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Abstract
BACKGROUND 
In recent years, American Diabetes Association started to strongly advocate the 
Mediterranean diet (MD) over other diets in patients with diabetes mellitus (DM) 
because of its beneficial effects on glycemic control and cardiovascular (CV) risk 
factors. Tissue levels of advanced glycation endproducts (AGEs) emerged as an 
indicator of CV risk in DM. Skin biopsy being invasive, the use of AGE Reader 
has been shown to reflect tissue AGEs reliably.

AIM 
To examine the association between adherence to MD and AGEs in patients with 
DM type II.

METHODS 
This cross-sectional study was conducted on 273 patients with DM type II. A 
survey questionnaire was composed of 3 separate sections. The first part of the 
questionnaire included general data and the habits of the participants. The second 
part aimed to assess the basic parameters of participants’ diseases and associated 
conditions. The third part of the questionnaire was the Croatian version of the 14-
item MD service score (MDSS). AGEs levels and associated CV risk were 
measured using AGE Reader (DiagnOptics Technologies BV, Groningen, The 
Netherlands).

https://www.f6publishing.com
https://dx.doi.org/10.4239/wjd.v12.i11.1942
http://orcid.org/0000-0002-1960-1901
http://orcid.org/0000-0002-1960-1901
http://orcid.org/0000-0002-9696-3359
http://orcid.org/0000-0002-9696-3359
http://orcid.org/0000-0002-5433-5063
http://orcid.org/0000-0002-5433-5063
http://orcid.org/0000-0003-2060-5130
http://orcid.org/0000-0003-2060-5130
http://orcid.org/0000-0002-8186-9714
http://orcid.org/0000-0002-8186-9714
http://orcid.org/0000-0003-1695-9235
http://orcid.org/0000-0003-1695-9235
http://orcid.org/0000-0001-8375-7233
http://orcid.org/0000-0001-8375-7233
http://orcid.org/0000-0003-2654-6661
http://orcid.org/0000-0003-2654-6661
http://orcid.org/0000-0003-1634-0635
http://orcid.org/0000-0003-1634-0635
mailto:jbozic@mefst.hr


Grahovac M et al. Adherence to MD and AGEs

WJD https://www.wjgnet.com 1943 November 15, 2021 Volume 12 Issue 11

the study enrollment.

Conflict-of-interest statement: 
There are no conflicts of interest to 
report.

Data sharing statement: No 
additional data are available.

STROBE statement: The authors 
have read the STROBE 
Statement—checklist of items, and 
the manuscript was prepared and 
revised according to the STROBE 
Statement—checklist of items.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Provenance and peer review: 
Invited article; Externally peer 
reviewed

Specialty type: Endocrinology and 
metabolism

Country/Territory of origin: Croatia

Peer-review report’s scientific 
quality classification
Grade A (Excellent): A 
Grade B (Very good): 0 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

Received: May 6, 2021 
Peer-review started: May 6, 2021 
First decision: June 24, 2021 
Revised: July 1, 2021 
Accepted: October 11, 2021 
Article in press: October 11, 2021 
Published online: November 15, 
2021

P-Reviewer: Sorić T 
S-Editor: Fan JR 
L-Editor: A 

RESULTS 
A total of 27 (9.9%) patients fulfilled criteria for adherence to MD, with a median 
score of 8.0 (6.0-10.0). Patients with none/limited CV risk had significantly higher 
percentage of MD adherence in comparison to patients with increased/definite 
CV risk (15.2% vs 6.9%, P = 0.028), as well as better adherence to guidelines for 
nuts (23.2% vs 12.6%, P = 0.023) and legumes (40.4% vs 25.9%, P = 0.013) 
consumption. Higher number of patients with glycated hemoglobin (HbA1c) < 7% 
adhered to MD when compared to patients with HbA1c > 7% (14.9% vs 7.3%, P = 
0.045). Moreover, those patients followed the MDSS guidelines for eggs (33.0% vs 
46.8%, P = 0.025) and wine (15.6% vs 29.8%, P = 0.006) consumption more 
frequently. MDSS score had significant positive correlation with disease duration 
(r = 0.179, P = 0.003) and negative correlation with body mass index (BMI) values (
r = -0.159, P = 0.008). In the multiple linear regression model, BMI (β ± SE, -0.09 ± 
0.04, P = 0.037) and disease duration (β ± SE, 0.07 ± 0.02, P < 0.001) remained 
significant independent correlates of the MDSS score. Patients with HbA1c > 7% 
think that educational programs on nutrition would be useful for patients in 
significantly more cases than patients with HbA1c < 7% (98.9% vs 92.6%, P = 
0.009).

CONCLUSION 
Although adherence to MD was very low among people with diabetes, we 
demonstrated that adherence to MD is greater in patients with lower CV risk, 
longer disease duration, and well-controlled glycaemia.

Key Words: Mediterranean diet; Cardiovascular disease; Diabetes mellitus; Advanced 
glycation endproducts; Dietary habits; Atherosclerosis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Recently, American Diabetes Association started to advocate the use of the 
Mediterranean diet (MD) over other diets because of its beneficial effects on glycaemic 
control and cardiovascular (CV) risk factors. In this cross-sectional study, we 
demonstrated an association between adherence to the MD and CV risk in patients with 
diabetes mellitus (DM) type II by measuring advanced glycation endproducts. In 
addition, we found that adherence to MD is very low in diabetics, especially among 
individuals with poorly controlled glycaemia. Finally, the duration of DM 
independently predicted better adherence to MD, whereas body mass index predicted 
poorer adherence.

Citation: Grahovac M, Kumric M, Vilovic M, Martinovic D, Kreso A, Ticinovic Kurir T, 
Vrdoljak J, Prizmic K, Božić J. Adherence to Mediterranean diet and advanced glycation 
endproducts in patients with diabetes. World J Diabetes 2021; 12(11): 1942-1956
URL: https://www.wjgnet.com/1948-9358/full/v12/i11/1942.htm
DOI: https://dx.doi.org/10.4239/wjd.v12.i11.1942

INTRODUCTION
Diabetes mellitus (DM) is a group of chronic disorders of carbohydrate, fat and protein 
metabolism caused by defects of insulin secretion, action, or both[1]. Among two of the 
most prominent types, DM type II accounts for 90%-95% of people with DM[2]. 
Around 462 million individuals worldwide are affected by DM type II, corresponding 
to 6.28% of the world's population[3]. The rising incidence is even more staggering, as 
recent estimates point that 1 in 3 people in the world will have DM type II by 2050[4]. 
Even though immense efforts in terms of public health measures were made, 
developed regions, such as Western Europe and the United States, show considerably 
higher prevalence rates of DM in contrast to Third World countries[4]. This highlights 
the implication of socio-economic development and concomitant lifestyle in the 
pathophysiology of DM. Hence, lifestyle changes, particularly diet, seem to be an 
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P-Editor: Fan JR essential cornerstone of DM management.
In fact, according to the American Diabetes Association (ADA), nutritional therapy 

is of particular importance in the treatment of DM[5]. Lately, ADA strongly advocates 
the Mediterranean diet (MD) over other diets because of its beneficial effects on 
glycaemic control and cardiovascular (CV) risk factors[5]. MD is a characteristic 
dietary pattern established in the coastal areas of the Mediterranean basin[6]. By 
definition, MD consists of three to nine servings of vegetables, one to thirteen servings 
of cereals, half to two servings of fruits, and up to eight servings of olive oil a day[6]. 
The recommended total fat intake is about 37%, 18% of which are monounsaturated 
and 9% saturated fats, whereas the recommended fibre intake is 33 g per day[6]. 
Furthermore, moderate consumption of red wine, especially during meals, and rare 
consumption of red meat are also important factors of this diet[6-8].

Pathophysiology of DM includes a myriad of detrimental molecular processes. 
Perhaps the critical effector arm of damage in the setting of DM is hyperglycaemia-
induced overproduction of reactive oxygen species (ROS). Among multiple other 
effects, ROS production results in the up-regulated formation of intracellular advanced 
glycation endproducts (AGEs)[9]. AGEs are typically accumulated slowly in the 
human body during life, mostly in tissues with slow metabolism[10]. This process is 
accelerated in some diseases such as DM, renal failure, and various CV diseases[10]. 
Previous studies have shown that the values of AGEs are elevated in patients with DM 
and are at least in part the cause of DM-associated CV complications[11,12]. The 
receptors for advanced glycation endproducts (RAGEs) are found on inflammatory 
cells (T-lymphocytes and macrophages), endothelial cells and vascular smooth muscle 
cells. The binding of AGEs to RAGEs stimulates the release of proinflammatory 
cytokines and growth factors from macrophages, the formation of ROS from the 
endothelium, the procoagulant action of endothelium and macrophages, as well as 
interconnection of extracellular matrix proteins[10]. Previous studies have clearly 
shown that AGE quantity measured from skin tissue is a solid and independent 
predictor of CV complications, as well as CV morbidity and mortality in DM[13-15]. 
Unlike skin biopsy, AGE Reader recently emerged as a non-invasive yet reliable 
instrument for the measurement of AGEs tissue levels[14]. In addition, it has been 
shown that the AGEs reader has a significant additional value in determining the 
degree of CV risk in patients with DM[14,15]. In a study by Li et al[16], it was 
demonstrated that patients who had higher values of AGEs also had higher values of 
glycated hemoglobin (HbA1c), whereas the results of a cross-sectional study by Coupp
é et al[17] show that different long-term exercise regimens can slow down the normal 
process of AGEs accumulation[16,17].

Although MD and AGEs levels have already been investigated in patients with DM, 
there is scarce information regarding their mutual interconnections. Hence, the main 
aim of this study was to examine the association between adherence to the MD and CV 
risk/AGEs skin levels, in patients with DM type II[18,19]. In addition, we examined 
the association of anthropometric characteristics, glycaemic control, and physical 
activity with AGEs levels in the same group of patients. Finally, we examined dietary 
attitudes and characteristics of the studied population according to DM management. 
In this study, we hypothesized that patients with DM type II who adhere more to the 
MD would have lower AGEs skin levels, reflecting lower CV risk.

MATERIALS AND METHODS
Study design and ethical considerations
This study was performed at the Regional Center for Diabetes, Endocrinology and 
Metabolic Diseases of the University of Split School of Medicine from 1 March 2019 to 
1 June 2019. The study was approved by the Ethics Committee of the University of 
Split School of Medicine. The researchers informed the participants about the 
procedures and purpose of the study, after which all involved participants signed 
informed consent.

Subjects
A total of 273 patients (137 men and 136 women) with DM type II participated in this 
study. DM type II was diagnosed according to the criteria of the ADA[1]. All included 
participants were treated at the Regional Center for Diabetes, Endocrinology and 
Metabolic Diseases of the University Hospital of Split, and were interviewed during 
regular check-ups by a diabetologist. The inclusion criteria was that DM type II is 
diagnosed for at least a year. On the other hand, newly diagnosed DM type II, DM 
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type I and other types of diabetes were excluded from the study. For the present 
study, we initially screened 347 patients. Nineteen patients were excluded because 
their DM type II diagnosis was established in the past year, 37 patients were excluded 
because they had DM type I, whereas 10 patients were excluded because they had 
other types of DM. Finally, among 281 eligible patients, eight refused to participate in 
the study, yielding an overall acceptance rate of 97%. For the purpose of this study, we 
performed sample size analysis using MedCalc software. We used an estimated 
difference in the proportion of the adherence to MD of 0.1, with α error set at 0.05 and 
study power of 90%. The calculated sample size was 158 participants. To ensure 
additional power to the study, we collected a substantially larger sample of diabetes 
patients. Relevant clinical information on each participant was collected by taking 
anamnesis and checking their medical documentation. Participants also completed a 
survey on their life habits and the MD service score (MDSS) questionnaire to assess 
adherence to the MD. Finally, all participants were subjected to measurements of 
relevant anthropometric features and AGEs value using AGEs reader.

Anthropometric measurements
Participants were subjected to the following measurements of anthropometric features: 
Body weight and height, neck, waist and hip circumference. A calibrated medical scale 
with an altimeter (Seca, Birmingham, United Kingdom) was used to measure body 
weight and height. Body mass index (BMI) was calculated by dividing the value of 
body weight (kg) by the square of the value of body height (m2). Waist circumference 
was measured at the upright standing position at the midline level between the 
bottom of the costal arch in the mid-axillary line and the apex of the iliac ridges. In the 
same position, the hip circumference was measured at the level of the largest circum-
ference of the gluteal muscles, above the line connecting the large trochanters of the 
femur. The waist-to-hip ratio is determined by dividing the waist circumference (cm) 
by the hip circumference (cm). Neck circumference was measured at the midway of 
the neck, between the mid-cervical spine and mid anterior neck. All circumferences 
were measured using the same centimetre ribbon with 0.5 cm precision.

Survey
After an extensive literature review, a survey questionnaire that included 27 items 
divided into three main parts was compiled.

The first part consisted of 7 items that included general patients’ information and 
basic parameters of their disease. The questions included were about: Gender, year of 
birth, physical activity, smoking status, year of DM diagnosis, last HbA1c levels, and 
type of DM therapy.

The second part of the questionnaire was MDSS, a useful instrument often used to 
measure overall diet quality according to the principles of the MD[20]. MDSS is based 
on the recommended intake of 14 food groups in the Mediterranean food pyramid
[18]. While scoring the questionnaire, three points were awarded to those participants 
who met the appropriate recommended frequency of consumption of the following 
food groups: Fruits, vegetables, cereals (bread, pasta, rice), and olive oil. Two points 
were given to those who met the appropriate recommended frequency of dairy 
products and nuts consumption. Finally, one point was given to those who met the 
appropriate recommended frequency of consumption of potatoes, legumes, fish, eggs, 
red meat, white meat, sweets and wine. A score of zero was given if the number of 
servings of a particular food did not meet the MD recommendations. With this 
scoring, most points (3 points) are earned by consuming enough food that should be 
an integral part of every meal in the MD diet. The rest of the points are awarded for 
foods recommended for intake on a daily (2 points) or weekly (1 point) basis. The 
overall score can range from 0 to 24 points. A score of over 13.5 points is considered as 
good adherence to MD principles. The reliability and validity of the Croatian version 
of the 14-item MDSS questionnaire in assessment of adherence to MD was evaluated 
by Marendić et al[18].

Finally, the third questionnaire part included 6 items that investigated the dietary 
attitudes of the investigated population. All of the included statements could be 
answered with “yes” or “no “. Statements were about the source of information about 
diet, nutritionist support, getting diet information off the internet, the importance of 
diet in managing personal health problems, usefulness, and attendance of diet-related 
educational programs.

Measurement of AGEs
AGEs value and associated CV risk were measured using AGE Reader (DiagnOptics 
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Technologies BV, Groningen, The Netherlands). This is a non-invasive desktop device 
that uses the characteristic fluorescence of certain AGEs to calculate the level of 
accumulated AGEs in the skin. This method was confirmed to be firmly consistent 
with the measurement of the accumulation of AGEs in a skin biopsy sample, taken 
from the same site where the autofluorescence reading was performed[13].

Participants were briefly introduced to the method of measurement. There was no 
risk for our participants during this measurement. They were then asked to place their 
right forearm on the device, which is a standard and practical measuring point on the 
body for calculating the autofluorescence of certain AGEs from the skin[13]. A series of 
three consecutive measurements were performed. The results were summed and 
divided to obtain the mean, which was later used in the analysis. Based on the 
association of the obtained result with the age of the subjects, a value that classifies 
participants into one of the four groups (none, limited, increased, definite) depending 
on their CV risk was calculated. We further stratified these groups into two CV risk 
groups. The first group included patients with none and limited CV risk, whereas the 
second included patients with increased and definite CV risk. Finally, this method is 
observer-independent and has an intrapersonal coefficient of variation of less than 5%
[14].

Statistical analysis
Statistical analysis was performed with MedCalc package (version 19.1.2, MedCalc 
Software, Ostend, Belgium). Categorical variables were presented as whole numbers 
and percentages, while differences were evaluated with the chi-squared test and 
Fisher’s exact test. Continuous variables were presented as mean and standard 
deviation or median and interquartile range, according to the normality of data distri-
bution analysis performed with D'Agostino-Pearson test. Accordingly, differences 
between groups were evaluated with Mann Whitney U-test and t-test for independent 
samples. Furthermore, the correlation between MDSS score and other selected 
variables was tested with Spearman’s correlation coefficient, while independent 
factors associated with MDSS scores were evaluated with multiple linear regression 
analysis. For this purpose, enter algorithm was used, with a report of unstandardized 
beta coefficients (β), t-values, standard errors (SE), and P-values. The selected model 
had all assumptions in using multiple regression satisfied. Statistical significance was 
set at P < 0.05.

RESULTS
The study enrolled a total of 273 DM type II patients, with overall AGEs levels of 3.0 
(2.6-3.5). Significantly higher values of AGEs were found in men when compared with 
women [3.1 (2.7-3.7) vs 2.9 (2.5-3.3), P < 0.001], while HbA1c values were without 
significant difference between genders [7.3 (6.7-8.8)% vs 7.5 (6.7-8.8)%, P = 0.475]. 
According to AGEs levels, patients were divided into none/limited CV risk group (n = 
99) and increased/definite CV group (n = 174). According to these groups, increased 
CV risk group had significantly higher percentage of male patients (55.2% vs 41.4%, P 
= 0.029), and higher levels of HbA1c [7.65 (6.8-8.8)% vs 7.2 (6.5-8.5)%, P = 0.041]. Other 
baseline parameters according to the CV risk can be found in Table 1.

According to the MDSS questionnaire, a total of 27 (9.9%) patients fulfilled criteria 
for adherence to MD, with a median score of 8.0 (6.0-10.0). Patients with none/limited 
CV risk had significantly higher percentage of those who adhered to MD in 
comparison to patients with increased/definite CV risk (15.2% vs 6.9%, P = 0.028). In 
addition, those participants who followed the MDSS guidelines for nuts (23.2% vs 
12.6%, P = 0.023) and legumes (40.4% vs 25.9%, P = 0.013) consumption also had 
significantly higher adherence (Table 2). Furthermore, analysis of MDSS according to 
DM type II management has shown that significantly higher number of patients with 
HbA1c < 7 % adhere to MD when compared to patients with HbA1c > 7 % (14.9% vs 
7.3%, P = 0.045). Moreover, those patients follow the guidelines for eggs (33.0% vs 
46.8%, P = 0.025) and wine (15.6% vs 29.8%, P = 0.006) consumption more frequently 
(Table 3).

According to gender, women followed the guidelines for red meat consumption 
more frequently than men (34.3% vs 58.8%, P < 0.001), while men had better follow of 
guidelines for cereals (70.8% vs 55.9%, P = 0.011) and wine (33.6% vs 7.4%, P < 0.001) 
consumption. Adherence to all food groups in MDSS according to gender can be 
found in Table 4.
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Table 1 Baseline parameters analysis according to cardiovascular risk groups derived from advanced glycation endproducts result

Parameter None/limited CV risk (n = 99) Increased/definite CV risk (n = 174) Total (n = 273) P value1

Male gender, n (%) 41 (41.4) 96 (55.2) 137 (50.2) 0.029

Age (yr) 67.6 ± 12.4 69.1 ± 11.8 68.5 ± 12.1 0.313

Disease duration (yr) 9.0 (3.0-18.0) 14.0 (6.0-21.0) 12.0 (5.0-20.0) 0.005

BMI (kg/m2) 29.2 ± 4.96 29.1 ± 4.85 29.2 ± 4.88 0.900

Neck circumference (cm) 38.7 ± 4.01 39.1 ± 4.17 38.9 ± 4.11 0.409

Waist circumference (cm) 98.1 ± 12.7 97.8 ± 12.7 97.9 ± 12.6 0.870

Hip circumference (cm) 106.3 ± 9.5 105.5 ±10.5 105.8 ± 10.1 0.531

WHR 0.92 ± 0.07 0.93 ± 0.08 0.92 ± 0.08 0.575

Smokers, n (%) 12 (12.1) 41 (23.6) 53 (19.4) 0.022

Physical activity, n (%)

Not physically active 15 (15.2) 56 (32.2) 71 (26.0)

1-4 ×/mo 24 (24.2) 36 (20.7) 60 (22.0)

> 4 ×/mo 60 (60.6) 82 (47.1) 142 (52.0)

0.008

Therapy, n (%)

OHA 56 (56.6) 90 (51.7) 146 (53.5)

Insulin 14 (14.1) 26 (14.9) 40 (14.7)

OHA + insulin 23 (23.2) 49 (28.2) 72 (26.4)

GLP-1 based therapy 2 (2.0) 6 (3.4) 8 (2.9)

No medications 4 (4.0) 3 (1.7) 7 (2.6)

0.619

HbA1c (%) 7.2 (6.5-8.5) 7.65 (6.8-8.8) 7.4 (6.7-8.8) 0.041

1Chi-square test, Mann-Whitney test/t-test for independent samples. Data are presented as whole numbers (%), median (IQR) or mean ± SD. Bolded 
parameters signify statistically significant difference. AGE: Advanced glycation endproducts; OHA: Oral hypoglycemic agents; GLP: Glucagon-like 
peptide; HbA1c: Glycated haemoglobin.

Further analyses have shown that MDSS score has a significant positive correlation 
with disease duration (r = 0.179, P = 0.003) and negative correlation with BMI values (r 
= -0.159, P = 0.008) (Table 5). Moreover, in the multiple linear regression model, BMI (β 
± SE, -0.09 ± 0.04, P = 0.037) and disease duration (β ± SE, 0.07 ± 0.02, P < 0.001) 
remained significant independent correlates of MDSS score (Table 6).

Finally, attitudes regarding diet and diet behaviours were analysed. Most of the 
patients that get diet information from a physician (96.3%), think that a better and 
more controlled diet could reduce their health problems (88.6%) and would visit 
educational programs if they existed (81.7%). Furthermore, advice from a nutritionist 
was received in 16.8%of cases, while 17.9% of patients have informed themselves on 
the Internet regarding diet in diabetes. According to DM management, patients with 
worse DM control think that educational programs on nutrition would be helpful, in 
significantly more cases in comparison to patients with better control of DM (98.9% vs 
92.6%, P = 0.009). Dietary attitudes of the studied population according to DM 
management can be seen in Table 7.

DISCUSSION
In the present cross-sectional study, we demonstrated that DM type II patients with no 
or limited CV risk adhere more to the MD than patients with either increased or 
definite CV risk. In line with this, significantly more patients with none or limited CV 
risk followed the recommended use of nuts and legumes. Furthermore, we showed 
that the subgroup of DM type II patients with lower HbA1c levels (< 7%) adheres 
better to the MD than the subgroup of patients with higher HbA1c levels (> 7%), 
markedly in terms of following the recommended use of wine and eggs. In addition, 
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Table 2 Adherence to individual food groups and total Mediterranean diet guidelines according to cardiovascular risk groups derived 
from advanced glycation endproducts levels

Parameter, n (%) None/limited CV risk (n = 99) Increased/definite CV risk (n = 174) Total (n = 273) P value1

Cereals 60 (60.6) 113 (64.9) 173 (63.4) 0.475

Potato 87 (87.9) 153 (87.9) 240 (87.9) 0.989

Olive oil 28 (28.3) 45 (25.9) 73 (26.7) 0.664

Nuts 23 (23.2) 22 (12.6) 45 (16.5) 0.023

Fresh fruit 36 (36.4) 57 (32.8) 93 (34.1) 0.546

Vegetables 10 (10.1) 13 (7.5) 23 (8.4) 0.453

Milk and dairy products 14 (14.1) 44 (25.3) 58 (21.2) 0.031

Legumes 40 (40.4) 45 (25.9) 85 (31.1) 0.013

Eggs 40 (40.4) 63 (36.2) 103 (37.7) 0.492

Fish 32 (32.3) 50 (28.7) 82 (30.0) 0.535

White meat 34 (34.3) 53 (30.5) 87 (31.9) 0.509

Red meat 39 (39.4) 88 (50.6) 127 (46.5) 0.075

Sweets 77 (77.8) 137 (78.7) 214 (78.4) 0.854

Wine 19 (19.2) 37 (21.3) 56 (20.5) 0.684

Total MDSS points 7.0 (6.0-10.75) 8.0 (6.0-10.0) 8.0 (6.0-10.0) 0.959

1Chi-square test or Mann-Whitney test. Data are presented as whole numbers (%) or median (IQR). Bolded parameters signify statistically significant 
difference. MDSS: Mediterranean diet serving score.

these subgroups mainly did not differ in dietary attitudes. Interestingly, MDSS 
correlated positively with disease duration and negatively with BMI, which was 
further confirmed in a multiple linear regression model. Finally, certain gender 
differences in diet adherence were also observed, as women followed guidelines for 
red meat consumption more frequently than men, whereas it was vice versa with 
respect to guidelines for cereals and wine.

Our results regarding the association between MD adherence and CV risk are in 
concordance with the available studies. Namely, it has so far been well established that 
adherence to MD improves CV outcomes[21-24]. Among an array of the conducted 
studies, the PREDIMED (PREvención con DIeta MEDiterránea) trial should be specially 
addressed, as insights from it provided a large body of evidence on the association 
between MD and diverse health outcomes[25]. The PREDIMED is a multicentre, 
randomized, primary prevention trial that included 7447 participants aiming to assess 
the long-term effects of MD on the occurrence of CV events. The trial clearly showed a 
30% relative risk reduction in CV event incidence, while additionally calculating that, 
in a 5-year follow-up, in a hypothetic cohort of 1000 people following the MD, 13 CV 
events can be prevented. Notably, accounting for the advanced age of the study 
participants, it has been concluded that it is never too late to improve dietary 
regiments in terms of CV health. The main advantage of the PREDIMED trial was a 
continuous assessment of MD adherence, unlike most of the other follow-up studies in 
which dietary habits were only measured at the commencement of the study. 
However, it is important to point out that no effect on all-cause mortality was apparent 
in this trial, unlike other studies conducted on this topic[26-28]. Pathophysiological 
mechanisms by which MD exhibits the above-noted protective effects on the CV 
system are diverse[29]. Although not completely elucidated, the richness of MD 
nutrients in anti-oxidant and anti-inflammatory molecules is likely to be relevant[30,
31]. Nutrients can either have intrinsic anti-oxidant capacity or modulate gene and 
protein expression. Available studies suggest that MD exerts protective effects on the 
expression of several proatherogenic genes, resulting in modulation of vascular 
inflammation, thrombosis, and foam-cell formation[32-34]. In this sense, legumes, for 
which we demonstrated that patients with lower CV risk have a higher adherence, 
contain a lot of phytochemicals endowed with useful biological activities[35,36]. 
Phytochemicals were shown to have prominent antioxidant activity, improve 
endothelial function by increasing nitric oxide bioavailability and prevent athero-
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Table 3 Adherence to individual food groups and total Mediterranean diet guidelines according to diabetes management

Parameter, n (%) HbA1c > 7 % (n = 179) HbA1c < 7 % (n = 94) Total (n = 273) P value1

Cereals 113 (63.1) 60 (63.8) 173 (63.4) 0.909

Potato 159 (88.8) 81 (86.2) 240 (87.9) 0.523

Olive oil 48 (26.8) 25 (26.6) 73 (26.7) 0.969

Nuts 27 (15.1) 18 (19.1) 45 (16.5) 0.390

Fresh fruit 57 (31.8) 36 (38.3) 93 (34.1) 0.286

Vegetables 15 (8.4) 8 (8.5) 23 (8.4) 0.971

Milk and dairy products 38 (21.2) 20 (21.3) 58 (21.2) 0.993

Legumes 50 (27.9) 35 (37.2) 85 (31.1) 0.115

Eggs 59 (33.0) 44 (46.8) 103 (37.7) 0.025

Fish 51 (28.5) 31 (33.0) 82 (30.0) 0.443

White meat 60 (33.5) 27 (28.7) 87 (31.9) 0.419

Red meat 86 (48.0) 41 (43.6) 127 (46.5) 0.487

Sweets 144 (80.4) 70 (74.5) 214 (78.4) 0.255

Wine 28 (15.6) 28 (29.8) 56 (20.5) 0.006

Total MDSS points 8.0 (6.0-10.0) 8.0 (6.0-11.0) 8.0 (6.0-11.0) 0.261

1Chi-square test or Mann-Whitney test. Data are presented as whole numbers (%) or median (IQR). Bolded parameters signify statistically significant 
difference. MDSS: Mediterranean diet serving score.

sclerosis progression by inhibition of low-density lipoprotein oxidation[37,38]. 
Accordingly, nutrients in nuts, for which we demonstrated better adherence among 
low-risk CV subgroup as well, are also associated with multiple molecular pathways 
which grant their beneficial CV effects. Namely, randomized trials have proven that 
nuts consumption is associated with attenuation of inflammation and oxidative stress 
burden, improvement in endothelial function and lipid status, as well as in insulin 
resistance[39,40].

The rationale for using AGE Reader in CV risk stratification is substantiated by 
multiple evidence[41]. AGEs serum or plasma levels do not reflect levels of AGEs in 
tissues, owing to the high protein turnover rate in the circulation[42]. Conversely, AGE 
Reader reliably reflects AGEs tissue levels obtained using skin biopsy by utilizing 
fluorescent properties that several AGEs possess[43]. Furthermore, multiple studies 
indicate that accelerated accumulation of AGEs was proportionally associated with 
higher CV risk, thus justifying the use of AGE in this setting[13,14,15,44].

Effects of MD adherence on glycaemic control in DM type II were thoroughly 
reviewed by Esposito et al[45]. Multiple authors provided evidence which points to an 
inverse association between MD and indices of glucose homeostasis in the general 
population, the elderly, and high-risk patients[46-48]. Among five conducted RCTs 
that evaluated the effects of MD on glycaemic control in DM type II[49-53], only one 
trial showed no difference in HbA1c levels between the control group[49]. Namely, 
Shai et al[49] compared three weight-loss diets in 322 moderately obese patients, 46 of 
which suffered from DM type II, and demonstrated no difference in HbA1c decrease 
between the groups assigned to the MD as compared with the low-fat diet, however, a 
significant decrease in fasting glucose concentration was found in the MD cohort. Our 
results seem to be in line with findings from the aforementioned studies. In addition, 
more optimal adherence for wine and eggs in the subgroup with lower HbA1c was 
observed in the present study. This observation could be explained by the fact that 
wine and eggs were both shown to exert favourable effects on the metabolic profile in 
patients with DM[54,55].

Although our findings that adherence to MD positively correlates with disease 
duration seem reasonable, conflicts with some of the available data. Austin et al[56] 
demonstrated that DM type I duration is indicative of poorer dietary self-care in 
adolescents[56]. Authors attributed this observation to contextual and motivational 
factors as posited by Self-Determination Theory. However, owing to the significant age 
difference and concomitant differences in psychological features between ours and 
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Table 4 Adherence to individual food groups and total Mediterranean diet guidelines according to gender

Parameter, n (%) Men (n = 137) Women (n = 136) Total (n = 273) P value1

Cereals 97 (70.8) 76 (55.9) 173 (63.4) 0.011

Potato 120 (87.6) 120 (88.2) 240 (87.9) 0.871

Olive oil 37 (27.0) 36 (26.5) 73 (26.7) 0.920

Nuts 18 (13.1) 27 (19.9) 45 (16.5) 0.135

Fresh fruit 42 (30.7) 51 (37.5) 93 (34.1) 0.234

Vegetables 9 (6.6) 14 (10.3) 23 (8.4) 0.269

Milk and dairy products 33 (24.1) 25 (18.4) 58 (21.2) 0.250

Legumes 38 (27.7) 47 (34.6) 85 (31.1) 0.224

Eggs 59 (43.1) 44 (32.4) 103 (37.7) 0.068

Fish 43 (31.4) 39 (28.7) 82 (30.0) 0.626

White meat 43 (31.4) 44 (32.4) 87 (31.9) 0.864

Red meat 47 (34.3) 80 (58.8) 127 (46.5) < 0.001

Sweets 103 (75.2) 111 (81.6) 214 (78.4) 0.197

Wine 46 (33.6) 10 (7.4) 56 (20.5) < 0.001

Total MDSS points 8.0 (6.0-10.0) 8.0 (6.0-11.0) 8.0 (6.0-10.0) 0.485

Adherence to Mediterranean Diet 12 (8.8) 15 (11.0) 27 (9.9) 0.530

1Chi-square test or Mann-Whitney test. Data are presented as whole numbers (%) or median (IQR). Bolded parameters signify statistically significant 
difference. MDSS: Mediterranean diet serving score.

Table 5 Correlation of Mediterranean diet serving score with selected parameters in study population (n = 273)

Parameter MDSS score, r (P value1)

Age (yr) 0.054 (0.372)

Disease duration (yr) 0.179 (0.003)

BMI (kg/m2) -0.159 (0.008)

Neck circumference (cm) -0.001 (0.991)

Waist circumference (cm) -0.010 (0.872)

Hip circumference (cm) -0.017 (0.779)

WHR -0.022 (0.723)

HbA1c (%) -0.074 (0.220)

AGEs levels -0.012 (0.839)

1Spearman’s correlation coefficient. AGE: Advanced glycation endproducts; MDSS: Mediterranean diet serving score; BMI: Body mass index; WHR: Waist-
to-hip ratio; HbA1c: Glycated hemoglobin.

Austin et al[56]’s study participants, their findings could hardly be extrapolated to the 
current study. On the other hand, multiple studies conducted on populations similar 
to the population present in this study also demonstrated opposite results. Most 
authors agree that strict dietary habits fade over time, as DM patients are under the 
constant threat of severe diabetic complications despite being adherent to self-care 
behaviours, which results in burnout[57,58]. As overall MD adherence was low in the 
current, but in other studies as well, a search for novel educational techniques is 
warranted[59-61]. This is also recognized by study participants (97%), markedly in 
those with higher HbA1c levels. These results may be explained by multiple factors. In 
both our and other studies, the first and probably the main culprit for low MD 
adherence are overall high prices for dietary products of which MD is comprised. 
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Table 6 Multiple linear regression model of independent predictors for Mediterranean diet service score

Variable Β1 SE2 t value P value

Gender -0.39 0.43 -0.92 0.354

Age (yr) -0.002 0.02 -0.13 0.895

Disease duration (yr) 0.07 0.02 3.42 < 0.001

Body mass index (kg/m2) -0.09 0.04 -2.11 0.037

HbA1c (%) -0.07 0.13 -0.59 0.554

AGEs levels -0.31 0.31 -1.05 0.311

1Unstandardized coefficient β.
2Standard error.
AGE: Advanced glycation endproducts; HbA1c: Glycated hemoglobin.

Table 7 Dietary attitudes of studied population according to diabetes management

Questions HbA1c > 7% (n = 
179)

HbA1c < 7% (n = 
94)

Total (n = 
273)

P 
value1

Did you get diet information according to your illness from your physician (yes) 172 (96.1) 91 (96.8) 263 (96.3) 0.764

Have you visited a nutritionist to advise you on nutrition (yes) 26 (14.5) 20 (21.4) 46 (16.8) 0.157

Have you informed yourself on the Internet about the diet related to your illness 
(yes)

29 (16.2) 20 (21.4) 49 (17.9) 0.300

Do you think that a better and more controlled diet could reduce your health 
problems (yes)

156 (87.2) 86 (91.5) 242 (88.6) 0.331

Do you consider educational programs on nutrition to be useful for patients (yes) 177 (98.9) 87 (92.6) 264 (96.7) 0.009

If educational programs on nutrition existed in your community, would you visit 
them (yes)

145 (81.0) 78 (83.0) 223 (81.7) 0.689

Data are presented as whole numbers (%).
1Chi-square test.
HbA1c: Glycated hemoglobin.

Furthermore, the westernization of society has also impacted the dietary preferences of 
the population, shifting to high-sugar, low-fibre processed food. Finally, the 
knowledge concerning healthy dietary habits in our population is generally low, even 
among general practitioners[62,63]. Given that only 16% of our participants underwent 
nutritionist evaluation despite that average disease duration was 12 years, this could 
be a promising niche for diet improvement in patients with DM, as demonstrated by 
multiple authors[64,65]. Conversely, a negative correlation was found between MD 
adherence and BMI. These results are expected, as MD adherence was previously 
shown to participate in weight reduction[66,67]. In addition, patients who are more 
motivated for dietary self-care are more prone to weight loss[67].

The observed decrease in consumption of red meat in female participants and 
increased consumption of wine and cereals among men is in line with the available 
data[66]. Multiple authors suggest that gender differences in adherence to certain food 
groups could be explained by psychological dissimilarities between men and women, 
more frequent veganism in woman populations, and reduced accessibility of meat to 
women[68,69]. Results from the present study imply that patients with higher AGEs 
levels and concomitantly higher CV risk are less eager to remain physically active. The 
obtained results are in concordant with the available data, as most studies 
demonstrated that physical inactivity is associated with high levels of AGEs and other 
predictors of CV risk[70,71]. Interestingly, in a study by Rodrigues et al[72], the 
authors demonstrated that low AGEs levels in patients with human immunodeficiency 
virus could be restored to normal values by exercising in just a few months[72].

Our study bears several limitations. Firstly, the cross-sectional design of the study 
which prevents us from making any causal inferences. Secondly, in the questionnaire, 
we have relied on the participant’s recall memory, therefore, the answers are 
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susceptible to subjectivity and recall bias. Finally, although considered reliable, we 
must bear in mind that AGE Reader has many different endogenous and exogenous 
components which may influence measurement of the AGEs.

CONCLUSION
In summary, this cross-sectional study brought further evidence concerning the 
association between AGE tissue levels and adherence to MD using a validated MDSS 
questionnaire. In line with this, we demonstrated that adherence to MD is very low in 
patients with DM type II, especially in those with poorly controlled glycaemia. 
Nevertheless, survey results indicate that patients seem to realize the importance of 
diet in DM management. Furthermore, it has been observed that dietary preferences 
are influenced by gender, women followed guidelines for red meat consumption more 
frequently than men, whereas it was vice versa in guidelines for cereals and wine. 
Finally, we showed that DM duration independently predicted better adherence to 
MD, whereas BMI predicted poorer MD adherence.

ARTICLE HIGHLIGHTS
Research background
In recent years, major diabetic organizations started to strongly advocate the use of the 
Mediterranean diet (MD) over other diets in patients with diabetes mellitus (DM) 
because of its beneficial effects on glycaemic control and cardiovascular (CV) risk 
factors. Evidence suggests that CV risk may be assessed using tissue levels of 
advanced glycation endproducts (AGEs) in patients with DM.

Research motivation
As DM prevalence is constantly rising in well-developed countries, there is an urgent 
need to mitigate the poor outcomes of this disease. Regarding the importance of diet in 
this setting, we endeavoured to bring further evidence with respect to the benefits of 
the use of the MD in patients with DM.

Research objectives
The main objective of this study was to examine the association between adherence to 
the MD, assessed by MD serving score (MDSS) and CV risk, assessed by AGEs skin 
levels, in patients with DM type II. Additionally, we examined the association between 
anthropometric characteristics, glycaemic control, and physical activity with AGEs 
levels among patients with DM type 2

Research methods
In this study, we employed the Croatian version of the 14-item MDSS questionnaire to 
assess adherence to the MD. On the other hand, in order to compare adherence to CV 
risk, we used skin autofluorescence-based AGE Reader that measures AGEs skin 
levels.

Research results
The present study demonstrated that patients with diabetes who have none or limited 
CV risk adhere more to the MD than patients who have either increased or definite CV 
risk. In addition, we showed that the subgroup of patients with diabetes with better 
glycaemic control adheres better to the MD than the subgroup of patients with worse 
glycaemic control. Altogether, these results are generally in line with the available 
data. It remains to be answered why adherence to MD is so low, despite being 
undoubtedly beneficial.

Research conclusions
By bringing additional data about the association of the MD with CV outcomes, this 
study addresses the need to implement novel strategies that will lead to better MD 
adherence in patients with diabetes.

Research perspectives
In future studies, the highlight should be placed further delineation off mechanisms by 
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which MD exerts its favourable effects to establish the optimal dietary pattern. 
Furthermore, psychological studies could be important in this setting, as the main 
problem of MD is low adherence. Namely, psychological studies may give a deeper 
insight into non-adherence, thus facilitating the resolution of this issue.
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