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ABSTRACT

Introduction: Advanced glycation end products (AGEs) and diabetes duration have roles in the
development of the vascular complications associated with morbidity and mortality in diabetic
patients. The present study was conducted to estimate and find the association between serum
fluorescence levels of advanced glycation products with diabetes duration and glycemic control
in type 2 diabetic patients. Methods: 46 patients who had diabetic duration of less than ten years
and 49 patients with duration more than ten years were included in the study. Serum fluorescence
of AGEs was measured using a simple spectrofluorometric method. Correlations of AGEs with di-
abetes duration, fasting glucose, and glycated hemoglobin levels were analyzed. The incidence
of microvascular complications in patients of both groups was examined. Results: Significantly
higher serum fluorescent AGE levels (p < 0.001) and higher incidence of microvascular compli-
cations (p = 0.000) were found in diabetic patients who had diabetes duration of more than ten
years, poorer glycemic control and higher age. Serum levels of fluorescent AGEs showed signif-
icant positive correlations with duration of diabetes mellitus, glycated haemoglobin and fasting
glucose levels. Conclusion: Screening patients for AGEs, intensive glycemic control, and thera-
peutic strategies that target molecular mechanisms involving advanced glycation end products
are warranted in older patients with longer diabetes duration to minimize their risk of developing
complications.
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INTRODUCTION

Diabetes mellitus, a group of metabolic diseases char-
acterized by hyperglycemia, is a major national and
global public health problem. Current global esti-
mates indicate that the disease has affected 463 mil-
lion people and is set to escalate to 578 million
by the year 2030!. India has an estimated num-
ber of 77 million adults with diabetes, making India
the second most affected country in the world after
China 2,

the disease are mainly due to the resulting microvas-

Morbidity and mortality associated with

cular and macrovascular complications®. Long-term
damage, dysfunction, and failure of various organs
are associated with chronic hyperglycemia of dia-
betes. Chronic microvascular complications of dia-
betes include retinopathy, nephropathy and neuropa-
thy*=°. Diabetic retinopathy is a common microvas-
cular complication of diabetes, estimated to be re-
sponsible for 10,000 new cases of blindness every year
in the United States alone’. Chronic macrovascular
complications of diabetes are cardiovascular diseases,

as well as peripheral vascular and cerebrovascular dis-
eases. Patients with diabetes are at 2-4 times increased
risk of coronary heart disease, peripheral vascular dis-
ease, and related deaths than those in the general pop-
ulation®.

The impact of age, age at diagnosis of diabetes, and
diabetes duration on subsequent vascular complica-
tions has been investigated in some studies but have
yielded a variety of results. A positive association
of older age on the risk of myocardial infarction and
stroke has been reported in diabetic patients®. In-
dependent effects of duration of diabetes and greater
risks associated with early rather than late onset of
diabetes have been reported %!l
type 2 diabetes, current age, age at diagnosis, and dia-
betes duration were reported to be independently as-

In patients with

sociated with macrovascular events and death. Dia-
betes duration was independently associated with mi-
crovascular events®. Long duration of diabetes, poor
glycemic control, and hypertension reportedly in-
crease the chances of microvascular complications of
diabetes!!. Poor glycemic control was associated with
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disease duration, hypercholesterolemia, high level of
low-density lipoprotein, hypertension, and income
level. Age was associated with the highest percentage
of complications '°.

Enhanced formation and accumulation of advanced
glycation end products (AGEs) have been linked to
increased risk for both macro- and micro-vascular

complications of diabetes mellitus '>!3

. Intense hy-
perglycemia elicited by diabetes leads to formation
of Amadori products which through the Maillard
reaction form AGEs, many of which have particu-

lar fluorescence 4.

Expression of receptors for ad-
vanced glycation end-products (RAGEs) gets acceler-
ated consequently. Constant activation of the AGE-
RAGE system creates long-term metabolic memory,
accelerating oxidative stress in cells. Cytokines and
growth factors secreted thereby cause inflammatory
response or aggravate thrombotic tendency that leads
to progression of arteriosclerosis and other vascular
damages %1%

Although AGEs are understood to be key players
in the development of chronic vascular complica-
tions in diabetic patients, very few studies have si-
multaneously investigated the associations of levels
of AGEs, diabetes duration and glycemic control.
One previous study reported that urinary fluorescent
AGEs, years of diabetes and glycosylated/glycated
hemoglobin (HbAlc) were found to be associated
with the occurrence of microvascular complications,
while serum fluorescent AGEs, years of diabetes and
glycosylated hemoglobin were found to be associated
with a number of complications '°.

The present study was conducted to estimate and
compare the serum fluorescence levels of AGEs in di-
abetic patients grouped according to the duration of
diabetes mellitus. The association of AGEs with di-
abetes duration, indicators of glycemic control, fast-
ing blood glucose (FBS), HbA1c levels, and incidence
of microvascular complications in patients of both
groups were compared. Knowledge of the associa-
tions would enable better cause-effect understanding
of the resultant vascular complications in diabetic pa-
tients.

MATERIAL — METHODS

Patients

Ambulatory type 2 diabetic patients, on treatment
with oral hypoglycemic drugs or on insulin, attending
the Department of Medicine, Yenepoya Medical Col-
lege Hospital, Mangalore, Karnataka, India were in-
cluded in the study. Both admitted patients as well as
outpatients, of age ranging from 39 years to 60 years,
participated in the study.
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Study design

Cross-sectional.

Exclusion criteria

Renal failure, uncompensated heart, pulmonary dis-
eases, cancer and alcoholism.

Clinical history and examination

Detailed clinical history was taken from each pa-
tient about the diabetes duration, major macrovascu-
lar events or any other microvascular complications.
Microvascular complications in the form of retinopa-
thy and neuropathy were studied in the patients.

Study groups

Patients were divided into two groups on the basis of
duration or length of diabetes mellitus.

Group 1 consisted of 46 patients whose diabetes du-
ration ranged from 1 to 10 years.

Group 2 consisted of 49 patients who had more than
10 years of diabetes duration.

Blood samples

Fasting blood samples were collected.

Estimation of serum fluorescence of AGEs

Serum AGEs were measured by spectrofluorometry
method '6.

two hours of drawing blood at 3000 rpm for 10-15

Blood samples were centrifuged within

minutes. Then, 100 ul of serum was deproteinized
with 300 ul of 5% trichloroacetic acid. Next, 200 ul of
chloroform was added, vortexed for 60 seconds, and
centrifuged at 14,000 rpm. The fluorescence intensity
of supernatants was read at 440 nm after excitation at
355 nm using a Hitachi Spectrofluorometer. Results
were expressed as arbitrary units per gram of serum
protein (AU/g protein).

Estimations of fasting blood sugar, gly-
cated hemoglobin and total proteins

Fasting blood sugar and total proteins were estimated
by automated methods using VITROS 5600 inte-
grated dry chemistry system located at the Yenepoya
Central Diagnostic Laboratory (an NABL-accredited
laboratory).

The D-10 Haemoglobin AIC instrumentation uti-
lizing ion-exchange high performance liquid chro-
matography (HPLC) which is a gold standard, was
used for the estimation of glycated haemoglobin
(HbA1lc).
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Statistical analysis

The statistical tools used were independent t-test for
comparison of means of both quantitative variables,
chi-square test for proportion comparisons, and Pear-
son’s correlation for finding associations. The statis-
tical package used Statistical Package for Social Sci-
ences (SPSS), version 22.

RESULTS

The mean age of patients was significantly higher in
group 2; this group had a significantly longer diabetes
duration than those in group 1. HbAlc values were
also significantly higher in group 2, thus indicating
poorer glycemic control in those patients. However,
fasting blood sugar did not show any statistically sig-
nificant difference between the two groups of patients.
As well, there was no statistically significant gender
difference between the two groups (Table 1).

The minimum duration of diabetes in patients was 1
year and the maximum was 15 years. Table 2 depicts
the details of duration of diabetes in all patients in-
cluded in the study. Although duration of 1-10 years
in group 1 appears to be wide compared to group 2
(with duration of 10 - 15 years), the majority of pa-
tients in group 1 (38 out of total 46 patients) had dia-
betes duration of < 5 years (Table 2).

The number and percentage of diabetic patients with
microvascular complications in the form of retinopa-
thy or neuropathy were higher in group 2 patients,
who had a longer diabetes duration (Table 3).

Serum fluorescence levels of AGEs were significantly
higher in group 2 patients who had a longer diabetes
duration (Table 4).

The correlation between serum fluorescent AGEs
with diabetes duration in all patients was analyzed.
Serum fluorescence of AGEs for all diabetic patients
showed a significant positive correlation with dia-
betes duration, fasting blood glucose (FBS) and gly-
cated hemoglobin levels. The correlation of AGEs was
strongest with HbAlc, which is evident from the r-
value (Table 5).

Serum fluorescent AGEs showed statistically signifi-
cant positive correlations with diabetes duration, FBS
and HbAIc in both groups of patients with diabetes
duration of 1-10 years and > 10 years. However, in
group 1 patients with diabetes duration 1-10 years,
the correlation of AGEs was strongest with diabetes
duration, which is evident from the r-value of 0.740
and p < 0.001, than with FBS or HbAlc. In group 2
patients with diabetes duration >10 years, the correla-
tion of AGEs was strongest with HbA ¢, which is evi-
dent from the r-value of 0.769 and p < 0.001 (Table 6).

DISCUSSION

Increased duration of diabetes mellitus has been re-
ported to be associated with increased risk of diabetic
vascular complications*!!. AGEs are known to be in-
volved in the development of microvascular compli-
cations 21>, In the present study, serum fluorescence
of AGEs was found to be significantly higher in group
2 patients with longer diabetes duration. The inci-
dence of diabetic patients with microvascular compli-
cations (in the form of retinopathy and neuropathy)
was also significantly higher in group 2 patients who
had a longer diabetes duration. These results are sim-
ilar to a previous report in which serum fluorescent
AGEs, years of diabetes, and glycosylated hemoglobin
were found to be variables associated with the number
of microvascular complications in patients 6.

In the present study, positive correlations of AGEs
with diabetes duration, fasting blood glucose and gly-
cated hemoglobin levels were found in both groups of
patients. The correlation of AGEs with diabetes dura-
tion was stronger in patients with diabetes duration of
1-10 years. These results are different from a previous
report in which serum fluorescent AGEs did not cor-
relate with age, duration of diabetes, or glycosylated
hemoglobin '°. However, although patients with <4
years diabetes duration were excluded in that previous
report, there is no data showing duration in years for
those patients to compare with the present study '°.
Compared to patients with diabetes of duration time
1-10 years, diabetic patients with duration time of >
10 years have significantly higher mean age, mean
HbAlc levels (poorer glycemic control), and inci-
dence of microvascular complications, as seen in the
present study. These findings are consistent with pre-

%11 Diabetes duration was associated

vious reports
with risk of microvascular events even after adjust-
ment for baseline HbAlc level. For each 5-year in-
crease in diabetes duration, the multiple adjusted risk
of microvascular events was increased by 28% in one
previous report”.

People with diabetes duration of > 7 years were re-
ported to be 6 times more likely to have complications
In the present study,
the number of patients with diabetic microvascular

in another previous study!!.

complications were found to be 7.2 times more in pa-
tients with longer diabetes duration (of > 10 years)
rather than those with shorter diabetes duration (of 1-
10 years). The incidence proportions of patients with
microvascular complications were compared between
the two duration groups and found to be 47% and
6.5%, respectively (shown in Table 3).

In the present study, patients with diabetes duration
of > 10 years had a higher age than patients with
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Table 1: Demographic and biochemical parameters of diabetic patients grouped according to diabetes duration

Variable Group 1 Patients with diabetes Group 2 Patients with diabetes p-value
duration 1-10 years (n = 46) duration >10 years (n = 49)

Age (years) Mean + SD Mean + SD *0.00°

52.5+55 57.6 = 3.6
Gender Female Male Female Male
Number of patients 25 21 22 27 0.357 N§
% 54.3 45.7 449 55.1
Diabetes duration Mean + SD Mean =+ SD *<0.001 S
(s 3724216 11.96 + 1.11

NS

Fasting blood glucose iz e E1D Mean + SD 0.283
(mg/dL) 136.59 + 30.16 144.16 + 37.5

M + SD M + SD * N
Glycated hemoglobin can ean £ LS
(HbA1c) (%) 7.5 4+ 0.84 8.2+ 1.54

*p value of < 0.05 indicates significant difference (S) between the groups. tNS is not significant.

Table 2: Duration of diabetes in all patients included in the study

Duration of diabetes in years Number of patients Percentage
1-5 38 40
>5-10 08 8.4
>10-15 49 51.6

Table 3: Microvascular complications in diabetic patients grouped according to diabetic duration

Group 1 Patients with diabetes Group 2 Patients with diabetes p -value

duration 1-10 years (n = 46) duration > 10 years (n = 49)
Patients with microvascu-
lar complications:
Number 3 23 *0.000
Incidence proportion 6.5% 47%

*p value of < 0.05 indicates significant difference between the groups.

Table 4: Serum fluorescence levels of advanced glycation end products in diabetic patients grouped according
to diabetes duration

Group 1 Patients with diabetes Group 2 Patients with diabetes p - value

duration 1-10 years (n = 46) duration >10 years (n = 49)
Serum fluorescent AGEs Mean + SD Mean =+ SD %< 0.001
(AU/g protein) 1.77 £ 1.72 4.30 £3.2

*p value of < 0.05 indicates significant difference between the groups.
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Table 5: Association of serum fluorescence of AGEs with diabetes duration and glycemic control in all patients

Number

AGE 95 *r

P

AGE

Diabetes FBS HbAlc
duration
.558 447 .726
<.001 <.001 <.001

*p value of < 0.05 indicates significant difference between the groups. *r is the Pearson’s correlation coefficient.

Table 6: Associations of serum fluorescence of AGEs with diabetes duration, fasting blood glucose and glycated

hemoglobin in Group 1 and 2 patients

Group 1 patients diabetes duration
1-10 years (n = 46)

Diabetes duration (years)

Fasting blood glucose (FBS)

Glycated hemoglobin (HbA1c)

* 1.740 p = 0.001

*r.307 p =0.038

*1 449 p = 0.002

Serum fluorescent AGEs

Group 2 patients diabetes duration
> 10 years (n = 49)
*r 342 p < 016

*r 513 p < .001

*r.769 p < .001

p value of < 0.05 indicates significant difference between the groups. *r is the Pearson’s correlation coefficient

shorter diabetes duration. However, in a previous re-
port, age did not have a separate effect on the risk of
microvascular events”®.

Unlike previous reports that examined the impact
of duration on diabetic complications, the present
study involved estimation of serum levels of fluores-
cent AGEs in conjunction with diabetes duration and
glycemic control. AGEs comprise the link between di-
abetes disease as cause and effect of occurrence of mi-
crovascular complications. Toxic AGE (TAGE) for-
mation inhibition, TAGE-RAGE interaction block-
ade, and RAGE expression suppression have all been
reported as promising therapeutic targets against dia-
betic vascular complications 718,

Diabetic vascular complications are leading causes of
end-stage renal failure, acquired blindness, a variety
of neuropathies; cardiovascular diseases that cause
morbidity and high mortality rates are suffered by di-
abetic patients. Estimating serum fluorescence levels
of AGEs using the simple economical method used in
the present study can effectively screen patients who
may be at higher risk of developing diabetic microvas-
cular complications and, thereby, enable better pre-
vention of associated adverse outcomes.

CONCLUSIONS

Serum levels of fluorescent AGEs, the key molecules
involved in development of diabetic vascular dam-
age, have a positive correlation with the duration
of diabetes mellitus, HbAlc and fasting glucose lev-
els. Serum fluorescent AGE levels and incidence of

microvascular complications are significantly higher
in diabetic patients with longer diabetes duration,
higher age and poorer glycemic control. Screening
patients for fluorescent AGEs, intensive glycemic con-
trol and therapeutic strategies that target molecular
mechanisms involving AGEs are warranted in older
patients with longer diabetes duration to minimize
their risk of microvascular complications.

ABBREVIATIONS

AGEs: Advanced glycation end products

RAGEs: Receptors for advanced glycation end-
products

TAGE: Toxic Advanced glycation end products
HbAlc: Glycosylated/ Glycated hemoglobin

FBS: Fasting blood sugar/glucose
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