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Background: Fluorescent advanced glycation end products (fAGEs) are

generated through the Maillard reaction between reducing sugars and amino

compounds. fAGEs accumulation in human bodies have been confirmed to

be related to many chronic diseases. To date, the correlations between serum

fAGEs levels and clinical parameters or carotid intima media thickness (CIMT)

in patients with T2DM remain unclear. Thus, this study aimed to investigate

the relationship between serum AGEs levels and clinical parameters or CIMT

in patients with T2DM.

Method: A total of 131 patients with diabetes and 30 healthy controls were

enrolled. Patients were divided into three groups according to diabetes

duration, including ≤5, 5–10, and ≥10 years. Serum fAGEs, protein oxidation

products, clinical parameters, and CIMT were determined.

Results: The result showed that levels of fAGEs and protein oxidation products

increased with the increasing duration of diabetics. Pearson correlation

coefficients of fAGEs versus hemoglobin A1c (HbA1c) were >0.5 in patients

with diabetes duration ≥10 years. A continued increase in fAGEs might cause

the increase of HbA1c, urinary albumin/creatinine ratio (UACR) and CIMT in

patients with T2DM.

Conclusion: Our study suggested that levels of fAGEs could be considered

as an indicator for duration of diabetics and carotid atherosclerosis. Diabetes

duration and smoking might have a synergistic effect on the increment of
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fAGEs levels, as evidence by the results of correlation analysis in patients

with long-duration diabetics (≥10 years) and smoking. The determination

of fAGEs might be helpful to advance our knowledge on the overall risk of

complications in patients with T2DM.

KEYWORDS

fluorescent advanced glycation end products (fAGEs), type 2 diabetes mellitus,
glycosylation, carotid intima media thickness (CIMT), diabetic complications

1 Introduction

Advanced glycation end products (AGEs) are generated
through the Maillard reaction between reducing sugars (such
as glucose and fructose) and amino compounds (1, 2). This
reaction occurs both in heat processed foods (3) or in vivo (4). It
has been reported that dietary AGEs might be released into the
blood stream or directly gain entry into the systemic circulation
(5). Accumulation of dietary AGEs in blood stream have been
confirmed to be related to many chronic diseases, such as kidney
disease (6), diabetes (7), atherosclerosis (8), Alzheimer’s disease
(AD) (9) or tumor (10). Therefore, AGEs have received much
attention not only in food science but also in clinical research.

Usually, AGEs in the body are mainly obtained primarily
through dietary intake (exogenous AGEs) or self-metabolism
(endogenous AGEs). Exogenous AGEs were generated in foods
high in fat and protein content (11, 12), and endogenous AGEs
are formed in body due to altered glucose metabolism (13, 14).
These compounds would eventually enter the blood circulatory
system through digestion and absorption (Figure 1). Therefore,
a high-AGEs diet or higher levels of endogenous AGEs would
induce the accumulation of AGEs in human tissues, resulting
in the organ injury and dysfunction (such as pancreas, carotid,
liver, and kidney). At present, relationships between AGEs and
human disease have been previously discussed. Koska et al.
(15) investigated the relationship between AGEs and incident
cardiovascular disease (CVD) in patients with type 2 diabetes
mellitus (T2DM), which showed that higher levels of AGEs
are associated with increased incident CVD. Akram et al. (16)
investigated that AGEs levels in gingival crevicular fluid of
chronic periodontitis, which indicated that AGEs contents are
higher in patients with T2DM. Cai et al. (17) also suggested that
binding of AGEs and AGEs receptors could induce oxidative
stress, leading to islet cell dysfunction and insulin resistance
(18). Uribarri et al. (19) investigated that the relationship
between dietary intake of AGEs and insulin resistance, which
indicated that exogenous AGEs might contribute to insulin
resistance in patients with T2DM. Diet-derived AGEs might be
released into the systemic circulation, which might participate
in the progress of diabetes and uremia (20). In addition
to endogenous AGEs and dietary AGEs, cigarette smoke is

also one source of AGEs and the main induction factors for
AGEs formation (21, 22). These studies mainly focused on the
pathophysiological effect of AGEs in diseases and influencing
factors of AGEs generation in vivo. However, the correlations
between serum AGEs levels and clinical parameters, carotid
intima media thickness (CIMT), or smoking in patients with
T2DM remain unclear.

According to different spectral fluorescence properties,
AGEs could be divided into non-fluorescent AGEs (Nε -
carboxymethyl-lysine, Nε -carboxyethyl-lysine, and pyrraline)
and fluorescent AGEs (fAGEs) (Figure 2; 23, 24). Many AGEs
are capable of forming cross-links between proteins and most
of them have fluorescent properties (such as pentosidine,
lys-hydroxy-triosidine, and argpyrimidine). The fluorescence
intensity was then used to measure the fAGEs concentrations
in serum due to the autofluorescence characteristics of fAGEs
(25). Serum fAGEs levels could be used as a reference for
long-term blood glucose control in diabetes (26). Therefore,
the objective of this work was to evaluate the correlation
between serum fAGEs levels and CIMT, smoking or clinical
parameters, such as hemoglobin A1c (HbA1c), serum uric
acid (UA), triglyceride (TG), low-density lipoprotein (LDL),
high-density lipoprotein (HDL), cholesterol (CHO), urinary
albumin/creatinine ratio (UACR), in patients with T2DM,
thereby providing some valuable references and guidelines for
understanding the development and progression of diabetic
complications.

2 Materials and methods

2.1 Subjects

According to the diagnostic criteria of WHO1999, all the
subjects were 131 patients with type 2 diabetes hospitalized in
Shanxi People’s Hospital from June 2021 to December 2021.
A total of 30 healthy subjects who for health check-up were
enrolled as the control group. These patients were divided into
four groups based on the different duration of diabetics: (1)
control (n = 30), (2) ≤5 years (n = 49), (3) 5–10 years (n = 33),
and (4) ≥10 years (n = 49). Besides, these patients were also
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classified into two groups according to carotid intima media
thickness (CIMT ≥ 1 mm or CIMT < 1 mm) and smoking
(smoking or no smoking), respectively.

2.2 Ethical guidelines

The present study was approved by the Institutional
Ethics Committee of Shanxi Provincial People’s Hospital,
Taiyuan, Shanxi Province, China (approval no. 2022023),
and was conducted in accordance with the Helsinki
Declaration. The main purpose and method of the study
were explained to all participants. All participants signed the
informed consent form, and they could withdraw from the
study, at any time.

2.3 Inclusion and exclusion criteria

The inclusion criteria in this study were as follows:
(1) signing the written informed consent form, (2) T2DM,
(3) BMI: 19–35 kg/m2. Exclusion criteria: (1) other types
of diabetes; (2) ketosis or ketoacidosis, hyperosmolar
coma, and severe stress within half a year, (3) family
history of mental illness or alcohol users, (4) individuals
that had used antibiotics, probiotics, non-steroidal anti-
inflammatory drugs, and/or steroids within the past 3 months,
(5) lactating or pregnant females, (6) patients with other
serious illnesses.

2.4 Patients and blood sample
collections

This study was designed to assess the correlation between
serum fAGEs and AGEs-related complications in patients
with T2DM, thereby predicting the severity of diabetic
complications by fAGEs levels. Briefly, 131 T2DM patients
and 30 healthy subjects (75 males and 86 females) in the
department of endocrinology from Shanxi Provincial People’s
Hospital were selected. All blood tests were determined after an
overnight fast of >8 h.

2.5 Measurements

Hemoglobin A1c levels of diabetics patients were
determined by the method reported by Thevarajah et al.
(27) with slight modification. Briefly, the centrifuged blood
samples were analyzed by a trained and calibrated investigator
using ion-exchange high-performance liquid chromatography
(ARKRAY Inc. Kyoto, Japan). Individuals with HbA1c levels
of < 6.0 and ≥6.0% were considered normoglycemic and

hyperglycemic, respectively. Blood and urine tests were
performed at the clinical laboratory. That is to say, blood and
urine sample were tested at a certified central laboratory for
levels of UA, TG, CHO, HDL, LDL, and UACR according to
standard procedures.

2.6 CIMT

Carotid intima media thickness were scanned by the method
reported by Jun et al. (28). The subjects were supine, and
the neck was fully exposed. Meanwhile, the head of subjects
turned to the side away from the ultrasound physician. CIMT
measurement was taken using LOGIQ 7 machine equipped with
a 10 MHz linear transducer (GE, Healthcare, Milwaukee, WI,
USA). CIMT value was scanned at three points: the far wall
of the mid and the distal common carotid artery, and 1.0 cm
proximal to the carotid bulb. The mean value of the three
measurements on each side was used as the CIMT value (29).
Usually, focal wall thickening >50% of the surrounding CIMT,
or its CIMT of 1.5 mm was identified as carotid plaque (30).

2.7 Fluorescence intensity of AGEs

The fluorescence intensity of AGEs in serum samples was
determined using the method described by Ferrer et al. (31) with
some modifications. Briefly, 5 ml fasting blood was collected,
and centrifuged at 1000 g for 10 min to separate the serum.
FAGEs levels were evaluated on a fluorescence spectrometer
(PerkinElmer LS-55). The excitation and emission wavelength
was 370 and 440 nm, respectively. The slit width was 5.0 nm. The
fluorescence intensities of AGEs were measured against reagent
blank prepared with the same reagent concentrations.

2.8 Determination of protein oxidation
products

In general, POPs include dityrosine, N’-formylkynurenine,
and kynurenine (25). These compounds were quantified by the
method reported by Ou et al. (25) with modifications. Based
on different fluorescence intensities of POPs, the excitation
wavelengths were chosen at 330, 325, and 365 nm, respectively;
the emission wavelengths were recorded at 415, 434, and
480 nm, respectively, for the quantification of dityrosine, N’-
formylkynurenine, and kynurenine, respectively. Then, 5 ml
fasting blood was collected, and centrifuged at 1000 g for 10 min
to separate the serum.

The fluorescence intensities of POPs were measured against
reagent blank prepared with the same reagent concentrations.
Besides, a fluorescence spectrometer (PerkinElmer LS-55) was
used to quantify the POPs contents.
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FIGURE 1

Schematic pathway of advanced glycation end products (AGEs) intake and formation in human body and AGEs-induced diseases.

2.9 Statistics

All statistical analyses were performed using the statistix
version 9.0 software (Analytical Software, Tallahassee, FL,
USA) and GraphPad Prism 8.0 software (GraphPad, San
Jose, CA, USA). Continuous data with a normal distribution
were expressed as mean value ± SE, whereas non-normal
distributed data are expressed as medians (quartile). The
statistical significance (P < 0.05) was evaluated using unpaired
Student’s t-test and Pearson’s correlation coefficient r.

3 Results

3.1 Baseline characteristics

Baseline characteristics were showed in Table 1. A total of
161 individuals were enrolled in this study: 131 patients with
type 2 diabetes and 30 healthy subjects, including 75 males
and 86 females. According to the duration of diabetics, 131
patients with T2DM were divided into three groups: ≤5 years

(n = 49), 5–10 years (n = 33), and ≥10 years (n = 49). The
baseline characteristics showed that there was no significant
difference in age, sex and BMI among the groups. There were
significant differences in HbA1c and UACR (P < 0.05), but no
significant differences were found in UA, TG, LDL, HDL, and
CHO (Table 1).

3.2 POPs and fAGEs

As shown in Table 2, levels of dityrosine, N’-
formylkynurenine, and kynurenine in patients with
long-duration diabetics (≥10 years) were significantly higher
than that in patients with short-duration diabetics (≤5 and
5–10 years), which meant that duration of diabetics could
significantly affect protein oxidation. Furthermore, a similar
trend was observed in the amounts of fAGEs. In patients
with long-duration diabetics (≥10 years), serum fluorescence
intensity of AGEs (34.7 ± 1.2) were significantly (P < 0.05)
higher than that in patients with short-duration diabetics (5–10
and ≤5 years) (24.7 ± 1.5 and 19.7 ± 1.2, respectively).
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FIGURE 2

Chemical structures of non-fluorescent advanced glycation end products (AGEs) and fluorescent AGEs.

3.3 Correlation between fAGEs and
clinical parameters in patients with
T2DM

In order to investigate whether there was a relationship
between clinical parameters (HbA1c, UACR, UA, TG, LDL,

HDL, and CHO) and serum fAGEs, a correlation analysis was
performed in patients with different durations of diabetics.
Compared to the patients with diabetes duration <10 years
(Figures 3A, B), it was worth noting that a significant
correlation was observed between HbA1c and fAGEs or POPs
in patients with diabetes duration ≥10 years (Figure 3C).
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TABLE 1 Clinical and biochemical characteristics of participants.

Diabetes duration

Characteristic Control subjects ≤5 5–10 ≥10 P-value

Subjects (n) 30 49 33 49 NA**

Age (years) 41 ± 13 51 ± 17 59 ± 13 64 ± 15 0.3063

Sex (male/female) 12/18 28/21 13/20 22/27 0.1332

BMI (kg/m2) 24.3 ± 6.3 32.4 ± 2.4 30.8 ± 3.7 27.1 ± 4.4 0.3454

HBA1c 5.6 ± 0.6 5.9 ± 2.1 6.7 ± 1.6 9.2 ± 1.7 0.0484*

UACR 4.0 ± 1.3 9.9 ± 2.7 11.1 ± 2.4 18.4 ± 3.7 0.0013*

UA 306 ± 44 329 ± 59 336 ± 48 439 ± 53 0.0526

TG 2.8 ± 1.1 2.4 ± 0.5 2.0 ± 1.2 1.6 ± 0.8 0.4806

LDL 2.7 ± 0.6 2.8 ± 0.7 3.0 ± 1.2 2.7 ± 0.8 0.9594

HDL 1.2 ± 0.3 1.0 ± 0.1 1.1 ± 0.4 1.1 ± 0.3 0.8740

CHO 4.3 ± 1.4 4.4 ± 1.0 4.6 ± 1.1 4.3 ± 0.6 0.9828

*P-values reflect differences between means of control subjects and diabetes at baseline (P < 0.05).
**NA, not applicable.

TABLE 2 Fluorescence intensities of advanced glycation end products (AGEs) and protein oxidation products (POPs) in healthy subjects and
patients with type 2 diabetes mellitus (T2DM)*.

Diabetes duration

Fluorescence intensity Healthy subjects (n = 30) ≤5 (n = 49) 5–10 (n = 33) ≥10 (n = 49)

fAGEs* 17.7 ± 1.6c 19.7 ± 1.2c 24.7 ± 1.5b 34.7 ± 1.2a

Dityrosine* 19.7 ± 2.0b 19.1 ± 1.6b 22.6 ± 1.9b 33.2 ± 1.6a

N’-formylkynurenine* 24.6 ± 2.2b 20.9 ± 1.7b 26.0 ± 2.1b 36.8 ± 1.7a

Kynurenine* 23.6 ± 1.8d 29.4 ± 1.4c 34.8 ± 1.8b 43.7 ± 1.4a

*Different letters (a–d) in the same row indicate significant differences (P < 0.05).

Furthermore, a similar result was also observed between UACR
and fAGEs or POPs (Figure 3C). These findings indicated that
the increase of fAGEs and protein oxidation products might lead
to higher concentrations of HbA1c and UACR in patients with
diabetes duration ≥10 years.

3.4 Effect of smoking on the formation
of fAGEs in patients with T2DM

Effect of smoking on the generation of fAGEs was
investigated in patients with T2DM. As presented in Table 3,
there was no significant difference in the amounts of serum
fAGEs and POPs in patients with diabetes duration ≤5 years. In
addition, in patients with diabetes duration >5 years, intensities
of fAGEs and POPs in smokers with T2DM were significant
higher compared to non-smokers with T2DM (Table 3).
To further elucidate the reason for increasing fluorescence
intensity of AGEs in smokers with T2DM, the relationship
between smoking and fAGEs is also evaluated. Compared to
the no smoking patients (Figure 4A), a significant correlation
was found between fluorescence intensity of AGEs, POPs,
and HbA1c or UACR in the smoking patients (Figure 4B).

Additionally, the fluorescence intensity of AGEs in smoking
patients with diabetes duration ≥10 years was higher compared
to the smoking patients with diabetes duration <10 years
(Table 3).

3.5 Correlation between fAGEs and
CIMT in patients with T2DM

In order to research the effect of fAGEs on the increment
of CIMT, the intensities of fAGEs and protein oxidation
products (dityrosine, N’-formylkynurenine, and kynurenine)
were investigated in patients with CIMT ≥1 mm and CIMT
<1 mm. As presented in Table 4, compared with patients
(CIMT < 1 mm), a significant increase of fAGEs was observed
in patients (CIMT ≥ 1 mm) with diabetes duration ≥10 years.
There was no significant difference in the amounts of fAGEs
in patients (diabetes duration <10 years). Besides, in order to
investigate whether there was a relationship between serum
fAGEs formation and HbA1c, a correlation analysis was
performed in patients with T2DM. As shown in Figure 4,
compared to the patients with CIMT <1 mm (Figure 4C),
a significant correlation was observed between HbA1c and
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FIGURE 3

The heatmap of correlation coefficient of fluorescent advanced glycation end products (fAGEs), dityrosine, N’-formylkynurenine and
kynurenine, HbA1c, UACR, UA, TG, LDL, HDL, and CHO in patients with diabetes duration ≤5 years (A), 5–10 years (B), and ≥10 years (C).

TABLE 3 Fluorescence intensities of advanced glycation end products (AGEs) and protein oxidation products (POPs) in smokers and non-smokers
with type 2 diabetes mellitus (T2DM).

fAGEs** Dityrosine** N’-formylkynurenine** Kynurenine**

Healthy subjects (n = 30)*

Smokers (n = 6) BC21.7 ± 4.4a B24.9 ± 5.3a B30.1 ± 5.5a C24.4 ± 4.8a

Non-smokers (n = 24) C16.7 ± 1.4a B18.4 ± 1.9a B23.2 ± 2.1a C23.4 ± 1.7a

Diabetes duration ≤5 years (n = 49)*

Smokers (n = 19) C19.6 ± 2.5a B20.7 ± 3.0a B22.3 ± 3.1a C28.7 ± 2.7a

Non-smokers (n = 30) BC19.8 ± 1.2a B18.0 ± 1.7a B20.0 ± 2.0a B29.8 ± 1.5a

Diabetes duration 5–10 years (n = 33)*

Smokers (n = 10) B29.1 ± 3.4a B27.9 ± 4.1a B32.8 ± 4.2a B42.0 ± 3.7a

Non-smokers (n = 23) B22.8 ± 1.4b B20.3 ± 2.0b B23.0 ± 2.2b B31.7 ± 1.8b

Diabetes duration ≥10 years (n = 49)*

Smokers (n = 14) A42.7 ± 2.9a A39.5 ± 3.5a A44.1 ± 3.6a A52.3 ± 3.1a

Non-smokers (n = 35) A31.6 ± 1.1b A30.7 ± 1.6a A33.9 ± 1.8a A40.2 ± 1.4b

*Different letters (a, b) in patients with the same diabetes duration (column) indicate significant differences (P < 0.05).
**Different letters (A–C) in smokers or non-smokers with T2DM indicate significant differences (P < 0.05).

fluorescence intensities of AGEs or POPs in patients with CIMT
≥1 mm (Figure 4D). Moreover, a significant increase of fAGEs
was found in patients with CIMT >1 compared to the patients
with CIMT <1 (diabetes duration ≥10 years) (Table 4).

4 Discussion

As indicated above, the present study suggested that
duration of diabetics could significantly affect protein oxidation.
Generally, carbonylation was recognized as one of the
most important oxidative modifications of protein (32), and
the oxidative degree of lipid was evaluated by levels of
malondialdehyde (MDA) (33). Pan et al. (34) investigated the
relationship between the oxidative stress status and diabetes
complications in patients with T2DM, which found that diabetes
duration significant positively correlated with MDA, advanced
oxidation protein products and protein carbonyl (P < 0.05).
These findings discussed here indicated oxidative stress was

correlated to diabetes duration. Increased oxidative stress in
patients with T2DM could induce the oxidation of protein (35,
36), resulting in higher levels of protein oxidation products in
patients with long-duration diabetics. Furthermore, duration of
diabetics could significantly promote the formation of fAGEs.
This result seems to be reasonable because protein oxidation
products was immediate precursor of fAGEs, higher levels of
protein oxidation products would promote the formation of
fAGEs (37). Usually, fAGEs can be formed via the Maillard
reaction or lipid oxidation pathway (38). In this study, increased
oxidative stress in patients with T2DM could induce the
formation of free radicals (such as hydroxyl radical, superoxide
radical and cross-linked radical cation) and lipid oxidation,
which promoted the generation of fAGEs (39). The fluorescence
intensities of AGEs and protein oxidation products increased
with the increasing duration of diabetics (P < 0.05), probably
due to the increased oxidative stress and lipid oxidation.
Therefore, it was reasonable that fAGEs in patients with diabetes
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FIGURE 4

The heatmap of correlation coefficient of fluorescent advanced glycation end products (fAGEs), dityrosine, N’-formylkynurenine and
kynurenine, HbA1c, UACR, UA, TG, LDL, HDL, and CHO in T2DM with non-smokers (A), smokers (B), CIMT < 1 (C), and CIMT ≥ 1 (D).

duration ≥10 years was higher compared to the patients
with diabetes duration <10 years. Diabetes duration could
significantly promote the formation of serum fAGEs and protein
oxidation products.

Changes in the physiology or pathology of patients could
be reflected in clinical parameters. For example, HbA1c
is an important indicator of long-term glycemic control,
which could reflect the cumulative glycemic history of the
preceding 2–3 months (40). Glycation is also a major cause
of spontaneous damage to extracellular and cellular proteins
of living organisms (41). The present study indicated that
higher levels of fAGEs and protein oxidation products might
promote the increase of HbA1c level. The result was consistent
with previous findings that correlation coefficient between
AGEs and HbA1c in patients with T2DM was 0.661 (42). In
general, the formation of AGEs contain three main steps: (1)
carbonyl group of lipid oxidation products or reducing sugar
react with protein to form Schiff ’s base, which becomes to
Amadori products after rearrangement; (2) Amadori products
dehydration and rearrangement generates highly reactive
dicarbonyl compounds, such as 3-deoxyglucosone (3-DG),

glyoxal (GO), and methylglyoxal (MGO); and (3) these carbonyl
compounds react with arginine and lysine residues of proteins
to form a stable AGEs (8, 43, 44). Similarly, HbA1c is also
the product of Amadori rearrangement that formed during the
process of glycation (45). Therefore, higher levels of HbA1c
probably due to increased overall protein glycation reactions
(46). Besides, Chao et al. (42) also reported that AGEs might
enhance glycation reactions of hemoglobin, which subsequently
enhance the formation of HbA1c in patients with T2DM. The
fluorescence intensity of AGEs could be considered as a marker
of long-term glycemic control in patients with T2DM.

Not only is smoking a risk factor for developing diabetes
(47), smoking also affects the formation of AGEs (48).
Therefore, the impact of diabetes and some general habits,
such as smoking, on the formation of fAGEs also needs to be
further investigated. The present study indicated fAGE levels in
smokers were significantly higher than those in non-smokers
(diabetes duration ≥10 years). This result meant that smoking
might contribute to levels of fAGEs in patients with T2DM.
Cerami et al. (48) reported that reactive glycation products
were present in aqueous extracts of tobacco and in tobacco
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TABLE 4 Fluorescence intensities of advanced glycation end products (AGEs) and protein oxidation products (POPs) in patients with carotid intima
media thickness (CIMT) ≥1 and <1 mm.

fAGEs** Dityrosine** N’-formylkynurenine** Kynurenine**

Healthy subjects (n = 30)*

CIMT ≥ 1 mm (n = 0) – – – –

CIMT < 1 mm (n = 30) C17.7 ± 1.3 B19.7 ± 1.8 B24.6 ± 2.1 BC32.4 ± 2.7

Diabetes duration ≤ 5 years (n = 49)*

CIMT ≥ 1 mm (n = 6) B20.2 ± 2.4a B18.8 ± 3.2a B21.9 ± 3.5a B36.6 ± 3.1a

CIMT < 1 mm (n = 43) C19.6 ± 1.1a B19.1 ± 1.5a B20.8 ± 1.7a C28.3 ± 2.3b

Diabetes duration 5-10 years (n == 33)*

CIMT ≥ 1 mm (n = 6) B26.4 ± 2.5a B23.1 ± 3.3a B26.8 ± 4.1a AB38.2 ± 3.9a

CIMT < 1 mm (n = 27) B24.4 ± 1.4a B22.5 ± 1.9a B25.8 ± 2.2a B36.0 ± 2.9a

Diabetes duration ≥ 10 years (n = 49)*

CIMT ≥ 1 mm (n = 11) A46.4 ± 3.6a A41.8 ± 4.6a A45.1 ± 5.0a A51.1 ± 4.0a

CIMT < 1 mm (n = 38) A31.4 ± 1.2b A30.8 ± 1.6b A34.4 ± 1.8b A48.3 ± 2.4a

*Different letters (a, b) in patients with the same diabetes duration (column) indicate significant differences (P < 0.05).
**Different letters (A–C) in patients with CIMT ≥ 1 mm or CIMT < 1 mm indicate significant differences (P < 0.05).

smoke in a form that could rapidly react with proteins to
form AGEs, resulting in a significant increase in serum AGEs
contents in smokers. Besides, AGEs in tobacco and tobacco
smoke were diet-derived AGEs, and dietary AGEs might be
released into the blood stream or directly gain entry into the
systemic circulation (5). Therefore, consumption of tobacco diet
resulted in increase of plasma levels of AGEs. Furthermore,
smoking and diabetes duration might have a synergistic effect on
the formation of fAGEs in patients with T2DM, as evidence by
the results of correlation analysis in patients with long-duration
diabetics (≥10 years). Facchini et al. (49) investigated that
relationship between insulin resistance and cigarette smoking,
which suggested that chronic cigarette smokers were insulin
resistant and hyperinsulinaemic compared with a matched
group of non-smokers. This result might help to explain why
smoking could increase levels of HbA1c and fAGEs in patients
with T2DM. The results are consistent with a previous report
which demonstrated that smoking rates had a good correlation
with HbA1c levels in patients with T2DM (50).

Diabetes complications have been paid attention because of
harmful effects on human health (51). Carotid atherosclerosis,
as one of the complications of diabetes, has been widely
studied (26). CIMT is the most often used for carotid
atherosclerosis evaluation in clinical trials (52). The present
results demonstrated that fAGEs could significantly affect the
increase of CIMT in patients with diabetes duration ≥10 years.
It should be noted that HbA1c in patients with diabetes duration
≥10 years was higher than those in patients with diabetes
duration <10 years (Table 1) (P < 0.05). Indyk et al. (45)
reported that fAGEs was generated through various chemical
pathways, such as Schiff ’s base and Amadori rearrangement,
which might promote the increment of HbA1c level (53).
Chao et al. (42) has been documented that fAGEs could
enhance glycation reactions of hemoglobin, which promote the

formation of HbA1c in patients with T2DM. James et al. (54)
also reported that glycosylation of hemoglobin could alter nitric
oxide binding to hemoglobin thiols and impair vasodilatation,
which lead to an increase in CIMT. Higher levels of fAGEs might
cause the increase of HbA1c, which further lead to an increase
in CIMT (55). Therefore, the fluorescence intensities of AGEs
could be considered as a marker for carotid atherosclerosis.

5 Conclusion

In summary, the results of this study demonstrate the
relationships between serum fAGEs levels and CIMT or clinical
parameters in patients with T2DM. The fluorescence intensities
of AGEs and POPs increased with the increasing duration of
diabetics. Diabetes duration and smoking markedly promoted
the accumulation of fAGEs and POPs. Higher concentrations
of fAGEs might cause the increase of HbA1c and UACR levels.
A continued increase in fluorescence intensity of AGEs might
cause the increase of CIMT in patients with T2DM. These
findings reflected that increasing fAGEs might enrich circulating
AGEs levels and contribute to impair vasodilatation progression
in patients with T2DM, which subsequently lead to a significant
increment in CIMT. Therefore, the fluorescence intensity of
AGEs could be considered as a marker for the duration of
diabetics and carotid atherosclerosis. This work might be helpful
to advance our knowledge on the overall risk of complications in
patients with T2DM.
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