s base ).These early glycation 
products consequently undergo the amadori 
rearrangement & form intermediate glycation products 
like HbA1C & fructosamine

 3,4
 

HbA1C assay become the benchmark in assessing chronic 
glycemia in research & management. Maintaining it within 
normal limits has been shown to reduce long term 
complications

5
. Fructosamine, first described in 1982

6
 also 

correlate well with mean blood glucose value 
7
 .Several 

studies revealed that, these markers plays an important 
role in predicting the complications of DM. 

Mean blood glucose and fructosamine would reflect the 
extracellular glucose environment. Factors that increase or 
decrease the intracellular glucose level relative to external 
plasma glucose levels causes the alteration in glycation, 
which leads to discordance between HbA1C and 
fructosamine

8,9
. To address this discrepancy between 

mean blood glucose and HbA1C, the measurement of 
glycation gap has been proposed (GG)

8,10,11
. Another 

statistical measure to assess the disparity between actual 
HbA1C and the predicted value of HbA1C based on plasma 
glucose levels has been developed and termed 
Haemoglobin glycation index (HGI)

12-15
. Both GG and HGI 

can predict the risk of development of diabetic 
complications like CVD, retinopathy, nephropathy etc. 
14,16,17,18

. 

A comparative study on GG & HGI in type 1 DM patients 
showed that they are highly correlated in both direction 
and magnitude

19
.There are several studies which explains 

the relationship between GG,HGI,& diabetic complications. 
But there is paucity of information regarding the 
comparison of GG& HGI in predicting CVD risk, which is the 
cause for highest death rate in Type 2 DM patients. 

The atherogenic index of plasma (AIP) value, which is 
derived by the logarithmic transformation of the number 
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found by dividing plasma TG value to HDL value, can be a 
good marker for the risk of atherosclerosis and 
cardiovascular disease

20-25
 

The aim of this study is to find out the reliable and better 
predictor of CVD in Type 2 DM among GG &HGI by 
correlating AIP with GG& HGI, which will help in early 
diagnosis and management of cardiovascular risk in 
subjects with type II DM. 

Aims 

Aim of this study was to compare the Cardiovascular 
disease(CVD) risk prediction property of GG(Glycosylation 
gap) & HGI(Haemoglobin glycation index), 2 statistical 
measures to assess the disparity between actual HbA1C 
and the predicted value of HbA1C in Diabetes 
Mellitus(DM),by correlating them with predictor of 
atherogenicity and CVD– Atherogenic index of plasma(AIP). 

Materials and methods  

Study subjects: 

Type 2 diabetes mellitus patients of age >40 years 
attending the general medicine OPD of the institution who 
fulfils the inclusion criteria during the study period. 
Institutional ethical committee clearance obtained to carry 
out the study. 

Inclusion criteria: 

 Type 2 diabetes mellitus patients of minimum 1 year 
duration of age >40yrs years attending the general 
medicine OPD of the institution  

The Type 2 DM Subjects were included for the study as per 
the guidelines of WHO 2006 (FBS >126 mg/dl) and/or ADA 
2010(HbA1c >6.5%) 

Exclusion criteria: subjects having the following conditions 
were excluded from study  

1. Undergoing treatment for thyroid disorders 
2. Taking lipid lowering drugs 
3. Treatment for cancer 
4. known case of ischemic heart disease 
5. known case of chronic liver disease 
6. On diuretics 
7. On Oral contraceptive pills 
8. History of hypoglycemic episode in the past three 
months 
9. With severe hyperglycemia (FBS >300MG%) 

This cross sectional study was conducted for a period of 18 
months .Sample size was calculated to be 142 by 
convenience sampling technique .Informed written 
consent taken from all subjects. Subject’s clinical history 
and details taken according to standard proforma. Subjects 
examined for general physical health.5ml of fasting blood 
sample collected under universal precautions. Whole 

blood for HbA1C by turbidimetric inhibition assay. Serum 
separated after centrifugation and used for analysis of 
following parameters. 

Fasting blood glucose by enzymatic hexokinase method 

Fructosamine estimation by Nitro blue tetrazolium method 
in fully automated analyser 

Serum triglycerides by enzymatic GPO-PAP method.  

Serum HDL cholesterol by Direct enzymatic method 

Glycosylation gap calculated by equation  

GG = HbA1c – predicted HbA1C from fructosamine
26

  

Haemoglobin glycation index calculated by equation  

HGI = HbA1C – Predicted HbA1C from mean blood 
glucose

26  

Statistical analysis done using SPSS software, multiple 
tables, scatter plot & graphs were used to represent the 
result. 

Results 

Table I. Baseline characteristics of study subjects  

 Mean ±SD  

AGE 55.88 ±10.018 

DURATION OF DIABETES (yrs) 7.51 ±5.993 

FBS (mg/dl) 188.297 ±56.407 

HbA1C (%) 8.96  ±1.748 

FRUCTOSEAMINE(µmol/L) 387.125  ±91.184 

TG(mg/dl) 229.494 ±146.78 

HDL(mg/dl) 41.411 ±13.707 

Log TG/HDL (AIP) .700 ±.271 

GG .005 ±1.204 

HGI .123 ±1.601 

Table I shows the baseline characteristics of study 
subjects.Mean age of the study population was 55.88 
±10.018.Mean duration in diabetes was 7.51 ±5.993.Mean 
FBS,HbA1C and fructosamine were 188.297 ±56.407, 8.96  
±1.748, 387.125  ±91.184 respectively. All the glycemic 
control parameters were in the higher level as the study 
population is Type 2 DM patients of minimum 1 year 
duration. 

Mean atherogenic index of plasma was .700 ±.271 , which 
is considered high risk

26,28
.The mean GG and HGI calculated 

from predicted HbA1C by using equation from linear 
regression analysis was(figure I & II) .005 ±1.204 & .123 
±1.601 respectively. Equation predicted HBA1C for 
calculation of GG & HGI derived from this are HbA1C = .014 
x Fructosamine + 3.54 & HbA1C = 0.020 x FBS + 5.151 
respectively. 
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Figure I: linear regression analysis of Fructosamine and  
HbA1C 

 

Figure II: linear regression analysis of FBS and HbA1C 

Table II: Correlation analysis between atherogenic index of 
plasma (AIP) with GG & HGI  

 HGI GG 

logTG/HDL 
(AIP) 

Pearson Correlation .181* .097 

Sig. (2-tailed) .031 .252 

N 142 142 

*. Correlation is significant at the 0.05 level 

Table II shows correlation analysis between atherogenic 
index of plasma with GG and HGI .It shows HGI is 
correlating significantly (Pearson correlation .181 & 2 
tailed significance .031)with AIP.AIP and glycosylation gap 
showed a Pearson correlation .097 with 2 tailed 
significance of .252 ,which is less significant when 
compared with HGI.  

Discussion 

Patients with diabetes mellitus are at risk for developing 
severe debilitating complications, including cardiovascular 
diseases,retinopathy, nephropathy, neuropathy and 
stroke

27
. Randomized trials have documented that, 

lowering haemoglobin A1c (Hb A1c)concentrations 
significantly reduces the onset and rate of progression of 
microvascular complications

26
. 

The discordance in the measurement of  HbA1C which is 
measured intracellularly and plasma proteins 
(Fructosamine) measured extracellularly is limiting the use 
of them to predict the complications in diabetes mellitus. 
Exposure of Haemoglobin to glucose cause difference in 
the haemoglobin glycation relative to blood glucose might 
be due to differences in the permeability of RBCs to 
glucose

9
. 

The statistical measures like Glycosylation gap and 
Haemoglobin glycation index will have a better role in 
predicting macro and microvascular complications in 
diabetes mellitus than glycaemic control markers as they 
are derived from HbA1C value predicted from blood 
glucose and fructosamine. 

In our study Mean age of the study population was 55.88 
±10.018 .Mean duration of diabetes for the population was 
7.51 ±5.993(Table I).In a study by Van steen et al

27
 Patients 

in the high HGI subgroup were significantly younger, had a 
longer duration of diabetes(7.8 years in the high versus 6.7 
years in the intermediate and 5.4 years in the low 
subgroup).Duration of diabetes is important as it is an 
important factor in predicting the complications in 
diabetes. 

Glycaemic control markers ,HbA1C & fructosamine was 
8.96  ±1.748 & 387.125  ±91.184 respectively. Linear 
regression analysis showed a positive correlation of FBS 
and Fructosamine with HbA1c(figure I &II  R

2 
= .426,.534 

respectively). Study by Mee Kyoung et al used  Glycated 
albumin (GA) instead of fructosamine for glycosylation gap 
calculation (predicted HbA1C = .146 x GA + 4.772)

28
 . 

Atherogenic index of plasma calculated as log TG/HDL was 
.700 ±.271.It is in the  high risk category for cardiovascular 
disease

29
.Pearson correlation of AIP with Glycosylation gap 

and HGI showed that there is correlation in both the 
parameters but a significant correlation was shown by HGI 
when compared to GG(Table II) . This agree with the study 
by  Chang Ho Ahn et al 

18
which showed a higher  HGI was 

significantly  associated with macrovascular complications 
even after adjusting for traditional CVD risk factors and 
HbA1c levels. This suggests that the HGI  might have an 
additional impact on macrovascular complications beyond 
the HbA1c level. Several mechanisms might mediate this 
association between high HGI and macrovascular 
complications.  

It is also supported by a study by Cohen et al showed that 
glycosylation gap could explain the excess interindividual 
variation in HbA1C also it can predict the progression of 
nephropathy

8
.Also in the action to control cardiovascular 

risk in diabetes trial ,subjects with high HGI had higher 
incidence of CVD

16
. 

Study by Maria et al linear regression analysis model 
including several atherosclerotic risk factors also showed  
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HGI was the major predictor of IMT(intima medial 
thickness) & logistic regression analysis adjusted for 
confounders, individuals with high HGI showed a 2.7-fold 
increased risk of vascular atherosclerosis as compared with 
subjects with low HGI

30
. 

So haemoglobin glycation index, simple statistical measure 
calculated from HbA1C and mean blood glucose level, can 
be used to predict the CVD risk in type 2 Diabetes mellitus 
patients as a regular monitor during routine check up & 
help the clinician in both monitoring and management of 
the disease. 

As a continuation of this study we will be conducting 
further studies to know the better predictor among GG& 
HGI in various other complications of Diabetes Mellitus 
and their association with severity of complications. 

Conclusion 

Statistical measures like GG and HGI has a better role in 
predicting the most important complication of diabetes 
like CVD, as there is a discordance in extracellular and 
intracellular glucose value measured by Fructosamine and 
HbA1c.This study concluded that there is a significant 
correlation between HGI and atherogenicity predictor 
index AIP in type 2 Diabetes mellitus patients when 
compared to GG projecting its usefulness as CVD risk 
predictor in Type 2 DM. 

References 

1. Ram vinod mahato, Prajwal Gyawali, Pramod psd raut, P rashant 
regmi, Khelanad Psd Singh, Dipendra Raj Pandeya, Prabin 
Gyawali.Association between glycemic control and serum lipid 
profile in type2 diabetic patients:glycated haemoglobin as a dual 
biomarker.Biomedical research 2011 March;22(3):375-8 

2. Chandrashekar M Sultanpur, Deepa K & S.Vijay Kumar. 
Comprehensive review on hba1c in diagnosis of diabetes mellitus. 
International Journal of Pharmaceutical Sciences Review and 
Research 2010 July-August;3(2):Article 021        

3. Singh R, Barden A, Mori  T, Beilin L.Advanced Glycated End 
Products –A review. Diabetolgia 2001; 44(1):129-146.  

4. Setter SM, Campbell RK, Cahoon C. Biochemial Pathways of 
Microvascular Complication in Diabetes Mellitus. Ann 
Pharmacother. 2003;37:1858-66. 

5. Nathan DM, Turgeon H, Regan S. Relationship between glycated 
haemoglobin levels and mean glucose levels over time. 
Diabetologia. 2007 Nov;50(11):2239-44 

6. Carl W Ludvigsen, Gwen S prague, Kaye M Smith. Fructosamine 
clinical usefulness and determination of reference ranges. Journal 
of insurance medicine 1989;21(3). 203-8 

7. Swaminathan, Rajeswari, Emila, Revathy and Kumar. An Update on 
the Available Diabetic Monitoring Tests. International Journal of 
Scientific and Research Publications 2013 October; 3(10). 

8. Cohen, R.M.,Holmes, Y. R., Chenier T.C.,& Joiner 
,C.H.(2003).Discordance between HbA1C and fructosamine. 
Diabetes care,26,163-167 

9. Chalew SA, McCarter RJ,Thomas J,Thomson JL,HempeJM. A 
Comparison of the glycosylation gap and haemoglobin glycation 
index in patients with diabetes .J Diabetes Complications. 2005; 
19:218-22 

10. Nayak AU, Holland MR, Macdonald DR, Nevill A, Baldev M. Singh 
Evidence for Consistency of the Glycation Gap in Diabetes. 
Diabetes Care 2011; 34: 1712-1716.  

11. Cohen RM, LeCaire TJ, Lindsell CJ, Smith EP, D’Alessio DJ. 
Relationship of prospective GHb to glycated Serum Proteins in 
incident diabetic retinopathy – Implications of the glycation gap for 
mechanism of risk prediction. Diabetes Care 2008; 31(1): 151-153 

12. Soros AA, Chalew SA, McCarter RJ, Shepard R, Hempe JM. 
Hemoglobin glycation index: a robust measure of hemoglobin A1c 
bias in pediatric type 1 diabetes patients. Pediatr Diabetes 2010; 
11:455– 461 https://doi.org/10.1111/j.1399-5448.2009.00630.x 
PMID: 20088859  

13. Wilson DM, Xing D, Cheng J, Beck RW, Hirsch I, Kollman C, et al. 
Persistence of individual variations in glycated hemoglobin: analysis 
of data from the Juvenile Diabetes Research Foundation 
Continuous Glucose Monitoring Randomized Trial. Diabetes Care 
2011; 34:1315–1317 https://doi.org/10.2337/ dc10-1661 PMID: 
21505208 

14. McCarter RJ, Hempe JM, Gomez R, Chalew SA. Biological variation 
in HbA1c predicts risk of retinopathy and nephropathy in type 1 
diabetes. Diabetes Care 2004; 27:1259–1264 PMID: 15161772  

15. Hempe JM, Liu S, Myers L, McCarter RJ, Buse JB, Fonseca V. The 
hemoglobin glycation index identifies subpopulations with harms 
or benefits from intensive treatment in the ACCORD trial. Diabetes 
Care 2015; 38:1067–74 https://doi.org/10.2337/dc14-1844 PMID: 
25887355 

16. Rodrı´guez-Segade S, Rodrı´guez J, Cabezas-Agricola JM, Casanueva 
FF, Camin˜a F. Progression of nephropathy in type 2 diabetes: the 
glycation gap is a significant predictor after adjustment for 
glycohemoglobin (Hb A1c). Clin Chem 2011;57:264–71. 

17. Liu S, Hempe JM, McCarter RJ, Li S, Fonseca VA. Association 
betweenInflammationandbiological variationinhemoglobinA1c in 
U.S. nondiabetic adults. J Clin Endocrinol Metab. 2015;100(6): 
2364–2371 

18. Chang Ho Ahn,1,2 Se Hee Min,1,2 Dong-Hwa Lee Hemoglobin 
Glycation Index Is Associated With Cardiovascular Diseases in 
People With Impaired Glucose Metabolism J Clin Endocrinol Metab, 
August 2017, 102(8):2905–2913 

19. Stuart A Chalew ,Robert J McCarter ,Jacinta Thomas ,A comparison 
of the glycosylation gap and haemoglobin glycation index in 
patients with diabetes. J Diabetes Complications.19 (2005)218-222 

20. Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, 
Kannel WB. Prediction of coronary heart disease using risk factor 
categories. Circulation. 1998;97(18):1837–47.  

21. Rosenson RS. Low high-density lipoprotein cholesterol and 
cardiovascular disease: risk reduction with statin therapy. Am Heart 
J. 2006;151(3):556–63.  

22. Aatola H, Hutri-Kähönen N, Juonala M, Laitinen TT, Pahkala K, 
Mikkilä V, Telama R, Koivistoinen T, Lehtimäki T, Viikari JS, Raitakari 
OT, Kähönen M. Prospective relationship of change in ideal 
cardiovascular health status and arterial stiffness: the 
cardiovascular risk in young Finns study. J Am Heart Assoc. 
2014;3(2):e000532. 

23. Folsom AR, Yatsuya H, Nettleton JA, Lutsey PL, Cushman M. 
Rosamond WD; ARIC study Investigators.Community prevalence of 
ideal cardiovascular health, by the American Heart Association 
definition, and relationship with cardiovascular disease incidence. J 
Am Coll Cardiol. 2011;57(16):1690–6. 

24. Shen S, Lu Y, Qi H, Li F, Shen Z, Wu L, Yang C, Wang L, Shui K, Wang 
Y, Qiang D, Yun J, Weng X. Association between ideal 
cardiovascular health and the atherogenic index of plasma. 
Medicine (Baltimore). 2016; 95(24):e3866.  

25. Niroumand S, Khajedaluee M, Khadem-Rezaiyan M, Abrishami M, 
Juya M, Khodaee G, Dadgarmoghaddam M. Atherogenic index of 
plasma (AIP):a marker of cardiovascular disease. Med J Islam Repub 
Iran. 2015;29:240.  



Meera S et al. International Journal of Medical and Biomedical Studies (IJMBS) 

 

107 | P a g e  
 

26. David B. Sacks,1,2* David M. Nathan,3 and John M. Lachin4 Gaps in 
the Glycation Gap Hypothesis Clinical Chemistry 57:2 150–152 
(2011). 

27. van Steen et al ,The haemoglobin glycation index as predictor of 
diabetes-related complications in the AleCardio trial. European 
Journal of Preventive Cardiology 24(8) 

28. Mee Kyoung et al , concordance the haemoglobin glycation index 
with glycation gap using glycated albumin in patients with type 2 
diabetes.J of Diabetes and its complications 31(2017)1127-1131.  

29. Frohlich J, Dobiasova M .Fractional esterification rate of cholesterol 
and ratio of triglycerides to HDL Cholestrol are powerful predictors 
of positive findings on coronary angiography.Clin Chem 
2003;49:(11)1873-1880 

30. Marini MA, Fiorentino TV, Succurro E, Pedace E, Andreozzi F, 
Sciacqua A, et al. (2017) Association between hemoglobin glycation 
index with insulin resistance and carotid atherosclerosis in non-
diabetic individuals. PLoS ONE 12(4): e0175547 

 


