Folia Medica 62(2): 295-301
DOI: 10.3897/folmed.62.e47788

Original Article

Serum Levels of Antibodies to Advanced
Glycation End Products in Patients with Type 2
Diabetes Mellitus and Hypertension
Asparuh Nikolov1, Alexander Blazhev2, Maria Tzekova3, Konstantin Kostov3, Nikola Popovski4
¹ Institute for Scientific Research, Medical University, Pleven, Bulgaria
2 Division of Biology, Medical University, Pleven, Bulgaria
3 Department of Propedeutics of Internal Diseases, Medical University, Pleven, Bulgaria
4 Department of Obstetrics and Gynecology, Medical University - Pleven, Pleven, Bulgaria
Corresponding author: Asparuh Nikolov, Institute for Scientific Research, Medical University, 1 St Kliment Ohridski St., 5800 Pleven, Bulgaria; E-mail:
a_nicoloff@yahoo.com; Tel.: +359 887100672
Received: 06 July 2019 ♦ Accepted: 08 Aug 2019 ♦ Published: 30 June 2020

Citation: Nikolov А, Blazhev A, Tzekova M, Kostov K, Popovski N. Serum levels of antibodies to advanced glycation end products in
patients with type 2 diabetes mellitus and hypertension. Folia Med (Plovdiv) 2020;62(2):295-301. doi: 10.3897/folmed.62.e47788.

Abstract
Background and Aims: Proteins containing advanced glycation end products are highly immunogenic and anti-advanced glycation
end products antibodies (anti-AGEs antibodies) are found in the sera of diabetics.
Materials and methods: Enzyme-linked immunosorbent assay (ELISA) was used for measuring levels of anti-advanced glycation
end products antibodies in sera of 93 patients with type 2 diabetes mellitus and arterial hypertension (mean age 61.4±11.3 years, diabetes duration 9.88±3.12 years; hypertension duration 9.28±4.98). These values were compared to serum anti-AGEs antibodies in 42 age
and sex matched controls. Diabetics were divided in two groups according to presence or absence of microangiopathy, group 1 (n=67)
and group 2 (n=26), respectively.
Results: Serum levels of anti-AGEs antibodies in patients with type 2 diabetes mellitus and arterial hypertension were statistically
significantly higher than those in the control group (1.39±0.39 vs. 1.05±0.32), (p<0.05). Group 1 showed significantly higher levels of
anti-AGEs antibodies than those of healthy controls (1.53±0.14 vs. 1.05±0.32), (p<0.01). Anti-AGEs antibodies levels were higher in
patients with microvascular complications than these in patients without complications. Anti-AGEs antibodies correlate with diastolic
blood pressure (r=0.26, p=0.05) and body mass index (r=0.37, p=0.03). We found significantly higher percentage of positive patients for
anti-AGEs antibodies (mean+2SD) in group 1 than in group 2.
Conclusion: Determining the levels of serum anti-AGEs antibodies can help physicians make early diagnosis and prognosis of the severity of late diabetic complications in hypertensive patients.
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INTRODUCTION
Non-enzymatic glycation of proteins or lipids can lead to
the formation of reactive advanced glycation end products
(AGEs), which are thought to be implicated in the formation of micro- and macrovascular complications in diabe-

tes.1-4 Long living proteins such as collagen, elastin, lens
crystalline and DNA are particularly susceptible to AGE
modification.5 In our previous studies, we found elevated
serum levels of anti-collagen type IV and anti-elastin antibodies in patients with type 2 diabetes mellitus with microangiopathy.6,7 Reactive AGE can directly alter the physical
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and structural properties of the extracellular matrix (ECM)
by inducing collagen cross-linking, basement membrane
thickening and covalent trapping of plasma proteins such
as low density lipoprotein (LDL) and immunoglobulin G
(IgG).8,9 AGEs may exert their effects via their interactions
with specific receptors initially identified on macrophages,
monocytes and endothelial cells.10,11 Localization of AGEs
and their receptors at sites of microvascular injury indicates that subsequent interaction may be a mechanism for
the development of diabetic microvascular complications.
AGEs can increase protein crosslinking and this could reduce tissue elasticity and decrease protein turnover.12-14
AGEs are special products belonging to a heterogeneous
group of chemical components formed through non-enzyme glycation i.e. through connection of reduced glucose
molecule (also known as glyco-oxygenation or glycosylation) with proteins, fats and nucleid acids. The term final
product is chosen because AGEs are the final products of
chain reactions generating some osculant products such
as Schiff bases, Amadori products, Maillard products,
deoxyglucosone, and methylglyoxal glycolaldehide. Carboxymethyl lysine (CML), carboxyethyl lysine (CEL),
pentosidine, and hydroimidazolone are some of the most
important examples. CML is known as AGEs-indicator.15
AGEs and the receptors against AGEs (RAGE) can be
detected in almost every body cell. This fact suggests the
major role they play in the progress of atherosclerosis, especially in patients with diabetes mellitus. The AGEs concentrations in the serum of type 2 diabetes are significantly
higher than those in healthy individuals and this is related
to a higher cardiovascular mortality rate. Accumulation of
AGEs is related with the development and progression of
late injury of diabetes independently of HbA1c levels, so in
this way metabolic stress rises.16,17
Proteins containing AGE are highly immunogenic18 and
anti-advanced glycation end products antibodies (anti-AGEs antibodies) are found in sera of patients with diabetes
mellitus.19-21 We have investigated the presence of anti-AGEs antibodies in sera of 93 patients with type 2 diabetes and
arterial hypertension considering the potential use of anti-AGEs antibodies as a marker of AGEs deposition during
diabetes. Levels of serum anti-AGEs antibodies of patients
were compared with these in 42 age- and sex-matched controls. Diabetics were divided in two groups according to the
presence or absence of microangiopathy (group 1, n=67,
and group 2, n=26, respectively).

MATERIALS AND METHODS
Ethics Statement: All procedures were implemented in accordance with the ethical standards of the Committee on
Human Experimentation (institutional or regional) and
with the Helsinki Declaration of 1975, as revised in 2013
(available at http://www.wma.net/e/policy/17-c_e.html).
Approval of local Ethics Committee was obtained and informed consent from adult research participants was ob-
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tained too.

Subjects
The experimental group consisted of 93 patients (37 men,
56 women) with type 2 diabetes mellitus and arterial hypertension (mean age 61.4±11.3 years, diabetes duration
9.88±3.12 years; hypertension duration 9.28±4.98). These
values were compared to serum antibodies to AGE in 42
age and sex matched controls with no family history of diabetes, atherosclerosis or emphysema. The controls were
equally distributed to match the diabetic ages. All patients
signed an informed consent prior to the study.
Diabetics were divided into two groups according to
the presence or absence of microvascular complications
(group 1, n=67, and group 2, n=26, respectively) (Table 1).
Group 1 consisted of 26 (39%) men and 41 (61%) women.
Fifty-five per cent were smokers and 45% non-smokers.
Group 2 consisted of 11 (42%) men and 15 (58%) women 58% of which were smokers and 42% - non-smokers.
Forty-five per cent (20) of controls were men and 55% (22)
- women. Twenty-seven per cent were smokers and 73% non-smokers (Table 2). Microalbuminuria was defined as
a persistent urinary albumin excretion rate (AER) in the
range of 20 and 200 µg/min in sterile urine. None of the patients had a diagnosis of renal disease unrelated to diabetes
during the follow up.

Antigen preparation
AGE-elastin was obtained via incubation of human aortic α-elastin (1.33 mg/ml-1) with 100 mmol/l-1 glucose, in
0.2 M phosphate buffer, pH 7.8, containing 0.04% sodium
azide, at 37° C for 30 days as described in Baydanoff et al.20

Production of immune serum
Polyclonal immune serum against AGE of Hemocyanin
from Keyhole Limpets (AGE-KLH) was produced in guinea pig as described by Baydanoff et al.20

Measurement of anti-AGE antibodies in
human sera
A blocking enzyme-linked immunosorbent assay (ELISA)
was used for detection of antibodies to advanced glycated
end products.20 The wells of polystyrene plates were coated with AGE-elastin (5 µg /ml). After washing, the wells
were incubated with 100 µl of human sera (diluted 1:20)
for 1 h at 37°C. The plates were washed and the wells were
incubated with 100 µl guinea pig anti-AGE-KLH immune
serum (diluted 1:1000) for 1 h at 37°C. The plates were then
washed and goat anti-guinea pig IgG peroxidase immunoconjugate (SIGMA, USA) diluted 1:10 000 was used for 1
h incubation at 37°C. The reaction was stopped by the addition of 50 µl 4 M H2SO4. The reactivity of the immune
serum without added human serum was used as a control.
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Table 1. Clinical data of patients with type 2 diabetes and arterial hypertension
Clinical Data

Group 1

Group 2

Controls

62.5±12.58

60.4±8.4

58.9±7.56

26/41

11/15

20/22

Average duration of diabetes

9.30±5.36

9.16±7.59

N/А

Average duration of hypertension

9.50±7.63

8.68±7.26

N/A

HbA1c

*7.63±2.03

7.27±1.63

N/A

Systolic blood pressure (mmHg)

142.83±18.05

140.58±20.51

114.29±15.74

Diastolic blood pressure (mmHg)

82.23±11.52

81.35±11.96

72.5±10.4

Body mass index

29.62±4.99

28.42±3.96

22.61±2.27

Total cholesterol (mmol/l)

*5.26±1.40

5.18±0.93

3.99±0.65

HDL (mmol/l)

*0.88±0.30

0.93±0.30

0.96±0.20

LDL (mmol/l)

3.18±1.19

3.16±1.09

2.43±0.64

Triglycerides (mmol/l)

2.91±1.68

2.53±1.49

1.31±0.61

Insulin dose (U/kg/24h)

2.57±0.52

2.03±0.93

N/A

*78.94±52.87

8.53±4.69

N/A

Number of patients with microalbuminuria

(n=43)

-

Number of patients with retinopathy

(n=20)

-

Number of patients with neuropathy

(n=4)

-

Smokers

37/67

15/26

16/42

67

26

42

Age
Sex (male/female)

Microalbuminuria (µg/min)

Total number of patients

Group 1: patients with vascular complications (n=67); Group 2: patients without vascular complications (n= 26); Controls (n=42);
HbA1c: glycated haemoglobin; HDL: high density lipoprotein; LDL: low density lipoprotein; Values are mean ± SD

Table 2. Distribution of patients in the groups by sex and presence or absence of smoking as a factor
Groups

Sex

Smoking

Male

Female

Smokers

Non-smokers

Group 1

39%

61%

55%

45%

Group 2

42%

58%

58%

42%

Controls

45%

55%

47%

53%

Values equal to or less than the mean±2SD of healthy controls were considered positive.

Characterisation of immune antibodies
Antibodies to elastin epitopes were eliminated by two absorption steps on elastin. The anti-AGE antibodies reacted
with AGE epitopes regardless of the protein. For example
our antibodies recognize AGE-elastin, AGE-BSA, and
AGE-KLH in ELISA.20 AGE-peptides are also recognized.
Reaction with AGE-elastin could be abolished by pre-incu-
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bation with AGE-elastin, AGE-BSA, or AGE-KLH.

Other methods
Ophthalmoscopy through dilated pupils was carried out in
all diabetic patients to assess the presence of retinopathy,
with all patients studied by the same ophthalmologist. Glycated haemoglobin, serum total cholesterol and triglyceride concentrations, arterial blood pressure and AER were
examined as described elsewhere.

Statistical analysis
All values are expressed as mean±SD. Statistical analyses were done using the computer programs EXCEL and
STATGRAPHICS plus for WINDOWS. The Student t-test
and ANOVA were used to assess differences between study
groups. The correlation and regression analyses were also
used. The level of significance was determined as p less
than 0.05.
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RESULTS

Anti-AGEs antibodies
30.0%

A competitive ELISA was used for detection of anti-AGEs
antibodies. Patients’ sera with extinction values more than
mean±SD of the healthy controls at the end of the study
were considered as positive.
Levels of anti-AGEs antibodies in patients with type 2
diabetes mellitus and AH were significantly increased than
these in control group (1.39±0.39 vs. 1.05±0.32; p<0.05).
Group 1 showed significantly higher levels of anti-AGEs
antibodies than healthy controls (1.53±0.14 vs. 1.05±0.32;
p<0.01). (Table 3) (Fig. 1). Anti-AGEs antibodies levels
were higher in patients with microvascular complications
(1.53±0.14) compared to patients without such complications (1.37±0.20) (Group 2). Antibodies against AGEs correlate with diastolic blood pressure (r=0.26); (p=0.05) and
BMI (r=0.37); (p=0.03).
Table 3. Levels of anti-AGEs antibodies in patients with T2DМ
and AH

Groups

Anti-AGEs antibodies
Mean±SD

Compared to others

Group 1 Group 2

All Diabetics

All
Diabetics

1.39±0.39

NS

NS

-

Group 1

1.53±0.14

-

NS

NS

Group 2

1.37±0.20

NS

-

NS

Controls

1.05±0.32

p<0.01

p<0.05

p<0.05

E492

Anti-AGEs antibodies: antibodies against advanced glycation end
products; T2DМ: type 2 diabetes mellitus; AH: arterial hypertension; NS: non significant

1,8
1,7
1,6
1,5
1,4
1,3
1,2
1,1
1
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0

Anti-AGEs antibodies

All diabetics

Group 1

Group 2

Controls

Figure 1. Levels of anti-AGEs antibodies in patients with T2DM
and AH. Anti-AGEs antibodies: antibodies against advanced glycation end products; T2DМ: type 2 diabetes mellitus; AH: arterial
hypertension

The percentage of positive patients for anti-AGEs antibodies (levels mean±2SD) was significantly higher in the
group of subjects with microvascular complications than
those in the group without microvascular complications.
(Fig. 2):
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25.0%
20.0%
15.0%
10.0%
5.0%
0.0%
Patients with MAU Patients without MAU Patients with retinopathy Patients without retinopathy

Figure 2. Percentage of positive patients for anti-AGEs antibodies in the group with microvascular complications compared
with those in the group without microvascular complications.
Anti-AGEs antibodies: antibodies against advanced glycation
end products; MAU: microalbuminuria; Patients with mean±2SD
have positive values

• 6 patients from 43 (14%) with microalbuminuria
were positive for antibodies against AGEs compared
to 3 from 26 (10%) without microalbuminuria.
• 5 patients from 20 (25%) with retinopathy were positive compared to 4 from 26 (15%) without retinopathy.

DISCUSSION
Increased serum levels of antibodies recognizing
AGE-modified proteins in streptozotocin-diabetic rats
were reported by Shibayama et al.19 Isolation of IgG with
similar specificity from diabetic patients’ plasma was also
reported. There is an evidence for significantly higher
levels of these antibodies in patients with retinopathy or
renal failure caused by diabetes compared to healthy controls.19,20 We analyzed sera of diabetic patients with arterial hypertension and compared their results with these of
healthy subjects. Our data confirmed that anti-AGE antibodies are increased in diabetic subjects with hypertension.
Moreover we found an association between microvascular
complications and serum levels of anti-AGEs antibodies.
This is in accordance with the previous reports.19,20 On
the other hand, six patients out of 43 (14%) with microalbuminuria were positive for anti-AGEs antibodies, and 3
from 26 (10%) without complications. Five patients from
20 (25%) with retinopathy were positive, and 4 from 26
(15%). This fact supports the hypothesis that elevation of
anti-AGEs antibodies can predict development of diabetic microvascular complications. The anti-AGEs positive
patients with microvascular complications showed higher
levels of HbA1c compared to non-positive diabetics. The
accelerated nonenzymatic glycation of proteins may be the
reason for formation of new AGE epitopes on the protein
molecules. These new determinants may be more antigenic. We suppose that intensive glycation and formation of
AGE during diabetes induce increased generation of these
antibodies. Then they are involved in microvascular injury
via formation of immune complexes in situ and comple-
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ment binding. Our findings are supported from the data
that concentrations of AGE rise with age and are approximately doubled in diabetes, correlating with the severity of
diabetic microvascular disease.22
It is known that AGEs have impact on lipids’ metabolism
and acceleration of atherosclerosis which could influence
diabetes related vascular disease.23,24 Our data support
that evidence because we found a positive correlation between anti-AGEs antibodies and total cholesterol and triglycerides in the present study.
Higher levels of reactive oxygen variety cause AGEs
and atherosclerosis interaction. In result endothelial dysfunction can occur. Production of superoxide in mitochondrial electro transportation chain is identified as a
central mechanism in microvascular diseases in diabetes,
endothelial dysfunction and formation of AGEs. Super oxide activate DNA repair cycle through poly(ADP-ribose)
polymerase. This activation leads to inhibition of glyceraldehyde-3-phosphate dehydrogenase (GDPDH). This leads
to blockage of metabolic system glycolysis and results in
activation of other ways. Successful increase of glyceraldehyde-3-phosphate and glycerol-3-phospate and first stage
of formation of AGEs through methylglyoxal.25
Oxidative stress activated by AGEs leads to tissue dysfunction, formation of atherosclerosis plaque and in the
end stages myocardial infarction and insult can occur. That
is why it is so difficult to prevent diabetes vascular injury
despite good controlled blood-sugar profile UKPDS (United Kingdom Prospective Diabetes Study Group) 1998.26
In our study we used human aortic α-elastin, glycated in vitro as an antigen, expressing AGE epitopes, common to all glycated proteins. The reason is that glycation
of haemoglobin forms HbA1c that has been described as
an Amadori product but is not an AGE.27 It is an indicator of glycaemia from the preceding 6 to 12 weeks, whereas
advanced glycation reflects a process that can occur a longer period.23 Many hypotheses for the etiology of arterial
disease involve changes in the extracellular matrix and it
is possible that increased susceptibility in diabetes mellitus
is associated with glycation arising from reaction between
glucose and the amino groups on proteins.
Collagen is an extracellular matrix protein with very important mechanical functions in many body tissues. Interestingly it has attracted an attention as a substrate for most
of glycation reactions.28 This is due to the fact that collagen
has very low turnover rate and it is therefore at risk of modification even by very slow chemical reactions. Elastin also
requires consideration by these criteria. It has the lowest
turnover rate of all matrix components and its mechanical
properties are crucially important in normal arterial function. Elastin is widely implicated in pathological conditions,
either through loss of its mechanical properties or because
it acts as a substrate for calcification and lipid deposition.
Vascular extracellular matrix and especially elastic elastin
are degraded in age and atherosclerosis. Among the indexes witch take part in this progress are serum concentration
of elastin derived peptides and AGEs.
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Biochemical analysis of Winlove et al.29 showed that one
of 5 lysines available per elastin monomer was glycated after 12 days incubation at a sugar concentration 250 mmol/l.
Incubation glycation was associated with the appearance of
AGE in long-term following. Authors showed that despite
the low lysine levels and the consequent low level of glycation cross-links effects on the physical properties of elastin are sufficient to be of a physiological significance. The
findings they observed are result of short-term exposure
to sugars, and the greater effects could occur in vivo after
long-term exposure to glucose.
Non-enzymatic glycation is accelerated in hyperglycaemic conditions but also occurs in nondiabetic state. The
process of advanced glycation itself is not harmful, but the
products of glycation play a role in vascular injury.30 In addition, the rate of accumulation of these end products is
related to the severity of the observed complications. This
relates to neuropathy, nephropathy, retinopathy and lens
disorders for diabetic patients. Although there is increasing
evidence for AGEs involvement in the development and
progression of diabetic microvascular complications there
is a need for definitive and larger human studies to confirm
these observations. That is why measurement of serum levels of anti-AGEs antibodies could be important for estimation of an increased risk for development of microvascular
complications in diabetic patients.
There is increasing evidence for presence of anti-AGEs
antibodies in sera of patients with diabetic microvascular
complications. The role of these antibodies in the etiology
and pathophysiology of diabetic micro- and macrovascular
injury is however yet to be established. In the current study
we examined patients with type 2 diabetes mellitus and
hypertension. We found that levels of serum anti-AGEs
antibodies were significantly higher in diabetics with microvascular complications than healthy controls. Moreover
anti-AGEs antibodies levels were higher in patients with
microvascular complications compared to patients without
such complications. Further examination and prospective
studies are needed to clarify whether determination of serum levels of anti-AGEs antibodies might give the possibility for diagnosis and prognosis of the severity of diabetic
late complications in hypertonic patients.

REFERENCES
1.
2.
3.

4.

5.

Brownlee M. Glycation products and pathogenesis of diabetic complications. Diabetes Care 1992; 15: 1835–43.
Bucala R, Cerami A, Vlassara H. Advanced glycosylation end products in diabetic complications. Diabetes Rev 1995; 3: 258–68.
Chappey O, Dosquet C, Wautier MP, et al. Advanced glycation end
products, oxidant stress and vascular lesions. Eur J Clin Invest 1997;
27: 97–108.
Varun S, Bali А, Nirmal S, et al. Advanced glycation end products
and diabetic complications. Korean J Physiol Pharmacol 2014;
18(1):1–14.
Festa A, Schmolzer B, Schernthaner G, et al. Differential expression

299

A. Nikolov et al
of receptors for advanced glycation end products on monocytes in
patients with IDDM. Diabetologia 1998; 41: 674–80.
6. Nikolov A, Nicoloff G, Tsinlikov I, et al. Anti-collagen type IV antibodies and the development of microvascular complications in
diabetic patients with arterial hypertension. Journal of IMAB 2014;
18(3): 315–22.
7. Nikolov A, Nicoloff G, Tsinlikov I, et al. Relationship between antielastin IgA and the development of microvascular complications study in diabetic patients with arterial hypertension. Diabetologia
Croatica 2013; 41(3): 103–11.
8. Brownlee M, Cerami A, Vlassara H. Advanced glycation end products in tissue and the biochemical basis of diabetic complications.
N Engl J Med 1988; 318: 1315–21.
9. Rabbani N, Godfrey L, Xue M, et al. Glycation of LDL by methylglyoxal increases arterial atherogenicity: a possible contributor to
increased risk of cardiovascular disease in diabetes. Diabetes 2011;
60(7): 1973–80.
10. Esposito C, Gerlach H, Brett J, et al. Endothelial receptor-mediated
binding of glucose-modified albumin is associated with increased
monolayer permeability and modulation of cell surface coagulant
properties. J Exp Med 1988; 170: 1387–407.
11. Schmidt A, Hori O, Brett J, et al. Cellular receptors for advanced

17. Vlassara H, Uribarri J. Advanced glycation end products (AGE) and
diabetes: cause, effect, or both? Current Diabetes Reports 2014; 14:
453–5.
18. Reddy S, Bichler J, Wells-Knecht KJ, et al. N epsilon-(carboxymethyl)
lysine is a dominant advanced glycation end product (AGE) antigen
in tissue proteins. Biochemistry 1995; 34: 10872–8.
19. Shibayama R, Araki N, Nagai R, et al. Autoantibody against
N(epsilon)-(carboxymethyl)lysine an advanced glycation end product of the Maillard reaction. Diabetes 1999; 48: 1842–9.
20. Baydanoff S, Konova E, Ivanova N. Determination of anti-AGE antibodies in human serum. Glucoconjugate J 1996; 13: 335–9.
21. Nagai R, Shirakawa J, Ohno R, et al. Antibody-based detection of
advanced glycation end-products: promises vs. limitations. Glycoconjugate Journal 2016; 33(4): 545–52.
22. Furth A. Glycated proteins in diabetes. Br J Biomed Sci 1997; 54:
192–200.
23. Singh R, Barden A, Mori T, et al. Advanced glycation end-products:
a review. Diabetologia 2001; 44: 129–46.
24. Mera K, Nagai M, Brock JW, et al. Glutaraldehyde is an effective
cross-linker for production of antibodies against advanced glycation end products. J Immunol Methods 2008; 334(1-2): 82–90.
25. Negrean M, Stirban A, Stratmann B. Effects of low and high ad-

glycation end products. Implications for induction of oxidant stress
and cellular dysfunction in the pathogenesis of vascular lesions. Arterioscl Thromb 1994; 14: 1521–8.
Airaksinen K, Salmela P, Linnaluto M, et al. Diminished arterial
elasticity in diabetics: association with fluorescent advanced glycosylation end products in collagen. Cardiovasc Res 1994; 27: 942–5.
Winlove C, Parker K, Avery N, et al. Interactions of elastin and aorta with sugars in vitro and their effects on biochemical and physical
properties. Diabetologia 1996; 39: 1131–9.
Otta C, Jacobs K, Haucke E, et al. Role of advanced glycation end
products in cellular signaling. Redox Biology 2014; 2: 411–29.
Brownlee M. The pathobiology of diabetic complications: a unifying mechanism. Diabetes 2005; 54: 1615–25.
Brownlee M. Diabetic complications: pathobiology of hyperglycemic damage and potential impact on treatment. Intertratiol expert
workshop 2009; 1–8.

vanced glycation end product meals on macrovascular and microvascular endothelial function and type 2 diabetes mellitus. Am J
Nutr 2007; 85: 1236–43.
UKPDS (United Kingdom Prospective Diabetes Study Group), Intensive blood glucose control with sulphonylureas or insulin and
risk of complications in patients with type 2 diabetes mellitus. Lancet 1998; 352: 837–53.
Kennedy L. Glycation of immunoglobulins and serum proteins. International Textbook of Diabetes Mellitus. 2nd ed. Chichester: John
Wiley; 1992. pp. 985–1007.
Baynes JM, Monnier VM. The Maillard reaction in aging, diabetes
and nutrition. Alan R Liss Inc 1989: 413–23.
Winlove C, Parker K, Avery N, et al. Interactions of elastin and aorta with sugars in vitro and their effects on biochemical and physical
properties. Diabetologia 1996; 39: 1131–9.
Kennedy L, Baynes JM. Non-enzymatic glycation and chronic complications of diabetes: an overview. Diabetologia 1984; 26: 93–8.

12.

13.

14.
15.
16.

300

26.

27.

28.
29.

30.

Folia Medica I 2020 I Vol. 62 I No. 2

Anti-AGEs Antibodies in Patients with Diabetes Mellitus and Hypertension

Сывороточные уровни антител к конечным
продуктам глубокого гликирования у пациентов
с сахарным диабетом 2 типа и гипертонией
Аспарух Николов1, Александр Блажев2, Мария Цекова3, Константин Костов3,
Никола Поповски4
¹ Институт научных исследований, Медицинский университет – Плевен, Плевен, Болгария
2 Секция биологии, Медицинский университет – Плевен, Плевен, Болгария
3 Кафедра пропедевтики внутренних болезней, Медицинский университет – Плевен, Плевен, Болгария
4 Кафедра акушерства и гинекологии, Медицинский университет – Плевен, Плевен, Болгария
Автор для корреспонденции: Аспарух Николов, Институт научных исследований, Медицинский университет – Плевен, ул. „Климент
Охридски“ № 1, 5800 Плевен, Болгария; E-mail: a_nicoloff@yahoo.com; Тел.: +359 887100672

Дата получения: 06 июля 2019 ♦ Дата приемки: 08 августа 2019 ♦ Дата публикации: 30 июня 2020
Образец цитирования: Nikolov А, Blazhev A, Tzekova M, Kostov K, Popovski N. Serum levels of antibodies to advanced glycation end products in patients with type 2 diabetes mellitus and hypertension. Folia Med (Plovdiv) 2020;62(2):295-301. doi: 10.3897/
folmed.62.e47788.

Резюме
Введение и цели: Белки, содержащие конечные продукты глубокого гликирования (AGE), являются высокоиммуногенными, а анти-AGE-антитела обнаруживаются в сыворотке диабетиков.
Материалы и методы: Иммуноферментный анализ (ELISA) использовали для измерения сывороточных уровней анти-AGE-антител у 93 пациентов с сахарным диабетом 2 типа и гипертонией (средний возраст 61.4 ± 11.3 года, продолжительность диабета 9.88 ± 3.12 года, продолжительность гипертонии 9.28 ± 4.98). Эти значения сравнивали с сывороточными анти-AGE-антителами у 42 контролей того же пола и того же возраста. Диабетики были разделены на две группы в зависимости
от наличия или отсутствия микроангиопатии, группа 1 (n = 67) и группа 2 (n = 26), соответственно.
Результаты: Сывороточные уровни анти-AGE-антител у пациентов с сахарным диабетом 2 типа и артериальной гипертензией были статистически значимо выше, чем в контрольной группе (1.39 ± 0.39 против 1.05 ± 0.32) (р <0.05). Группа 1 имела
статистически значимо более высокие уровни анти-AGE-антител, чем у здоровых контролей (1.53 ± 0.14 против 1.05 ± 0.32)
(р <0.01). Уровни анти-AGE антител были выше у пациентов с микрососудистыми осложнениями, чем у пациентов без осложнений. Анти-AGE-антитела коррелировали с диастолическим артериальным давлением (r = 0.26, р = 0.05) и индексом массы
тела (r = 0.37, р = 0.03). Мы обнаружили значительно более высокий процент пациентов положительных на анти-AGE-антитела (среднее значение + 2SD) в группе 1, чем в группе 2.
Выводы: Определение сывороточных уровней анти-AGE-антител может помочь врачам поставить ранний диагноз и прогноз поздних осложнений диабета у пациентов с гипертонической болезнью.
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антитела к продвинутым конечным продуктам гликирования, артериальная гипертония, диабетические микрососудистые
осложнения
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