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Abstract 
Background: his study examined the association between advanced glycation end-products (AGE) and serum markers of 
oxidative stress and inlammation in diabetic patients with or without diabetic foot ulcers. 

Methods: Eighty-two adult participants were recruited and assigned to one of three groups: 1) non-diabetic control; 2) diabetic 
participants without foot ulcers (DM); and 3) diabetic participants with foot ulcers (DFU). Demographical data, 24 hour food 
recalls, and blood samples were collected from each participant. Both dietary and serum AGE were evaluated as well astumor 
necrosis factor-α (TNF-α), C-reactive protein (CRP), and thiobarbituric acid reactive substances (TBARS).

Results: he diabetic participants had signiicantly higher levels of dietary AGE, serum AGE, TNF-α, CRP, and TBARS compared 
to non-diabetic controls. TBARS were signiicantly higher in DFU than DM. Serum AGE and TBARS were signiicantly correlated 
with dietary AGE. Serum TBARS strongly predicted the duration of DFU (R2=0.52). 

Conclusions: Individuals with DFU had the highest levels of both dietary and serum AGE. Because dietary AGE causes a rise in 
serum AGE concentration, it is important to reduce the intake of foods containing AGE by promoting appropriate dietary choices 
in this population. 
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Introduction
Diabetic foot ulcer (DFU) is a major and very costly diabetic 

complication that occurs in patients with a history of poorly 

controlled blood glucose. Despite newer treatment modalities, 

DFU is the most common cause of non-traumatic amputation 

resulting in significant disability [1]. The amputation increases 

morbidity and mortalityas well as costs associated with medical 

care, rehabilitation and loss of productivity [2]. Wound healing 

is compromised in diabetes mellitus especially when wounds 

are on the extremities. Chronic DFU results from hyperglycemia, 

neuropathy, vascular insufficiency and diminished neutrophil 

function in conjunction with an inflammatory and pro-oxidant 

state resulting in delayed wound healing. A possible risk factor 

for chronic DFU is the accumulation of advanced glycation 

end-products (AGE) which form when glucose chemically 

attaches to proteins without any enzymatic facilitation [3]. 

The stable end products thus form and affect inside insulin-

dependent cells, cell membrane proteins, circulating proteins, 

and structural proteins [4]. 

AGEs are formed endogenously by glucose auto-oxidationand 

exogenously through heat treatment of food productsduring 

food preparation. Several factors can affect AGE generation in 

food including nutrient composition, humidity, pH, temperature 

and duration of cooking [5,6]. Foods with high fat and protein 

content that undergo high temperature in low humidity 

generate the greatest amounts of AGE [7]. Nε-carboxymethyl-

lysine (CML), a common protein-derived and lipid-derived 

stable AGE, has been well characterized to serve as a marker 

for AGE in a wide range of disorders related to diabetes, renal 

failure, and aging [8-10] as well as in food [18].

AGE are elevated in retinal vessels of Streptozotocin (STZ) 

induced diabetic rats [11] and in the renal glomeruli of patients 

with diabetic nephropathy [12]. Dietary AGE consumption has 

been shown to contribute to the total body AGE pool and to 

have pro-oxidant and pro-inflammatory effects in animals 

[13,14]. However, dietary AGE restriction was found to reduce 

circulating AGE in patients with diabetes [8], chronic renal 

failure [9] as well as in healthy elderly [10]. Lower dietary AGE 

intake was also found tosuppress concentrations of various 

inflammatory markers, such as tumor necrosis factor-α (TNF-α) 

and high sensitive C-reactive protein (hsCRP) [8,10].

Wound healing is a complex process involving an inflam-

matory response to injury that results in tissue synthesis and 

repair. Uncontrolled diabetes mellitusis characterized as a 

state of pronounced imbalance of pro- and anti- inflammatory 

cytokines released in a non-sequential manner antagonizing the 

timely resolution of inflammation [15]. This imbalance impairs 

the tissue repair process resulting in delayed wound healing. The 
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healing process in patients with Diabetes mellitusis affected by 

the amount of AGE in the body which promotes inflammation 

and oxidation as demonstrated in animal studies [14,16]. In 

addition, endogenous AGEs are hyperglycemia dependent 

products with significant pro-oxidant properties manifested 

by the overproduction of reactive oxygen species and lipid 

peroxides and a reduction in glutathione, catalase, glutathione 

peroxidase and superoxide dismutase [4]. It is highly possible 

that DFU is partially due to unresolved inflammation due to 

excessive AGE in people with diabetes mellitus [17].

The objectives of this study were to determine whether 

serum AGE, possibly modulated by dietary AGE intake, 

constitutes a determinant of inflammation and oxidative 

stress that contribute to DFU, and to determine dietary and 

physiological factors in the delayed healing of DFU. The central 

hypothesis is that elevated serum AGE mayimpair wound 

healing in patients with DFU by modulating oxidative stress 

and inflammation. 

Participants and methods
Participants
A total of 82 participants were recruited from the Capital Reg- 

ional Medical Center (CRMC) and Tallahassee Memorial 

Healthcare (TMH) wound care facilities, the TMH Diabetes 

Center, and The Florida State University (FSU) wider community. 

The participants were assigned to three groups based on their 

health status: 1) non-diabetic control group (Control; n=26); 2) 

participants with type 2 diabetes but without foot ulcer (DM; 

n=26); and 3) diabetic participants with foot ulcer (DFU; n=30).

The research protocols were approved by the Human Sub- 

jects Committee of The FSU and Institutional Review Boards 

of CRMC and TMH in Tallahassee, Florida, U.S.A. Written 

informed consent was obtained from all participants, who 

met the inclusion criteria, prior to data collection. All data 

and blood samples except subsequent 24-hour food recalls 

were collected at the initial visit. One 24-hour food recall 

was collected during the initial visit and the other two recalls 

by phone on two different days of the week, including one 

weekend day, during four weeks after the initial interview. 

Non-diabetic controls were defined as generally healthy 

individuals, without diabetes, without direct family members 

with diabetes, and not taking more than one prescription 

medication. This group of participants was recruited at FSU. 

Participants in the DM and DFU groups must have been 

previously diagnosed with Diabetes Mellitus by a medical 

doctor. Participants in the DM group were in good glucose 

control according to self-reported Hemoglobin A1c of less than 

7.5% and free of diabetic complications such as nephropathy, 

retinopathy, and neuropathy. Diabetes participants without 

foot ulcer were recruited at TMH Diabetes Center. Inclusion 

criteria for the DFU group were diagnosis of DFU, with open 

wounds on their foot during the recruitment, and without 

severe diseases, such as end-stage renal diseases, organ 

transplants or cancer. 

Blood sample collection and processing
Blood samples from all participants were collected during 

the time of recruitment. Venous blood samples (20mL) were 

collected from an antecubital vein using a Vacutainer brand 

collection set (BD Vacutainer, Franklin Lakes, NJ). Blood was 

left to clot for 30 minutes and centrifuged (4000 rpm. 15 

minutes at 4°C) with in two hours of collection using an IEC 

CL31R multi speed centrifuge (Thermo Electron Corporation, 

Waltham, MA). Serum samples were then aliquotted and 

stored at -80°C until analyses. 

 

Biochemical analyses
Serum AGE was quantified with a monoclonal anti-CML 

antibody, using enzyme-linked immunosorbent assay (ELISA) 

commercial kits (Echelon Biosciences Inc. Salt Lake City, UT). 

Unless otherwise stated, the term serum AGE in the results 

indicates CML immunoreactivity associated with both proteins 

and lipids in the blood. TNF-α was measured using commercial 

ELISA kits with a monoclonal antibody specific for human TNF- 

α. The antibody was raised against recombinant human TNF-α. 

It has been shown to accurately quantify natural human TNF-α 

(R&D Systems, Inc. Minneapolis, MN). C-reactive protein (CRP) 

was measured using CRP high sensitive ELISA (IBL international, 

Hamburg, Germany). Lipid peroxides (LPO) were measured 

using thiobarbituric acid reactive substances (TBARS) assay 

kits (R&D Systems, Inc. Minneapolis, MN).

Dietary assessment
Participants were telephoned on two random days without 

prior notice following the initial visit. As part of the 24-hour 

food recalls, both the quantity and type of each food were 

collected from all participants. Dietary intake was estimated 

from the average of three 24-hour food recalls of two weekdays 

and one weekend day using Food Processor SQL 10.6.3 (ESHA 

Research, Salem, OR). Nutrients included in the analysis were 

total energy; fat, protein, and carbohydrate, percent of energy 

from fat, protein, and carbohydrate. Participants were asked 

to disclose all prescription medications and supplements 

consumed. Daily dietary AGE content (CML) of the food was 

estimated utilizing a database of 549 commonly consumed 

foods [18]. AGE intake was expressed as AGE equivalents/day (1 

AGE Eq=1,000 kilo units CML). In this published database, food 

samples were tested for AGE with ELISA using a monoclonal 

anti-CML antibody [18]. 

Duration of the wounds
The duration of DFU was defined as spanning from the day 

of epidermis break-out until the day the ulcer(s) was healed. 

All 30 DFU participants were followed for 24 months. Wounds 

from one participant failed to heal by the end of 24 months 

despite 703 days of clinical monitoring and treatment. An 

additional three participants underwent amputation of which 

the resulting surgical wounds were subsequently healed. Two 

participants were discharged from the wound care center 
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due to relocation. Clinical and dietary data of 27 healed DFU 

participants were used for statistical analyses. 

Statistical analyses
Data were analyzed using the Statistical Package for Social 

Science (SPSS) version 21.0 (SPSS, Inc., Chicago, IL). All variables 

were normally distributed. With significance accepted a pri- 

ori at p<0.05 and with the accepted effect size of 0.80, a mini-

mum of 26 subjects in each group were required to achieve 

statistical power [19].

Results were presented as mean±standard deviation. The 

designated statistical significance value was set at p<0.05 

for all tests. Descriptive statistics and comparative one-way 

ANOVA were conducted to provide population characteristics 

and to determine differences among groups with post-hoc 

Bonferroni’s correction for multiple comparisons. Correlation 

analyses were evaluated by Pearson’s correlation coefficient. 

Predictors gleaned from Pearson’s correlation and ANOVA 

were used for generating general linear model to determine 

factors affectingthe duration of DFU.

Although the wide age variance among participants was 

not intentional, significant differences were found among 

the groups even though the same inclusion criteria were 

applied to all participants (age between 45 and 75years). To 

eliminate age-related effects, age was used as a cofactor for 

statistical analyses. 

Results
General characteristics 
(Table 1) descriptive data of relevant characteristics are out-

lined in Table 1. The age of the study population was 59.2±8 

years (mean±SD). The participants with diabetes (DM and DFU) 

were older than control (p<0.05). The BMI of the DFU group was 

significantly greater than DM which was significantly greater 

than control. Similarly, body weight was significantly different 

among the three groups (p=0.000). Although genders were 

unevenly distributed in the control and DFU, no significant 

differences in weight and BMI between males and females 

in each group were observed. There were more females than 

males in the control group and more males than females in 

the DFU group but there were no gender differences within 

each group for all analyzed parameters. Mean duration of 

diabetes in the DFU group (18±13yr) was significantly greater 

than mean duration of diabetes in the DM group (6±7yr). 

Self-reported Hemoglobin A1c ranged from 6.5-7.4% in the 

DM group, and from 9-14% in the DFU group. As HbA1c is an 

indicator of long term exposure to hyperglycemia, this result is 

in agreement with findings of the UKPDS 35 report by Stratton 

(2000) which showed that risk of diabetic complications was 

strongly associated with previous hyperglycemia reflected by 

HbA1c levels [31]. Epidemiological studies have shown that 

hyperglycemia increases the risk of lower limb amputations 

regardless of age of onset of Diabetes Mellitus [32,33]. However, 

Adler and colleagues (2009) argue that diabetic foot ulcers 

Groups Control DM DFU P value

N 26 26 30 --

Age (y)

Means±SD 56±7a 61±8b 61±9b 0.046

Range 45-69 48-73 45-74 --

Gender

Male/female 4/22 13/13 20/10 --

BMI (kg/m2)

Means±SD 27±6a 33±6b 36±8c 0.000

Range 19.5-41.8 22.9-47.0 20.4-52.5 --

Male 28±4 32±6 37±10 0.075

Female 27±6 35±6 35±6 0.001

Weight (lb)

Means±SD 162±36a 211±40b 244±66c 0.000

Range 118-251 142-286 130-373 --

Male 197±22 225±40 263±72 0.064

Female 157±35 197±37 208±32 0.000

Diabetes duration (y)  

Means±SD N/A 6±7a 18±13b 0.000

is 0.8 g/kg. Participants with diabetes (DM and DFU) had hig-

her AGE/kcal intake compared with control (p=0.001). The 

AGE intake of DFU ranged from5.0 - 26.7 Eq/day while that of 

control ranged from 3.4–19.5 Eq/day. DFU had significantly 

higher AGE per unit protein (270±135Eq/g), compared with 

Table 1.General Characteristicsof the Study Population.

Note: Diferent symbols (a,b,c) show diferences between groups  
(p<0.05). One-way ANOVA used for diferences among groups 
with post hoc Bonferroni’s correction for multiple comparisons. 
BMI, body mass index; C, non-diabetic controls; DM, participants 
with Diabetes mellitusbutwithout foot ulcers; DFU, participants 
with DFU.

are a result of multiple factors with primary healing related 

to duration of diabetes, age, presence of co-morbidities, com- 

pliance and number of ulcers [32]. In an animal study re-

searchers were able to demonstrate the independent effect 

of hyperglycemia on susceptibility to ischemic necrosis [31].

Comparison of parameters among groups 
(Table 2) energy intake of the DM group was the greatest with 

an average of 1913±799 kcal and a range of 893–3739 kcal/

day, while energy intake of the DFU group was the lowest with 

an average of 1394±432 kcal and a range of 799–2579 kcal/

day (p=0.05). Based on body weight, DFU had lower energy 

intake compared with DM and control (p=0.001). Similarly, 

DFU had lower protein intake compared to DM and control. 

DFU had an extremely low protein intake of 0.57g/kg body 

weight. Both DM and control had adequate protein intake 

compared to Dietary Reference Intakes (DRI) for adult, which 
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DM and control (<180±80 Eq/g, p=0.000). This suggests that 

the DFU subjects had AGE-richprotein food choices compared 

to the other groups.

Body weight was used as a confounder for further statistical 

analyses, due to the large disparities in weight within and 

among the groups. Analysis of variance showed that there 

were significant differences among the three groups in serum 

AGE, CRP, TNF-α, and TBARS as shown in Table 2. However, there 

were no differences between any two of the three groups for 

serum AGE when using post hoc Bonferroni’s correction for 

multiple comparisons. DFU had significantly higher serum 

concentration of CRP than control, but not compared to DM. 

Participants with diabetes (DM and DFU) had higher serum 

concentrations of TNF-α compared with control. There were 

significant differences in serum TBARS concentrations among 

the groups with DFU having the highest concentration and 

control having the lowest (p<0.0001). TBARS concentrations of 

DFU were five times greater than control and 1.5 times greater 

than DM while DM had 3.4 times greater TBARS than control 

(Figure 1). Based on information from the manufacturer of the 

TBARS assay kit, TBARS levels of apparently healthy volunteers 

ranged from 0.28±0.22 µM which is slightly higher than the 

non-diabetic controls in this study.

Parameters Control DM DFU ANOVA

Dietary  -- --   -- P value

Energy -- -- -- --

Total, Kcal/day 1654±510ab 1913±799a 1394±432b 0.008

Kcal/kg 23.2±7.2a 20.6±8.9a 13.2±4.1b 0.000

Protein

Total, g/day 72±25 90±39 60±27 0.003

g/kg 1.02±0.39a 0.97±0.45a 0.57±0.27b 0.000

AGE (CML)

Total, Eq/day 10.4±5.2a 14.2±4.2ab 13.9±4.7b 0.007

Eq/Kcal 6.3±3.1a 9.1±4.8b 9.2±4.7b 0.001

Eq/g protein 149.1±78.9a 179.0±80.7a 270.2±135.3b 0.000

Biochemical      

AGE, µg/mL 1.07±0.25 1.10±0.30 1.25±0.27 0.039

CRP, µg/mL 3.55±4.66a 5.33±5.32ab 8.48±9.53b 0.033

TNF-α, pg/mL 9.62±2.90a 13.55±4.45b 12.97±2.54b 0.000

TBARS, uM 0.17±0.12a 0.58±0.39b 0.90±0.61c 0.000

Table 2. Dietary and Biochemical Parameters between Groups.

Note: Diferent symbols (a,b,c) show diferences between groups 
 (p<0.05). One-way ANOVA used for diferences among groups 
with post hoc Bonferroni’s correction for multiple comparisons.  
AGE, advanced Glycation end products; CRP, C-reactive protein; 
TNF-α, Tumor necrosis factor-alpha; TBARS, thiobarbituric acid 
reactive substances; C, non-diabetic controls; DM, participants 
with Diabetes mellitusbutwithout foot ulcers; DFU, participants 
with DFU.

Figure 1. Comparison of Biochemical Parameters among 
Groups. Percent values of DM and DFU were calculated 
based on assuming control as 100%. Diferent symbols (a,b,c) 
indicate diferences between groups (p<0.05). AGE, advanced 
Glycation end products; TNF-α, Tumor necrosis factor-alpha; 
CRP, C-reactive protein; TBARS, thiobarbituric acid reactive 
substances; C, non-diabetic controls; DM, diabetic subjects 
without DFU; DFU, subjects with DFU. 

Correlations in the study population
(Table 3) A positive association between TNF-α and BMI app- 

roached significance (p<0.1) while CRP was positively correlated 

with BMI and body weight. TBARS significantly correlated 

with BMI, body weight and age in years.

dAGE sAGE TNF-α CRP

  r p r p r p r p

sAGE 0.369 0.001 -- -- -- -- -- --

TNF-α 0.280 0.016 0.356 0.002 -- -- -- --

CRP 0.038 0.751 0.164 0.165 0.321 0.006 -- --

TBARS 0.571 0.000 0.338 0.003 0.267 0.023 0.309 0.008

Table 3. Correlations between AGE, TNF-α, TBARS and Clinical 
Variables(n=82).

Note: AGE, advanced Glycation end products; dAGE, dietary 
AGE; sAGE, serum AGE; CRP, C-reactive protein; TNF-α, 
Tumor necrosis factor-alpha; TBARS, thiobarbituric acid 
reactive substances; BMI, body mass index. Controlling for 
weight, BMI, and total energy intake.

Independent of body weight, BMI, and energy intake, dietary 

AGE intake was positively correlated with serum AGE (Figure 2a) 

as well as with TNF-α, TBARS (Figure 2b), and age in years. 

Likewise, serum AGE was positively correlated withTNF-α, 

CRP and TBARS. TNF-α was positively correlated with CRP 

and TBARS, and, CRP was positively correlated with TBARS. 

 

Serum and dietary AGE (CML), TBARS, TNF-α and 
DFU Duration
The healing time of DFU varied from 20 to 286 days. Three 

DFU participants who healed after toe or below the knee am-
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putations were not included in this particular analysis. DFU 

duration was positively correlated with dietary AGE (r=0.386; 

p=0.039), CRP (r=0.394; p=0.034), and TBARS (r=0.511; p=0.005). 

Using stepwise multiple regression modelingto predict DFU 

duration, the best single predictor for DFU duration was 

TBARS (R2=0.52).

Odds ratio for DFU
Univariate and multivariate logistic regression analyses for 

presence of DFU in participants with diabetes mellitus showed 

that among all tested predictors, TBARS and body weight 

were the best predictors of the presence of DFU. In a single 

variable analysis, the odds of having a foot ulcer was increased 

by 4.11 times for every unit increase of TBARS (p=0.036) and 

by 1.01 times for every unit increase in body weight (p=0.037).

Discussions 
This is the firststudy that examines dietary AGE intake and its 

Figure 2. he correlation between dietary AGE and serum 
AGE (a), and dietary AGE and TBARS (b). Dietary intake 
of advanced Glycation end products (AGE) is associated 
with circulating levels of Nε-carboxymethyl-lysine (CML) 
in the study population. Dietary consumption of AGEs was 
assessed based on 3-day food recalls as described, and data 
are expressed as equivalents of AGE/d (1 Eq=1000 kU AGE). 
TBARS, thiobarbituric acid reactive substances. Data are 
shown as linear correlations.

relationship with serum AGE, TNF-α, CRP, and TBARS in diabetic 

participants with or without DFU as well as innon-diabetic 

controls. As a group, diabetic participants had higher BMI, 

body weight, dietary AGE per unit of energy and serum TNF-α 

concentration than the non-diabetic controls. This suggests 

that diet quality should beemphasized in educating and coun- 

seling individuals with diabetes mellitus especially in choosing 

foods that are lower in AGE content as dietary AGE is positively 

associated with TNF-α. Furthermore, DFU had higher body 

weight, BMI, and TBARS than DM. Elevated lipid peroxidation 

has been demonstrated in patient with DFU in other studies 

[20,21]. Overweight and obesity are also highly correlated with 

oxidative stress [22]. Bodyweight, BMI, and oxidative stress 

may be key risk factors in the development and prolonged 

healing time of DFU.

Boyko et al., (1999) identified greater body weight and 

longer duration of diabetes mellitus asrisk factors for DFU 

[23]. In this study, the age of DM and DFU participants were 

similar but DFU had significantly longer duration of diabetes 

mellitus. This implies that DFU had earlier onset of diabetes, 

that is, at a younger age, compared to the DM participants. 

In addition, longer duration of diabetes mellitus, the earlier 

onset of diabetes mellitusmay also be a risk factor for the 

development of DFU.

It is highly possible that the inactivity associated with 

having a foot ulcer had significant effects on body weight in 

this study despite the lower caloric intake by this group. The 

DFU participants had lower energy intake and yet greater body 

weight compared with DM. This can be possibly explained 

by a lower metabolic rate, sedentary lifestyle and physical 

inactivity. Indeed, physical activity plays an important role 

in preventing obesity and improving insulin sensitivity. All 

these factors may affect, both directly and indirectly, the 

wound healing process in patients with DFU.

DFU participants in this study also had lower protein in-

take than DM indicating a poorer diet quality. In addition, 

AGE per unit of protein consumed by DFU participants were 

significantly greater than in DM. Qualitative analysis of the DFU 

food recalls revealed that bacon, fried meat, hot dogs, beef 

steak, chicken nuggets, pork and beef sausages, which are 

foods high in AGE, were typical components of the DFU diet. 

These findings are consistent with foods listed by Vlassara et 

al., as exceptionally high in AGE content [24]. Although socio-

economic status was not included in this study, it may have an 

influence on food choices. More alarmingly, protein intake by 

participants with DFU far below the DRI for protein compared 

to the other two groups that had adequate protein intake 

(0.57 vs. 1.0g/kg) [25]. Adequate protein intake is essential 

for the integrity of connective tissue, muscle and skin, as 

well as cutaneous wound healing. Protein deprivation leads 

to impaired healing in experimental wounds by hindering 

collagen synthesis and deposition [26]. As shown in an earlier 

study, patients with non-healing wounds had significantly 

lower protein intake than patients with healed wounds [27]. 
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Thus, there is an increased risk of impaired healing in any 

patient with insufficient dietary protein intake.

The combination of high AGE intake and weight may have 

had an additive effect resulting in higher oxidative stress in 

the participants with DFU. Although DFU and DM exhibited 

comparable AGE intake, DFU participants were heavier, afflicted 

with diabetes for a longer duration, had less total energy and 

protein intake, and demonstrated higher concentrations of 

TBARS. Dietary glycotoxins intake has been shown to impair 

wound healing in genetically diabetic mice [14]. In this 

study prolonged healing time was positively correlated with 

increaseddietary AGE intake, higher levels of CRP and TBARS 

suggesting that AGE intake mayimpair the healing of DFU 

by modulating systemic inflammation and oxidative stress.

Chronic dietary exposure to excessive AGE fosters a pro-

inflammatory state, as evidenced by the strong correlation 

between dietary AGE withTNF-α. This is consistent with the 

observation that elevated TNF-α levels were preceded by 

high AGE content in the diet [8]. In this study, a positive 

relationship between dietary AGE and TNF-a, further supports 

the hypothesis that dietary AGE intake, via its effects on serum 

AGE, modulates inflammation. Efforts should be made to 

educate people with diabetes to maintain low levels of dietary 

AGE intake. The binding of AGE with RAGE activates NF-kB 

which initiates the production of inflammatory cytokines 

including TNF-α [28].

As observed by others [10], serum AGE has been shown to be 

correlated with oxidative stress markers such as 8-isoprostanes. 

The strong correlation between AGE intake and TBARS in this 

study is in agreement with other studies that have observed 

the link between dietary AGE intake and high oxidative stress 

associated with an increase in glutathione peroxidase activity 

[29]. TBARS were positively correlated with TNF-α, CRP, BMI, 

weight and age in years. DFU had significantly greater weight 

and BMI than DM which are known to correlate with the 

levels of oxidative stress in the body [30]. Perhaps, the pro-

oxidant and pro-inflammatory environment in conjunction 

with dietary AGE and body weight collectively contributed 

to unresolved diabetic wounds.Thus, the combined therapy 

of decreasing dietary AGE, achieving a healthy body weight, 

increasing antioxidant intake, and controlling pro-oxidation 

with medication has promising effects in promoting the 

healing process and preventing future DFU development.

Diabetic participantsin this study made food choices that 

were high in AGE content consuming at least one serving of 

high-AGE foods daily. On the other hand, the control group 

had diets rich in fresh fruit and vegetables which were lower in 

AGE content. This may in part explain the lower concentration 

of inflammatory and oxidative stress markers in non-diabetic 

participants. AGE accumulation has been implicated as a 

major factor in the pathogenesis of diabetic complications.

This study demonstrates the positive association between 

dietary AGE intake and healing time of DFU as well as with 

serum TBARS. Therefore, reducing oxidative stress by limiting 

dietary AGE may hasten healing time and prevent the 

occurrence of DFU.
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