
Plasma sialic acid levels in the offspring of one parent 

with Type 2 diabetes mellitus 

Author(s): Rajes Qvist, Ikram Shah Ismail, Sekaran Muniandy, Hew Fen Lee, 

Karuthan Chinna and An-nuar Zaini 

Vol. 16, No. 3 (2005-10 - 2005-12) 

Biomedical Research 2005; 16 (3): 213-217 

Rajes Qvist
1
, Ikram Shah Ismail

1
, Sekaran Muniandy

2
, Hew Fen Lee

1
, Karuthan 

Chinna
3
 and An-nuar Zaini

1
 

1
Departments of Medicine, Faculty of Medicine, University of Malaya Kuala Lumpur, 

Malaysia 
2
Department of Molecular Medicine, Faculty of Medicine, University of Malaya, Kuala 

Lumpur, Malaysia 
3
Faculty of Information Technology and Quantitative Sciences, MARA University of 

Technology, Shah Alam, Selangor, Malaysia 

Key words: Sialic acid, type 2 diabetes, impaired glucose tolerance, Lipids, Vascular 

endothelium, acute phase proteins 

Accepted October 7 2004 

Abstact 

Sialic acid, oral glucose and plasma lipids were determined in 70 control subjects age 

range 20-60 and 150 individuals of age range 20-60 who were offspring of one type 2 

diabetic parent. The number of first degree relatives who had impaired glucose tolerance 

were 50. The total sialic acid concentration was significantly higher (p<0.05) in the first 

degree relatives when compared to the control subjects. However the total sialic acid 

concentration was significantly higher in the offspring with normal glucose tolerance 

than those with impaired glucose tolerance. There was no significant difference in the 

lipids between the control subjects and the offspring with normal glucose tolerance. But 

the total cholesterol and triglycerides were significantly higher in the offspring with 

impaired glucose tolerance when compared to the control subjects and the offspring with 

normal glucose tolerance. Our study shows that the desialylation of the vascular 

endothelium is an early event that precedes the expression of impaired glucose tolerance 

or any lipid changes in asymptomatic offspring of one type 2 diabetic parent. 

Introduction 

Identification of diabetic patients at risk for accelerated development of vascular disease 

is a major challenge. In the majority of the populations, both genetic and envi-ronmental 



influences interact to determine individual risk of type 2 diabetes mellitus [1]. Subjects 

with type 2 diabe-tes mellitus are at increased risk for the development of both 

macrovascular and microvascular complications [2]. At the time of diagnosis, the 

existence of atherosclerotic manifestations is already widespread in the patients with type 

2 diabetes mellitus but the prevalence of coronary artery disease (CAD ) has no 

correlation with the duration of diabetes [2,3] 

It is widely accepted that frank clinical type 2 diabetes is preceded by a long prediabetic 

stage [4]. Impaired glucose tolerance (IGT) is a widely accepted entity of the pre-diabetic 

stage and is associated with hypertension, obesity, insulin resistance and 

dyslipoproteinemia commonly known as metabolic syndrome X [5]. It is even possible 

that type 2 diabetes and CAD may share common antecedents [6,7] and the so called 

insulin resistance syndrome could be such a common factor. More complex abnormalities 

include changes in the composition of lipoproteins leading to increased production of 

atherogenic “remnant particles” [8], increased non enzymatic glycosylation and 

desialylation [9]. Studies have shown that non diabetic individuals with a positive family 

history of diabetes have elevated cardiovascular risk factors relative to nondiabetic 

individuals without such family history [10]. Therefore it is possible that the prediabetic 

phase could be a period of enhanced cardiovascular risk. Impaired glucose tolerance is 

commonly believed to represent the transitional stage between normal and diabetic 

glucose tolerance. Although it has been proven to be a risk factor for cardiovascular 

disease, it is not a reliable marker [11]. Therefore it is of paramount importance to 

determine some definitive early markers to identify the people at high risk. 

The steps by which type 2 diabetes causes atherosclerotic vascular disease is not clear. 

Emphasis is shifting from elucidation of risk factors such as insulin resistance to an 

understanding of the process occurring at the vasculature [12,13]. Increase in the 

concentration of serum sialic acid has been shown to be a possible cardiovascular risk 

factor in patients with non insulin dependent diabetes [14]. The earliest event associated 

with atherosclerosis is the accumulation of low density lipoprotein (LDL) cholesterol and 

fibrinogen/fibrin in the affected arterial wall [15]. It is therefore important to understand 

the mechanisms, which govern the endothelial binding, uptake and transport of these 

macromolecules across the vessel wall as a prerequisite to the prevention of 

atherogenesis. The role of the luminal endothelial plasma membrane may be particularly 

relevant because it is the first interface between the vessel wall and circulating blood 

components. The luminal sur-face of the endothelium is rich in sialoglycated proteins and 

thus provides an anionic barrier for the receptor mediated uptake of LDL. It has been 

shown that the removal of the sialic acid as well as the glycosaminoglycans, increases the 

internalization of LDL by 20 fold [16]. Therefore, desialylation of the endothelium could 

be an early event in the atherosclerotic process in cardiovascular disease and in type 2 

diabetes mellitus. The accumulated LDL particles in the arterial walls are oxidized which 

in turn stimulates the production of adhesion molecules [17]. The adhesion molecules 

play a role in the early stages of vascular disease by facilitating the attachment and the 

transmigration of the leucocytes through the endothelium [18] which leads to the 

accumulation of foam cells and the stimulation of growth factors and proinflammatory 

cytokines that causes an inflammatory process [19]. The inflammatory process brings 



about an acute phase response with the increase in the acute phase proteins which are 

sialylated. Concentrations of acute phase response markers and mediators of 

inflammation such as alpha tumor necrosis factor (TNFα) and interleukin–6 are raised in 

people with type 2 diabetes [20]. If this be the case, then the raised concentration of 

proinflammatory cytokines and the resultant acute phase response may underlie much of 

the metabolic clustering including glucose tolerance [19]. Therefore an increase in the 

acute phase pro-teins may partly explain the elevation of sialic acid in type 2 diabetes 

mellitus. 

In this study we have shown that the concentration of sialic acid precedes the 

manifestation of IGT and lipid abnormalities in people in the high risk group for type 2 

diabetes. 

Methodology 

Subjects 

Healthy control subjects were chosen from Klang valley, Kuala Lumpur, through the 

distribution of questionnaires. Any subject with the family history of diabetes, hyperten-

sion, coronary artery disease and a body mass index of more than 30kg/m2 was excluded 

from the study. The offspring of at least one parent with type 2 diabetes, with and without 

cardiovascular risk factors were randomly recruited through the diabetic clinic, 

University of Malaya Medical Centre, Kuala Lumpur, and through the distribu-tion of 

questionnaires. The number of normal subjects who participated in this study consisted of 

seventy four subjects and the number of first degree relatives consisted of one hundred 

and fifty subjects, out of which thirty five subjects were classified as having impaired 

glucose tolerance (IGT ) and one hundred and fifteen subjects as having normal glucose 

tolerance (NGT). The subjects were classified as having impaired glucose tolerance if the 

fast-ing glucose level was equal to or greater than 6mmol/l and if the two hour plasma 

post glucose load value was between 7.8 and 11 mmol/l, or as having normal glucose 

tolerance if the fasting level was less than 6 mmol /l and the two hour plasma glucose 

load value were less than 7.8 mmol/l according to the World Health Organisation [21]. 

None of the subjects received hypolipidemic drug therapy, or had any renal, hepatic or 

thyroid disease affecting glucose and lipid metabolism. Informed consent was obtained 

from all subjects, and the study was approved by the institutional ethics committee. 

Methods 

Fasting blood was collected in bottles containing disodium ethylene diamine tetraacetate 

Dehydrate (EDTA) and the plasma was separated immediately by centrifuga-tion at 3000 

rpm for 15 minutes at 40 C. Total cholesterol, triglycerides and high density lipoprotein 

was determined using the individual biochemical kits supplied with dimension R clinical 

chemistry system (Dode Behring France) and low density lipoprotein was determined by 

Friedewald equation [22]. Sialic acid was determined by the modification of the periodate 

resorcinol method as described by Jourdian et al [23]. 



Statistical Analysis 

Data were expressed as mean ± standard deviation. Continuous variables were analysed 

using one way ANOVA. Two tailed p value of less than 0.05 was considered sig-nificant. 

Results 

The total sialic acid concentration of the controls, offspring of one parent with type 2 

diabetes with normal glucose tolerance and offspring of one parent with type 2 diabetes 

with impaired glucose tolerance are shown in Table 1. The two groups were of 

comparable age group and did not differ significantly in their body mass index. The total 

sialic acid concentration was significantly higher in the offspring of one parent with type 

2 diabetes as compared to the control subjects (p < 0.05 ). However the total sialic acid 

concentration was significantly higher ( p<0.05 ) in the offspring with normal glucose 

tolerance as compared to the offspring with impaired glucose tolerance. 

The values of total cholesterol, triglycerides, high density lipoprotein and low density 

lipoprotein of the normals, offspring with NGT and offspring with IGT are shown in 

Table 2. The total cholesterol and triglycerides were significantly higher ( p <0.05 ) in the 

offspring with IGT as compared to the controls and the offspring with NGT. 

Table 1: Sialic acid concentrations 

Subjects  n Total sialic acid  p Concentration 

Controls  74 1.97±0.25 m.mole/l  50.0<٭ 

Offspring IGT  35 2.43±0.35 m.mole/l 50.0<٭٭ 

Offspring NGT  115 3.34±0.6 m.mole/l   

Offspring, first degree relative of one parent with type 2 diabetes; IGT, impaired glucose 

tolerance ; NGT, normal glucose tolerance.  p<0.05 offspring versus controls;  p < 0.05 

NGT vs IGT 

Table 2: Plasma lipid levels 

Subjects  n 
Total Chol 

m.mole/l 

LDL 

m.mole/l 

HDL  

m.mole/l 

Trig 

m.mole/l  
p 

Controls  74 5.20±0.90 3.22±0.91 1.36±0.35 1.04±0.5   

Offspring IGT 35  0.1±20.6٭99.1±2.1 0.35±1.27 0.98±3.85 ٭ p<0.05 

Offspring Non IGT 115 5.46±0.97 3.56 ±0.91 1.40±0.32 1.20±0.6   



Mean ±SD; Offspring, first degree relative of one parent with type 2 diabetes; IGT, 

impaired glucose tolerance; NGT, normal glucose tolerance. 

The total cholesterol and triglycerides were significantly higher in the offspring with 

impaired glucose tolerance (p<0.05) as compared to the offspring with normal glucose 

tolerance, and the controls. 

Discussion 

In this study , the plasma lipid status and plasma sialic acid concentrations were 

evaluated in individuals who are genetically at high risk for developing diabetes but who 

presently do not demonstrate clinical diabetes. The steps by which type 2 diabetes causes 

atherosclerotic vascular disease are not clear. 

Emphasis is shifting from elucidation of specific metabolic risk factors such as Insulin 

resistance to an understanding of the processes occuring at the level of the vas-culature 

and in particular the endothelial cell. Atherosclerotic cardiovascular disease is an 

inflammatory process [18], associated with accumulation of cholesterol carrying LDL 

and fibrinogen/fibrin in the affected arterial wall [24]. Therefore it is important to 

understand the mechanisms which govern endothelial binding, uptake and transport of 

these macromolecules across the vessel wall as a prerequisite to the prevention of 

atherogenesis. The role of the luminal endothelial plasma membrane may be particularly 

relevant because it is the first interface between the vessel wall and circulating blood 

components. It has been shown that the removal of the surface sialic acid from the 

luminal surface as well as the glycosami-noglycans increases LDL internalization. Thus 

the LDL uptake is inversely correlated with the sialic acid content of the luminal surface 

[15]. The internalized LDL is oxidized and is taken up by the macrophages with the 

formation of foam cells, which is the first sign of demonstrable atherosclerosis causing a 

localized inflammatory process [18]. Therefore we hypothesize that desialylation at the 

endothelium could be an early event in the atherosclerotic process and could cause an 

increase in the sialic acid along with the acute phase proteins which results during the 

inflammatory process. 

The most important observation in the present study is that the total sialic acid was 

significantly higher ( p<0.05 ) in the offspring of one parent with type 2 diabetes (Table 

1). This is in accordance with other studies which have shown an increase in sialic acid in 

relation to cardiovascular disease and type2 diabetes [25]. 

The interesting finding in our study is that amongst the offspring the total sialic acid 

concentration was significantly higher (p<0.05) in the offspring with NGT than in the 

offspring with IGT Table 1. One of the plausible explanation is that the offspring with 

IGT has a higher concentration of desialylated LDL. It is well documented that the LDL 

in diabetic patients are desialylated to a greater extent than in the normals and are 

responsible for the accumulation of LDL in the endothelium and the premature 

development of atherosclerosis in diabetic patients [9]. It has also been shown that the 

desialylated LDL is catabolised much more rapidly than the sialylated LDL [26]. 



Our study showed a significant increase in the total cholesterol and triglycerides in the 

offspring with IGT, when compared with the offspring with NGT and control subjects 

Table 2. Despite the heterogeneity of atherosclerotic risk factors within type 2 diabetes, 

the offspring with NGT revealed virtually identical lipid profiles with the controls who 

had no family history of diabetes (Table 2). 

Other epidemiological studies have shown that the most common dyslipidemia in 

NIDDM and IGT is hyper-triglyceridemia [27]. However the results concerning serum 

total and LDL cholesterol levels in patients with NIDDM have been conflicting. 

The lack of increase in the LDL, in the offspring with IGT could be due to the fact that 

compositional changes in LDL may be the first event in the process of atheroscle-rosis 

[28] Since the uptake of LDL and the oxidation of LDL is the first step in the 

inflammatory process of the endothelium , leading to atherosclerosis, we postulate that 

the desialylation of the endothelium may be an early event in the atherosclerotic process. 

Our preliminary results, which need to be confirmed with a larger number of patients 

show that the concentration of total sialic acid precedes any other metabolic disturbances 

in the subjects who are at high risk group for type 2 diabetes and subjects with 

asymptomatic hyperglycemia. 

In conclusion our results suggest that there is an increase in total sialic acid concentration 

in the subjects who are genetically at high risk, for type 2 diabetes before any changes in 

the glucose tolerance and lipids. Further studies are in progress involving larger number 

of well characterized subjects, and utilizing various inflammatory markers, to confirm 

these findings. 

Acknowledgement 

Dr. Qvist was supported by IRPA grant number 06-02-03-0577 from the Ministry of 

Science and Technology, Ma-laysia 

References 

1. Crooke AM, Fitzgerald MG, Malins M, et al . Diabetes in children of diabetic 

couples. Br Med J 1966; 2: 674-676. 

2. Diabetes drafting group. Prevalence of small vessel and large vessel disease in 

diabetic patients from 14 centres: the World Health Organisation multinational 

study of vascular disease in diabetes. Diabetologia. 1985;28:615-640. 

3. Fuller JH, Shipley MJ, Rose G, et al . Coronary artery disease risk and impaired 

glucose tolerance: the White-hall study. Lancet 1980; 1: 1373-76. 

4. Lillioja S, Mott DM, Howard BV, et al. Impaired glucose tolerance as a disorder 

of insulin action: longtitudinal and cross sectional studies Pima Indians N Eng J 

Med 1988; 318: 1217-25. 



5. Laakso M and Lehto S. Epidemiology of risk factors for cardiovascular disease in 

diabetes and impaired glucose tolerance. Atherosclerosis 1998; 137 (suppl ) S65-

73. 

6. Jarrett RJ and Shipley MJ. Type 2 ( non insulin dependent) diabetes mellitus and 

cardiovascular disease: putative association via common antecedents- Furthur 

evidence from Whitehall study. Diabetologia 1988; 31: 737-740. 

7. Stern MP. Diabetes and cardiovascular disease: the “common soil” 

hypothesis.Diabetes 1995; 44: 369-7. 

8. Howard BV. Lipoprotein metabolism in diabetes melli-tus. Lipid Res 1987; 28: 

613-8. 

9. Sobenin IA, Tretov VV, Koschinsk TCE, et al. Modi-fied low density lipoprotein 

from diabetic patients causes cholesterol accumulation in human intimal aortic 

cells Atherosclerosis 1993; 100: 41-54. 

10. Haffner SM, Stern MP, Hazuda HP, et al. Parental history of diabetes is 

associated with increased cardiovascular factors Arteriosclerosis 1989; 9: 928-33. 

11. Stern MP, Rosenthal M, Haffner SM. A new concept of impaired glucose 

tolerance: Relation to cardiovascular disease. Arteriosclerosis 1985; 5: 311-14. 

12. Smith EB and Staples EM. Distribution of plasma pro-teins across the human 

aortic wall. Barrier function of the endothelium and internal elastic lamina. 

Atherosclerosis. 1980; 37:579-582. 

13. Yudkin JS. Is insulin vasculotoxic ? Diabetologia 1997: 40: S140-6. 

14. Crook MA, Tutt P, Pickup JC. Elevated serum sialic acid concentration in 

NIDDM and its relationship to blood pressure and retinopathy. Diabetes Care 

1993; 15 (1): 57-60 

15. Gorog P and Pearson JD. Surface determinants of low density lipoprotein uptake 

by endothelial cells . Atherosclerosis 1984; 53: 21-29. 

16. Campbell JH and Campbell GR. Cell biology of atherosclerosis. Hypertension 

1994; 12: S129-32. 

17. Cominacini L, Garbin U, Fratta Pasisni A, et al. Increased levels of plasma 

ELAM-1, ICAM-1and VCAM-1 in NIDDM: a possible role of oxidized LDL. 

Diabetologia 1996; 39: 1244 

18. Ross R. Atherosclerosis: an inflammatory disease. N Engl J Med 1999; 340: 115-

26. 

19. Pickup JC and Crook MA. Is type2 diabetes mellitus a disease of the innate 

immune system ? Diabetologia 1998; 41:1241-48. 

20. Pickup JC, Mattock MB, Chusney GD, et al NIDDM as a disease of the innate 

immune system: association of acute phase reactants and interleukin-6 with 

metabolic syndrome X. Diabetologia 1997; 40: 1286-92. 

21. National Diabetes Data Group. Classification and diagnosis of diabetes mellitus 

and other categories of glucose tolerance. Diabetes 1979; 28; 1039-57. 

22. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low 

density lipoprotein cholesterol in plasma without the use of preparatory centri-

fuge. Clin Chem 1972; 18: 499-503. 

23. Jourdian GW, Lawrence D, Roseman S. A periodate resorcinol method for the 

quantitative estimation of free sialic acids and their glycosides. J Biol Chem 1971; 

246 430-435. 



24. Playford D and Watts GF. Endothelial dysfunction, insulin resistance and 

diabetes: exploring the web of causality Aust NZ J Med.1999; 29: 523-532. 

25. Sarlund H, Pyorala K, Penttila I, et al . Early abnormalities in coronary heart 

disease risk factors in relative of subjects with non insulin dependent diabetes . 

Arterioscle Thromb 1992; 12: 657-663. 

26. Malmendier CL, Delcroix C, Fontaine M. Effect of sialic acid removal on human 

low density lipoprotein catabolism in vivo. Atherosclerosis 1980; 37: 277-284. 

27. Pyorala K, Laakso M, Uusitupa MD. Diabetes and atherosclerosis an 

epidemiologic view. Diabetes Metab Rev 1987; 3: 463-524. 

28. Stewart MW, Laker MF, Dyer RG, et al. Lipoprotein compositional abnormalities 

and insulin resistance in type II diabetic patients with mild hyperlipidemia. 

Arterioscler Thromb 1993; 13: 1046-52. 

Correspondence: 

Dr. Sekaran Muniandy 
Department of Molecular Medicine, Faculty of Medicine, University of Malaya 

Kuala Lumpur, Malaysia 

Phone: +603 79674953 

e-mail: sekaran ( at ) um.edu.my 

 


