UNIVERSITA DEL PIEMONTE ORIENTALE

Department of Sustainable Development and Ecological Transition

Master s degree in Food, Health and Environment

MASTER’S DEGREE THESIS

Eating Behavior, Dietary Pattern and Lifestyle in Patients at
The Onset of Type 2 Diabetes Mellitus.

Tutor: Candidate:
Prof. Flavia PRODAM Suzan Farah IBRAHEM
(SRS Firmato digitalmente da Flavia Prodam

< Data: 11.07. 23:08.
aglemmeoy oati 800024

iz 5o’ ORIENTALE/01943490027




LIST OF CONTENTS

LIST OF CONTENTS ...ttt 2
AADSTIACT ..ottt bt b et eh e ettt e b e be e b en 4
1. INTRODUCTION ..ottt sttt 7
1.2 TYPE 2 DIADELES ...cuveeeeieniieeieeeieeie et ettt ettt sttt st e be et et e saeeseean 10
1.3 Gestational DIADELEs. ......cc.eeuveiuiriiiiie ittt 12
1.4 Causes of Type 2 Diabetes Mellitus ........ccoveeriieriieniieeiieeiie e 15
1.5 Treatment of Diabetes Mellitus ............cooiiiiiiiiiiiniiiece e 21
1.5.1 INSUIIN TRETAPY ..eveeeiiieeiie ettt ettt et et e e s 21
1.5.2 Non-Insulin Treatments. ........coceecviririeriiniiiineneeeseetesese et 21
GLP-1 Functions and IMpliCations ...........cceeeeuieerieeriieniiesiie e 22
1.5.3 The Medical Nutrion Theraphy (MNT) in T2D ....coooviiieiiiiiieeeeeeeeeeen 23
The Mediterranean DIEt ..........cccouiiiiiiiiiiiiiciee e 25
Type 2 Diabetes and Mediterranean Diet............oceereerierieiieniiiiieeieeeeeeeeeeee e 27
Low-carbohydrate and ketoenic diet...........cocvereeriinieniieiiieieeeeeee e 28
VEZAN DGt .....iiiiiiiiiie ettt st ettt ettt et aeaeaean 30
1.5.4 Eating BERavior........coouiiiiiiieie ettt st 31
1.5.5 Eating Disorders Associatedwith Obesity.........ccccevvieriiniiniieiiiiriieeeieeeeeen 32

1.5.6 The Effectsof Eating Behavior on Diet, Obesity, Diabetes, And Body

COMPOSITION ..iviieieeeiieeetiee et ee st e eiteeetteeeteeesteeesaaeesaseeessaesseeessseessseessseennseaesseesasaeeaseans 34
1.5.7 Cognitive Behavioral Therapy in Eating Disorders ...........ccccoevveeveeneeriieneeneennen. 36
2. AIM OF THE THESIS ...ttt ettt st 39
3. MATERIALS AND METHODS ..ottt s 40
3.1 Study POPULAtION ....coviiiieie ettt ettt s 40
3.2 Inclusion and EXclusion CIIteria........cocoveereeriiriiiiiiiiniiiese ettt 40



3.3 BlOOA TS .ttt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 41

3.4 Nurse Visit (Anthropometry and Blood Pressure) ...........ccoccveevvierieenciiencieeiieeen, 43
3.5 MEAICAL VISTE eniiiniieiiiiiieee ettt sttt ettt 47
3.0, QUESTIONMAITES ....c.vveeeetiieeeiteeeeectteeeeiteeeeereeeeetbeeeeetesaeetaeeseasreeaaasseseesssaeseanreeeesnsens 47
3.6.1 INRAN Questionnaire for Eating Habits and Lifestyles..........cc.cccoeviveiieininennnn. 48
3.6.2 The PREDIMED .....cciiiiiiiiiiiee ettt 50
4.StatiStICAl ANALYSIS ..eeeuiieiiiieiie ettt ettt ettt e e et ae e re e e e enaeeens 55
SRESULTS L.ttt st sttt st b ettt sae et enne 56
4.1 Biochemical Parameters ...........eeeueeeiuieeiiieeeiieeereeeieeeieeeseeeeeebeeere e et e eaaeeseseesseeeans 58
4.2 BatiNg NabitS . ...cooueeiiiiiiieiie ettt sttt et ettt enaen 59
4.3 Eating DERAVIOT ....ccuviiiiiiiiieeceecee ettt et 64
4.4 FOOQ PALCTIIS .....veeiiieeiie ettt e et e tee et e ettt e et e e eveeeteeestaeesasaesaseeanseeessseessseessseeennes 65
4.5 Gender differENCES ......coueruiiiiriiiierie ettt 66
4.6 Correlations DEtWEEN MEASUIES .......cc.eeueerteriieeieiiniieie sttt ste ettt eee e eaees 67
0. DISCUSSION ...ttt ettt ettt st sa e ebe et et e st e e e st e e e sbesreaneens 69
7. CONCLUSION ...ttt ettt ettt et et sae bttt e e s e be et e neesbeeneaneens 74
SBIBLIOGRAPHY ...ttt ettt et s bttt 75



ABSTRACT

The high incidence of type 2 diabetes mellitus (T2DM) is a raising
public health concern at the moment. While it is widely recognized that
T2DM onset is heavily dependent on nutrition habits, the relationship
with eating behavior and possible deviations from a healthy eating
behavior have never been explored. This thesis aimed to explore the
eating behavior, dietary patterns, and lifestyle in patients with a recent
diagnosis of type 2 diabetes mellitus at their first diabetes visit at the
Maggiore della Carita Hospital (Novara, Piedmont, Italy).

This research was conducted with the Department of Endocrinology at
the "Maggiore Della Carita" University Hospital in Novara, focusing on
the eating habits, lifestyle, and nutrition on38 patients. Three
questionnaires that were provided through personal and direct interviews
with the patients at their first diabetes visit or had been recently
diagnosed with type 2 diabetes within three months. Eating habits and
lifestyle were assessed through the use of the INRAN questionnaire,
adherence to the Mediterranean Diet was estimated with the
PREDIMED questionnaire, and the Dutch Eating Behavior
Questionnaire for adults was used for analyzing eating behavior.

Our results showed that patients at their first diabetes visits have a not
perfect adherence to the Mediterranean Diet. The intake of vegetables,
fruits, fish and nuts was low, while the intake of meat, sweets and
processed products was higher compared to recommended intakes.
Dysfunctional eating behavior was present, with a restrictive behavior
being the major factor influencing diet choices and being correlated with
better outcomes. On the contrary emotional eating and external eating

behavior were correlated with bad dietary and lifestyle habits.



Despite the Mediterranean Diet's success in managing T2DM, there's

limited research on dietary habits at diabetes onset and the link between
eating disorders and T2DM. Understanding these patterns could inform
early prevention and better management, reducing T2DM complications

by addressing both metabolic and psychological factors.






1. INTRODUCTION

Diabetes mellitusis a chronic disease caused by either the pancreas
producing insufficient amounts of insulin or the body not being able to use
the insulin that is generated, resulting in hyperglycemia (Chen L. et al.,
2011). Untreated or poorly managed diabetes is thought to be the cause of
1.5 million deaths every year (World
HealthOrganizationWHO,2016).According to the American Diabetes

Association, diabetes may be diagnosed in a few different ways (Figure 1.1).

Table 2.2—Criteria for the diagnosis of diabetes
FPG =126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h.*

OR

2-h PG =200 mg/dL (11.1 mmol/L) during OGTT. The test should be performed as described
by WHO, using a glucose load containing the equivalent of 75 g anhydrous glucose
dissolved in water.*

OR

Al1C =6.5% (48 mmol/mol). The test should be performed in a laboratory using a method
that is NGSP certified and standardized to the DCCT assay.®

OR

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random
plasma glucose =200 mg/dL (11.1 mmol/L).

DCCT, Diabetes Control and Complications Trial; FPG, fasting plasma glucose; OGTT, oral glu-
cose tolerance test; NGSP, National Glycohemoglobin Standardization Program; WHO, World
Health Organization; 2-h PG, 2-h plasma glucose. *In the absence of unequivocal hyperglyce-
mia, diagnosis requires two abnormal test results from the same sample or in two separate
test samples.

Figurel.1ADA 2023 criteria for diabetes diagnosis (El Sayed et al, 2023)

Diagnosis criteria should be done based on clinical objectivity, careful
monitoring of typical symptoms and routine blood tests
The American Diabetes Association also proposed the following

classifications of diabetes :



1)Type 1 diabetes, which is due to autoimmune b-cell destruction,
usually leading to absolute insulin deficiency, including latent
autoimmune diabetes of adulthood (LADA)

2) Type 2 diabetes(due to a non-autoimmune progressive loss of
adequate b-cell insulin secretion frequently on the background of insulin
resistance and metabolic syndrome)

3) Specific types of diabetes due to other causes, e.g., monogenic
diabetes syndromes (such as neonatal diabetes and maturity-onset
diabetes of the young), diseases of the exocrine pancreas (such as cystic
fibrosis and pancreatitis), and drug- or chemical-induced diabetes (such
as with glucocorticoid use, in the treatment of HIV/AIDS, or after organ
transplantation)

4) Gestational diabetes mellitus (diabetes diagnosed in the second or
third trimester of pregnancy that was not clearly overt diabetes prior to

gestation)

In both type 1 and type 2 diabetes, various genetic and environmental
factors can result in the progressive loss of b-cell mass and/or function
that manifests clinically as hyperglycemia (El Sayed et al, 2023)
Diabetes mellitus can be recognized by several symptoms (Figure 1.2)

such as thirst, polyuria, weight loss, and blurred vision (Rutter, G. A.et

al.2020)
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FIGURE 1.2 Main symptoms of Diabetes [2]

1.1Type 1 Diabetes Mellitus in Brief

Type 1 diabetes mellitus (T1DM), often called autoimmune diabetes, is a
chronic condition that causes elevated blood sugar levels due to a lack of
insulin caused by pancreatic B-cell loss. Though it usually shows up in
childhood or adolescence, T1DM can also evolve in the adulthood, with
the name of latent autoimmune diabetes of adulthood (LADA)

The basic mechanism is the loss of the insulin-producing pancreatic -
cells due to an autoimmune response. To identify whether diabetes is
present, blood sugar levels or glycated hemoglobin (HbA1C) levels are
measured. It is customary to utilize autoantibodies and/or declining C-
peptide levels or absence to distinguish type 1 diabetes from type 2
diabetes.(Knip, et al.2016).



1.2 Type 2 Diabetes

Type 2 diabetes mellitus (T2DM), accounting for 90-95% of diabetes
cases, was previously known as non-insulin-dependent diabetes, or
adult-onset diabetes. This condition involves individuals with insulin
resistance and usually relative, rather than absolute, insulin deficiency.
Initially, and often throughout their lives, these individuals do not need
insulin treatment to survive. The causes of T2DM are varied and not
entirely understood, but it does not involve autoimmune destruction of
beta cells. Most patients with this form of diabetes are obese, leading to
some degree of insulin resistance, although non-obese patients may have
increased body fat, particularly in the abdominal area. Type 2 diabetes
often goes undiagnosed for years due to the gradual development of
hyperglycemia and the lack of severe symptoms in the early stages.
Despite normal or elevated insulin levels, the higher blood glucose levels
indicate defective insulin secretion insufficient to compensate for insulin
resistance. Insulin resistance may improve with weight reduction or
pharmacological treatment but seldom returns to normal. The risk of
developing type 2 diabetes increases with age, obesity, and lack of
physical activity, and it is more common in women with prior gestational
diabetes, individuals with hypertension or dyslipidemia, and varies
across different racial and ethnic groups. It is strongly associated with a
genetic predisposition, more so than type 1 diabetes, although the
genetics are complex and not fully defined, since family history and
lifestyle choices play a significant impact in the development of type 2

diabetes (Hossain, P.et al.2007, El Sayed et al, 2023)
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Insulin resistance at the cellular level results in a relative insulin
deficiency and a reduction in insulin production by beta cells, which
produce type 2 diabetes. The decrease in beta cell mass could be due to
apoptosis, or cell death, if there is no compensatory regeneration. Many
factors, such as the deposition of islet cell amyloid, the infiltration of
pro-inflammatory cytokines, and prolonged exposure to elevated glucose
and fatty acid concentrations (lipotoxicity and glucotoxicity), have been
implicated in the damage to the beta cells. (Butler, A. E.et al.2003).

Figure 1.3 shows some pathological mechamisms involved in T2DM
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Figure 1.3 Main aspects involved in T2DM
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The long-term effects of high blood sugar include heart disease, strokes,
diabetic retinopathy, which can lead to blindness and renal failure, and
insufficient blood supply in the limbs, which can lead to amputations.
Due to an aging population, the illness is expected to afflict twice as
many individuals in the next 10 years and is rapidly spreading to other
regions of the world as a result of this trend. This will add to the already
heavy workload for healthcare professionals, especially in developing
countries. (Chatterjee, S.et al.2017)

Treatment options for the condition include lifestyle modifications,
weight management, oral hypoglycemic medicines.

Treatment and prevention include dietary changes and exercise, like
eating a balanced diet high in fruits, vegetables, and whole grains,
staying physically active, and keeping a healthy weight, which can all
help prevent or delay type 2 diabetes.

1.3 Gestational Diabetes

Gestational diabetes (GDM) is defined as any degree of abnormal
glucose tolerance with first appearance or recognition during pregnancy.
Pregnant women without a history of diabetes may develop gestational
diabetes mellitus (GDM), characterized by elevated blood glucose levels.
(Metzger, B. E.et al.2008)

Human placental lactogen and prolactin stimulate pancreatic B-cell
hyperplasia during a normal pregnancy, raising insulin levels. Insulin
resistance increases as a result of the placental release of diabetogenic
hormones like progesterone, growth hormone, corticotropin-releasing

hormone, and placental lactogen. (Omar, B. et al.2016).
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Due to the rise in obesity and sedentary lifestyles, pregnancies
complicated by glucose intolerance are becoming more common; these
pregnancies are more common in ethnic communities and among those
with lower incomes. Depending on the groups polled, current prevalence
estimates range greatly, from 2% to 10% of all pregnancies. (Ferrara,
A.etal.2012).

The usual hormonal balance 1s distorted during pregnancy, leading to
decreased insulin production and insulin resistance. Insulin secretion
rises throughout the first trimester, which promotes the buildup of fat.
Later in pregnancy, lipolysis and insulin resistance appear. (Boney, C.

M.et al.2005)

1.4 Insulin resistance and TDM

Insulin resistance IR is a metabolic condition marked by decreased
sensitivity of target tissues to insulin, leading to several metabolic
dysfunctions. These include the liver's inability to effectively inhibit
gluconeogenesis, reduced glucose uptake in muscle and adipose tissues,
and impaired regulation of lipolysis in adipose tissue by hormone-
sensitive lipase (O'Neill et al., 2015).

Several factors contribute to insulin resistance, including obesity,
physical inactivity, unhealthy diets, genetics, and aging. This condition
prevents cells from efficiently absorbing glucose, resulting in elevated
blood sugar levels (Samuel et al., 2016). In response, the pancreas
increases insulin production, leading to hyperinsulinemia. Over time,
this compensatory mechanism can increase the risk of cardiovascular

disease, hypertension, and dyslipidemia (DeFronzo et al., 2010).

13



The causes of insulin resistance are still being widely studied, but the
main hypotheses involve the presence of low-grade chronic
inflammation and the production of free fatty acids exacerbated by the
accumulation of fat in the liver and visceral tissue, which triggers the
immune system (Choe et al., 2016; McLaughlin et al., 2014; Wensveen
et al., 2015). The main mechanism explaining this association has been
described by Jung et al. (2016), who suggested that the accumulation of
visceral fat stores affects insulin metabolism by releasing free fatty
acids. Elevated levels of free fatty acids can induce hepatic insulin
resistance, particularly by enhancing gluconeogenesis. Diabetes and
increased VLDL production are independent consequences of insulin
resistance, leading to an overproduction of triglycerides and low levels
of HDL (Ginsberg et al., 2005).

Inflammation and oxidative stress significantly contribute to the
progression of insulin resistance. Elevated levels of reactive oxygen and
nitrogen species (RONS) associated with obesity trigger inflammatory
pathways that promote insulin resistance. Chronic low-grade systemic
inflammation and oxidative stress in adipose tissue further exacerbate
insulin resistance. Factors like hyperglycemia, persistent inflammation,
and postprandial reactive oxygen species (ROS) production contribute to
oxidative stress in obesity, leading to lipid peroxidation and declining
antioxidant levels. Pancreatic B-cells, which have low antioxidant
enzyme production, are particularly vulnerable to RONS damage
(Hotamisligil et al., 2006; Shoelson et al., 2006).

Hyperglycemia develops when B-cells can no longer compensate for
peripheral insulin resistance. Factors such as free fatty acids,

hyperglycemia, and cytokines contribute to -cell decompensation.
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Additionally, improper coupling of insulin secretion and B-cell glucose
metabolism exacerbates this decompensation (DeFronzo et al., 2009). In
the early stages of insulin resistance, a compensatory response occurs,
marked by an increase in pancreatic B-cells and enhanced insulin
production to maintain normoglycemia. Over time, however, B-cells
become insufficient, leading to a loss of mass and function,
hyperglycemia, and the onset of type 2 diabetes mellitus (T2DM)
(Dankner et al., 2009).

Insulin resistance is central to the development of metabolic syndrome,
which includes obesity, hypertension, hypertriglyceridemia, and reduced
HDL cholesterol. This syndrome significantly increases the risk of
T2DM and cardiovascular diseases due to abdominal fat accumulation,
elevated blood pressure, and dyslipidemia (DeFronzo et al., 2010).
Obesity is closely linked to insulin resistance, particularly in peripheral
tissues such as the liver, adipose tissue, and skeletal muscle. Peripheral
insulin resistance increases insulin demand, leading to pancreatic -cell
adaptation and hyperinsulinemia, which exacerbates the metabolic
dysregulations associated with obesity and T2DM (Eckel et al., 2005).
The metabolic dysregulations associated with obesity and T2DM are
further exacerbated by the peripheral insulin resistance-induced increase

in insulin demand.

1.4Causes of Type 2 Diabetes Mellitus
The causes of diabetes mellitus are not fully known. It is now generally
acknowledged that a combination of modificable and non modificable

variables contribute to the development of diabetes mellitus. (Olokoba,

A. B.et al.2012).
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As previously said, two maininterrelated mechanisms are mostly
responsible for type 2 diabetes: insulin resistance and insulin deficiency.
Insulin-resistant cells develop in the liver, fat, and muscle tissues,
contributing to an higher request of insulin. On the other hand too little
insulin is produced by the pancreas to maintain blood sugar levels within
a healthy range: when the balance between insulin demand and
production is disrupted, blood sugar remains elevated in the
bloodstream, leading to the glycation of haemoglobin. (Samuel et al.
2016; McCarthy, M. 1. et al.2010).

T2DM is a result of a complex interaction of genetic, environmental, and
metabolic risk factors, but whatever is responsible of an increase in
insulin resistance or a decrease in insulin production might be associated
with a higher T2DM risk.Like other chronic diseases, among the non
modifiable factors, age and genetic predisposition are the two major
causes, while among modifiable factors we have obesity,physical
inactivity, diet, smoke, stress, drugsor other pollutants (Figure 1.4). The
risk of developing type 2 diabetes mellitus is also higher in women with
a history of gestational diabetes than in their offspring. In general,
inappropriate lifestyle accounts for more than 50% of T2DM cases, and
this is confirmed by the raise of T2DM prevalence in the latest years,
mainly associated with obesity.Other pathological conditions may be
related with T2DM, such as the polycystic ovary syndrome (PCOS),
which is often characterized by hyperinsulinemia, a risk factor for

developing T2DM (Kahn, S. E.et al. 2014).
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CAUSES OF TYPE 2 DIABETES
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Figure 1.4: The causes of type 2 Diabetes Mellitus

Genetic Factor

The interaction between genetic and environmental factors in the
development of type 2 diabetes mellitus (T2DM) is complex. Genome-
wide association studies (GWAS) have identified over 100 loci
associated with an increased risk of T2DM, including genetic
polymorphisms in genes such as TCF7L2, WFSI, and INS. These
genetic variations can influence the body's insulin production and
glucose regulation mechanisms, contributing to the susceptibility to
T2DM.

The impact of traditional risk factors like body mass index (BMI) and
family history on the risk of T2DM is modified by an individual’s
genetic predisposition to the disease. This underscores the importance of
genetic risk assessment in early diagnosis and preventive measures.
Despite the identification of numerous loci, the genetic variants
discovered so far only partially explain the heritability of T2DM. This

indicates the necessity for further research to identify additional
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causative variants and understand their functional roles. This ongoing
research is expected to lead to new discoveries that will enhance our
understanding of the genetic basis of T2DM and improve strategies for

its prevention and treatment.(Liu Y,et al.2022)

Ethnicity Factor

It seems that ethnicity may also influence an individual's chance of
developing diabetes, suggesting that environmental factors are not the
sole factors influencing the course of the disease. For instance, South
African Indians have a significantly greater incidence of type II diabetes
(8.9%) than Black South Africans (4.2%). Variations in the frequency of
type II diabetes among individuals from various ethnic backgrounds
across Asia have also been reported. Within the same population, Malays
had a higher prevalence of type II diabetes (11.3%) than Aborigines
(4.4%). Once more, research indicates that ethnicity may raise the risk of
diabetes mellitus in addition to other factors. (Mbanya, J. C. N.et
al.2010).

Gender Factor

Men and women tend to have similar rates of type II diabetes (T2D), yet
there are significant geographical disparities and variations in risk
factors.The International Diabetes Federation (IDF) reports that
worldwide, males are a little more likely than women to have diabetes.
Diabetes affected 9.8% of men and 9.2% of women worldwide in
2021.According to specific research, women may have a significantly

greater frequency of T2D in particular areas or groups. For example,
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women are more common in several low- and middle-income nations
because of things like increased obesity rates and various socioeconomic
circumstances that impact healthcare availability. There are distinct risk
factors for T2D development in men and women. MoreoverThere are
distinct risk factors for T2D development in men and women. At a lower
body mass index (BMI) than women, males are more likely to acquire
type 2 diabetes (T2D). On the other hand, obesity is more common in
women, which is a major risk factor for type 2 diabetes. (Kalyani RR,et

al.2014)

Location (Urban vs Rural)

The impact of residency on the prevalence of diabetes mellitus has been
demonstrated by numerous studies on the incidence of diabetes. The age-
adjusted prevalence of diabetes mellitus was substantially higher in the
urban population (12% for males and 14% for women) than in the rural
population (7% for men and 7.7% for women), according to a recent
study done in Saudi Arabia by Al-Nuaim. There has also been evidence
of a difference in the prevalence of type II diabetes between rural and
urban populations in Asia. A study looking at the incidence of diabetes
mellitus among adult Malay residents of rural and urban areas
discovered a very significant and noteworthy variation in the prevalence
of type II diabetes between the two categories. Type II diabetes was
more common in urban settings (8.2%) than in traditional hamlets

(2.8%). (Mohammed, S. A.et al.2021).
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Physical Activity

Regular exercise has been demonstrated to improve glucose tolerance
and insulin sensitivity. Furthermore, new research has demonstrated that
physical activity lowers the incidence of type II diabetes. A recent study
conducted on an African American community in the United States
found that diabetes prevalence rises with levels of obesity and inactivity.

(Hawley, J. A.et al. 2008).

Nutritional Factors

Approximately 80% of people with type II diabetes are obese. Type II
diabetes and obesity are strongly correlated. Foods high in calories, high
in refined and simple sugars, high in saturated fats, and low in complex
carbohydrates (fibers) may be a factor in the emergence of obesity and

type II diabetes. (Malik, V. S.et al. 2015).

Stress Factor

The modern lifestyle's severe and protracted stress may also be linked to
glucose intolerance, which could raise the risk of diabetes. Anxiety that
is severe and protracted may activate adrenal hormones, especially
glucocorticoids, which have been shown to induce glucose intolerance

and contribute to the development of diabetes. (Aune, D.et al. 2013).
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1.5 Treatment of Diabetes Mellitus

Diabetes mellitus (DM) is a progressive condition characterized by
either insulin resistance or insulin insufficiency, leading to elevated
blood glucose levels during fasting and after meals. This hyperglycemia
can cause acute and chronic complications, including microvascular and
macrovascular diseases, which can lead to blindness, kidney failure,
heart disease, stroke, and amputations. Effective glycemic management
is crucial for reducing the risk of these complications, and it often
requires a dynamic approach to treatment as the disease progresses. Over
the past five years, numerous novel pharmaceutical therapies have been
developed to treat diabetes, complementing existing treatments focused
on diet, exercise, and weight loss (American Diabetes Association, 2023).
1.5.1Insulin Therapy

Insulin therapy is essential for many individuals with type 2 diabetes,
helping to maintain health and reduce the risk of complications. Daily
insulin dosage varies among individuals and should be reviewed
regularly. Adjustments should be based on blood glucose patterns and
circadian rhythms, considering individual variations in dose distribution
(Home et al., 2018).

1.5.2Non-Insulin Treatments

Metformin: is a cornerstone in the treatment of type 2 diabetes, primarily
by lowering insulin resistance and improving vascular health. It is well-
established for its benefits in glycemic management and reducing the

risk of cardiovascular disease (CVD) (Foretz et al., 2014).
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Sodium-Glucose Cotransporter 2 (SGLT2) Inhibitors:such as
dapagliflozin, work by blocking glucose reabsorption in the kidney’s
proximal convoluted tubule, thereby increasing glucose excretion. They
have beneficial effects on blood sugar levels, the kidneys, and the heart.
However, they carry risks such as euglycemic diabetic ketoacidosis and

can lead to genital and urinary infections (Marso et al., 2016).

GLP-1 Receptor Agonists: are incretin-based therapies that promote
satiety, reduce postprandial glucagon, and improve insulin production.
These treatments are advantageous for patients with T2DM, particularly
those who are obese, as they effectively reduce cardiovascular events

and enhance renal function (Mulvihill & Drucker, 2014).

Dipeptidyl Peptidase-4 (DPP-4) Inhibitors :These medications enhance
the effects of GLP-1 and glucose-dependent insulinotropic polypeptide
(GIP), improving glycemic management and lowering A1C levels by
0.5-0.8%. They help manage glucose levels in T2DM patients without

affecting cardiovascular risk (Scirica et al., 2013).

GLP-1: Functions and Implications

Production and Function GLP-1 is a 30-amino acid peptide hormone
produced in L-type enteroendocrine cells of the intestine in response to
food intake. It stimulates insulin secretion, inhibits glucagon release, and
helps reduce postprandial glucose spikes by enhancing insulin release
from pancreatic beta cells. GLP-1 is derived from the precursor molecule

preproglucagon (Holst, 2007; Baggio & Drucker, 2007).

22



Metabolism and Inactivation :GLP-1 is rapidly metabolized and
inactivated by the enzyme dipeptidyl peptidase IV (DPP-IV) before it
can leave the intestine, limiting its bioavailability and functional duration
(Drucker, 2006).

Role in Insulin Secretion and Glucose Homeostasis GLP-1 helps
maintain glucose homeostasis and reduces insulin resistance by
enhancing the absorption and utilization of glucose in peripheral tissues
(Holst, 2007).

Impact on Obesity and Reactive Hypoglycemia Excessive GLP-1
production can cause postprandial reactive hypoglycemia due to
overstimulation of insulin release. Reduced GLP-1 secretion may be
linked to obesity, given its role in appetite and food intake regulation
(Verdich et al., 2001).

Significance of GLP-1-Based Therapies GLP-1 receptor agonists not
only enhance insulin production and reduce postprandial glucagon but
also promote weight loss and lower cardiovascular risks in T2DM
patients. They improve renal function and contribute to overall metabolic

health (Mulvihill & Drucker, 2014).

1.5.3The Medical Nutrion Theraphy (MNT) in T2D

Medical Nutrition Therapy (MNT) plays a crucial role in the
management of type 2 diabetes (T2D) according to the Italian guidelines
and 1ts 2023 update, as well as the latest American Diabetes Association
(ADA) guidelines. The Italian guidelines emphasize the efficacy of
structured MNT, recommending a balanced Mediterranean diet and the

use of low-glycemic index nutrientswhich has been linked to reductions
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in HbAlc levels and body weight, making it a beneficial choice for
individuals with type 2 diabetes to improve glycemic control and body
weight . Additionally, the ADA guidelines highlight the importance of
MNT in T2D management, emphasizing the need for tailored dietary
approaches to ethnic and family traditions, socioeconomic status, and
educational background of the patient. Both sets of guidelines
underscore the significance of MNT in achieving optimal outcomes for
individuals with T2D, showcasing its role in enhancing overall health

and well-being in patients with this metabolic condition.

Le raccomandazioni nutrizionali alla luce delle nuove linee
guida italiane (e degli aggiornamenti) per il trattamento del
diabete di tipo 2
The nutritional recommendations in light of Italy’s new guidelines
(and updates) for the treatment of type 2 diabetes

Matteo Monam
che, ADL-Careggi, Firenze

DOI: hutps://dei.orgho.3068z/ildiazzond

ABSTRACT
Background/aim: this editorial is aimed at providing a reference for the medical nutritional therapy (MNT) in patients with type 2 diabetes, as
recommended by the new Italian guidelines for the treatment of type 2 diabetes and its 2023-Update. Methods and results: the present paper re-

vised the recently published Italian guidelines for the treatment of type 2 diabetes (outpatients) and its update, either in primary care or specialist

referral. The guideline has been developed following the methods described in the Manual of the Naotional Cuideline System (http:/fwww.snlg-
iss.it) by a panel nominated by the Societa Italiana di Diabetologia (SID) and Associazione Medici Diabetologi (AMD). Available
literatureon nutritional therapy showed o greater efficacy of: 1) MNT vs_ unstructured nutritional advices, 2) Mediterraneandiet vs. other dietary
approaches, and the use of low- vs. high-glycemic index nutrients in reducing HbArc and body weight.

Conclusions: the present paper illustrates the recommendations of the Italian guidelines {and its 2023-update) for the treatment of type 2 diabetes
on medical nutritional therapy. In synthesis, the panel suggests a structured medical therapy, balanced diet (Mediterranean), and the use of low-,
rather than high-glycemic index nutrients due to the improvement of glycemic control and body weight.

Figur 1.5.1The Medical Nutrion Theraphy (MNT) in T2D

Studies have shown that encouraging patients to adopt a Mediterranean
diet and choose low-glycemic index foods can support long-term

adherence to dietary changes and contribute to better health outcomes
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However MNT is more effective than unstructured nutritional advice,
and following a Mediterranean diet has shown better outcomes
compared to other dietary approaches.

Thus the management of type 2 diabetes mellitus requires lifestyle
changes and the development of self-management abilities. A change in
eating habits is one of the biggest lifestyle adjustments and obstacles for
diabetic people. For many years, diabetic patients were prescribed a
standard carbohydrate portion-controlled diet; nevertheless, a variety of
diets are currently being tested on this population. (Evert, A. B.et
al.2014)

The Mediterranean Diet

Numerous diets have been suggested over time as being beneficial for
people with diabetes, but no conclusive research has been done on them.
The American Diabetes Association (ADA) recommends that nutritional
therapy for adults with diabetes concentrate on encouraging healthy
eating patterns based on essential nutrients that are varied, chosen, and
integrated in the appropriate amount. The goal is to maintain a healthy
weight and achieve optimal levels of blood pressure, cholesterol, and
glycosylated hemoglobin (HbA1c), as well as blood pressure and lipid
profile. The ADA stresses that in order to do this, cultural preferences,the
places in which patients reside, their ability to obtain meals that are
advised, and their openness to change should all be taken into account.
Due to the pandemic of type 2 diabetes (T2D) in western nations, people
with T2D are more vulnerable to other diseases like cancer and
cardiovascular disease. Diet and lifestyle factors are linked to type 2

diabetes. Numerous cardiovascular risk factors, and diabetes specifically,
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are showing advantages to the standard Mediterranean diet. (Martinez-
Gonzalezet al. 2017).

In this case, achieving appropriate diabetes management may depend on
following a nutritious eating pattern like the traditional Mediterranean
diet.

The phrase "Mediterranean diet" usually describes a nutritional pattern
that is mostly plant-based. The Mediterranean diet, which emphasizes
fruits, vegetables, nuts, grains, olive oil, grilled or steamed chicken and
seafood, and a glass or two of red wine, is the diet that has historically
been followed in Greece, Crete, southern France, and some regions of
Italy. The conventional American diet is higher in butter and red meat
than the Mediterranean diet. Because Mediterranean cuisine varies from
country to country and region to region, there is no one Mediterranean
diet. The Mediterranean diet, as it is commonly known, is characterized
by a high intake of nutrient-dense foods such as fruits, vegetables, whole
grains, legumes, nuts, and seeds; the essential source of monounsaturated
fat is olive oil as shown in figure 1.5f below. The diet is low in red meat
and animal products, high in omega-3 fatty acids foods like walnuts and
fatty fish, and moderately (or rarely) high in wine. (Estruch, R.et al.
2018)
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The Mediterranean Diet Pyramid
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Figure 1.5.2 The Mediterranean Diet Pyramid.

Type 2 Diabetes and Mediterranean Diet

Researchers in medicine and science have been interested in the impact
of the Mediterranean diet on general health for the past 80 years. Many
studies carried out over the past 20 years have demonstrated the benefits
of the Mediterranean lifestyle for those with type 2 diabetes mellitus or
those at risk of getting the disease, corresponding with the ongoing
global rise in type 2 diabetes incidence. Instead of being a set meal plan,
the phrase "Mediterranean diet" refers to a way of life, with the dietary
practices followed in traditional Mediterranean countries being linked to
a lower risk of cardiovascular events and it demonstrated how the
Mediterranean diet lowers the risk of metabolic syndrome and type 2
diabetes. (Salas-Salvadoet al. 2014).

Chronic hyperglycemia, which is brought on by decreased insulin
secretion from pancreatic B-cells and/or insulin resistance (IR) in cells, is
the main physio-pathological mechanism behind type 2 diabetes. This
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suggests either insufficient insulin production or an inability of insulin to
get glucose into the cells, or both. In either case, the final effect is a
disruption of the metabolism of proteins, fats, and carbohydrates, which
ultimately causes macro- and microvascular issues. Apart from
hereditary disorders, various other factors can impact the appropriate
release of insulin by B-cells.

As was already mentioned, numerous researchers have discovered that
the Mediterranean diet is beneficial for T2D. Reduced central obesity
can lead to a decrease in chronic diseases like type 2 diabetes that are
associated with obesity. In fact, for sustained weight loss, this diet is
better than low-fatones.

Additionally, in comparison to other low-energy dietary strategies, it is
linked to a significant improvement in insulin resistance in obese
patients. Consequently, the benefits of T2D must be related to the
makeup of the Mediterranean diet rather than the number of calories
consumed. Furthermore, even while the individual effects of the various
dietary components might not be significant enough to be noticed, their

combined influence might be. (Kastorini, C. M.et al. 2011).

Low-carbohydrate and ketogenic diet

Lately, there has been a surge of curiosity regarding the effects of low-
carb and ketogenic diets on weight reduction, diabetes management, and
enhanced endurance and strength in sports. Because of the severe
carbohydrate limitation, medical specialists continue to disagree with
this diet. Dietary carbohydrate portion control consistently lowers
elevated blood glucose since it is the main macronutrient that affects

blood glucose levels. The food pyramid of this diet is shown below in
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the figure 1.5e. However severe carbohydrate restriction may raise the
risk of hypoglycemia in diabetics, particularly in those receiving insulin
and insulin secretagogues (sulfonylureas and incretin-based treatments).
(Hallberg, S. J.et al. 2019). Few studies have demonstrated the benefits
of very low-carb or ketogenic diets (less than 50 grams of carbohydrates
per day); nevertheless, these diets are only appropriate for three to four
months, depending on the individual. The ketogenic diet forces the body
to use fat as its primary fuel source, simulating the metabolic effects of
fasting. It is high in fat and low in carbohydrates. By simulating fasting,
the ketogenic diet induces a condition of ketosis in the body's
metabolism. Instead of a condition of glycolysis, where the majority of
the body's energy comes from blood glucose, ketosis is a metabolic state
where the majority of the body's energy comes from ketone bodies in the
blood. Restricting carbohydrates causes the pancreas to release fatty
acids from fat cells. These fatty acids are then absorbed by the liver,
where they are transformed into ketones and released into the

bloodstream. (Athinarayanan, S. J.et al.2019).
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KETOGENIC LOW CARB DIET FOOD PYRAMID
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Figure 1.5.3 the low-carbohydrate ketogenic food pyramid.

Vegan Diet

People who follow plant-based and vegetarian diets have a
comparatively low prevalence of diabetes, and clinical trials utilizing
these diets have demonstrated advantages in cardiovascular health and
glycemic management. A vegan diet excludes all animal products and
meat, as well as any additional animal fats used in cooking as shown in
below Figure 1.5¢ of the food pyramid of a vegan diet Numerous effects
of a low-fat plant-based diet on nutrient intake and body composition
may have an impact on insulin sensitivity. Firstly, because these diets are
strong in fiber and low in fat, they usually result in reductions in calorie
consumption and dietary energy density, which are not sufficiently offset
by increased food intake. When meat is eliminated and replaced with
foods high in carbohydrates, the intake of carbohydrates normally rises.

(Kahleova, H.et al. 2017).
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Figure 1.5.4 Food pyramid of the vegan diet.

1.5.4Eating Behavior

People develop consistent habits in their daily approach to food,
adjusting the amount consumed based on the various functions it can
have for them (Cavazza & Guidetti, 2020). Besides responding to
physiological signals of hunger and satiety, eating can become a means
to regulate emotions, control body weight, and respond to environmental
stimuli. Three main eating styles are commonly considered: emotional

eating, external eating, and restrictive eating.

Emotional eating refers to the tendency to consume food excessively in
response to negative emotions, such as anxiety (Cavazza & Guidetti,
2020). This concept has roots in psychosomatic theory, which suggests

that "emotional eaters" respond to stressful situations by increasing food
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intake, often oriented towards sweet and high-calorie foods, aiming to
obtain comfort and a connection with positive memories. Studies have
shown that individuals with emotional eating behaviors tend to consume
fewer vegetables, which is associated with a higher risk of obesity and

diabetes (Denney-Wilson et al., 2008).

External eating is the propensity to eat in response to environmental or
social cues related to food (Cavazza & Guidetti, 2020). This definition is
influenced by Schachter's externality theory, which posits that obesity is
related to individual differences in responsiveness to external stimuli,

thereby contributing to overeating and weight gain.

Restrictive eating refers to the tendency to consume less food than
desired to lose or maintain a particular body weight (Dakanalis et al.,
2012; Dakanalis et al., 2013; Van Strien & Oosterveld, 2008). This
concept derives from Herman and Polivy's (1980) theory of restrained
eating, suggesting that those who consistently restrict their food intake
may periodically succumb to episodes of overeating, generating
vulnerability to dietary disinhibition (Cavazza & Guidetti, 2020). These
eating styles, therefore, represent dysfunctional ways of relating to food,
with consequent disadvantages for individual health and well-being,

often interconnected.

1.5.5Eating Disorders Associated with Obesity

Eating behavior results from the integration of biological signals with
psychological factors, leading to disorders with prolonged effects on

health and psychosocial balance, as established by the latest revision of

32



the Diagnostic and Statistical Manual of Mental Disorders (DSM-5).
Some of these disorders are closely associated with weight gain and
obesity; they have variable courses and outcomes, from brief episodes
that resolve spontaneously to lifelong pathologies that shorten and

reduce the overall quality of life (American Psychiatric Association,

2013).

Psychosocial stress, partly due to the stigmatization of people with
obesity, contributes to the development of disordered eating behaviors,
leading these individuals to social isolation, reduced access to
healthcare, and decreased physical activity—all factors that worsen
obesity and create further barriers to changing dysfunctional behaviors.
Stress-induced eating, as well as emotional eating, predisposes
individuals to eat in response to negative emotions, mainly energy-dense

and nutrient-poor foods (Dakanalis et al., 2023).

The alteration of appetite during a period of stress is a common
experience and seems to play a fundamental role in determining the final
eating behavior for each individual (Sambal et al., 2021). In reality, it is
not only stress that determines a variation in eating behavior, but also
other emotions, moods, or external situations can generate deviations
from habitual eating behavior and hinder the control of thought and

reason over food intake, allowing the unconscious component to prevail.

Several terms have been coined in recent years to describe some types of
disturbed eating behaviors that are not officially pathological. Among
those related to obesity are hyperphagia (constant excess food intake not

considered a binge), selective cravings (sweets, chocolate, etc.), grazing
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(nibbling), and food addiction. Alongside these unspecified eating

disorders, recognized conditions by the DSM-5 include:

Binge Eating Disorder (BED): Characterized by recurrent episodes of
excessive food intake in a compulsive manner, often accompanied by
feelings of anxiety, shame, disgust, and guilt towards oneself.

Bulimia Nervosa: With or without purging behaviors.

Night Eating Syndrome (NES): Characterized by recurrent episodes of
uncontrolled eating and a constant focus on food, manifesting with food
intake during nighttime, typically after waking up or due to difficulty
falling asleep, or excessive food consumption after the evening meal.
Anorexia Nervosa: Characterized by an intense fear of gaining weight, a
distorted body image, and severe caloric restriction leading to

dangerously low body weight.

1.5.6 The Effectsof Eating Behavior on Diet, Obesity, Diabetes, And
Body Composition

Eating habits significantly influence diet, body composition, obesity, and
diabetes. Studies reveal that a range of physiological, psychological,
environmental, and social variables impact eating patterns from
childhood, shaping future food choices and health consequences
(Bellisle et al., 2003). High-calorie foods and sweets have a substantial
impact on fat accumulation and the development of diabetes. Consuming

high amounts of these foods can lead to an increase in body fat and
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contribute to the onset of diabetes due to their effects on insulin

sensitivity and metabolic processes (Bhardwaj et al., 2023).

Disinhibition, a psychological trait characterized by a lack of control
over eating, has been positively correlated with a higher body mass
index (BMI) and body fat percentage, contributing to obesity (Denney-
Wilson et al., 2008). Moreover, fast food consumption and eating until
full have been associated with a higher risk of being overweight,
emphasizing the significance of mindful eating practices in managing

weight and preventing disease (Denney-Wilson et al., 2008).

Physiological elements such as hunger, satiety, and satiation greatly
influence human eating behavior. These factors determine the types and
quantities of food consumed, affecting the overall quality of the diet and
body composition. Persistent dietary restriction and disinhibition are
psychological traits that significantly impact eating habits, potentially
leading to obesity and associated health problems by encouraging

overeating or poor dietary choices (Bellisle et al., 2003).

Environmental factors, including portion sizes and food-related cues, can
affect eating habits regardless of hunger. Continuous exposure to food
and large portion sizes can cause excessive consumption, impacting
body weight and health. Socioeconomic factors such as income and
educational attainment also influence food choices and consumption
patterns. A higher risk of obesity is linked to lower income and
education levels, highlighting the influence of socioeconomic inequality

on diet-related health issues (Bellisle et al., 2003).
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The capacity to choose health-promoting foods depends on various
biological and physiological factors, including current life stage, past
developmental experiences, and the food environment. A significant
factor contributing to higher calorie intake and increased food
consumption rates is eating speed. Reducing food consumption rates and
calorie intake through methods like product reformulation can be
facilitated by understanding the neuroscience of eating behavior.
Chronic illness complications may exacerbate obesity, underscoring the

need to research eating habits in relation to nutrition and well-being

(Stover et al., 2023).
1.5.7 Cognitive Behavioral Therapy in Eating Disorders:

Cognitive Behavioral Therapy (CBT) is widely regarded as one of the
most effective treatments for eating disorders, including bulimia nervosa,
binge eating disorder, and anorexia nervosa. CBT focuses on addressing
the maladaptive behaviors and cognitive distortions that contribute to
disordered eating. These distortions often involve rigid dieting, binge
eating, purging, poor self-esteem, and body dissatisfaction (Wilson et al.,

2007).

The CBT approach to treating eating disorders involves several stages.
The initial phase aims to engage the patient in treatment, enhance
motivation, and provide education about the disorder and the rationale
for the therapeutic techniques. This stage often includes establishing
regular eating patterns and addressing the immediate behaviors
associated with the disorder, such as binge eating and purging (Mitchell

et al., 2008).
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As treatment progresses, CBT focuses on identifying and challenging the
negative thoughts and beliefs about food, weight, and body image that
sustain the disorder. Techniques such as cognitive restructuring help
patients to recognize and alter these dysfunctional thoughts. Behavioral
strategies are also employed to encourage the adoption of healthier
eating habits and coping mechanisms, thereby reducing the reliance on

maladaptive behaviors (Thompson-Brenner et al., 2013).

One of the critical components of CBT for eating disorders is relapse
prevention. This involves preparing the patient for potential challenges
and setbacks by developing skills to manage stress and other triggers
without resorting to disordered eating behaviors. This stage also includes
creating a long-term plan to maintain progress and prevent relapse,
ensuring that the patient can sustain healthy eating patterns and a

positive self-image after the conclusion of therapy (Lock et al., 2013).

Research has demonstrated the efficacy of CBT in significantly reducing
the symptoms of eating disorders and improving overall psychological
well-being. For example, a meta-analysis by (Linardon et al. 2017)
found that CBT was effective in treating a broad range of eating
disorders, showing significant improvements in patients' eating
behaviors and cognitive distortions. Additionally, CBT has been adapted
to be more inclusive of various eating disorders, with tailored protocols
that address specific needs and comorbid conditions, making it a
versatile and comprehensive approach to treatment (Grilo & Mitchell,
201T1). Other studies have also highlighted the benefits of CBT in terms

of long-term recovery and relapse prevention (Wonderlich et al., 2014).
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CBT's structured and systematic approach, combined with its focus on
both behavior and cognition, makes it particularly well-suited for
addressing the complex and multifaceted nature of eating disorders. By
targeting the underlying psychological issues and providing practical
strategies for behavior change, CBT offers a robust framework for
helping individuals achieve long-term recovery from eating disorders

(Fairburn et al., 2003; Cooper & Fairburn, 2008).
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2. AIM OF THE THESIS

Type 2 diabetes mellitus (T2DM) and insulin resistance currently pose
critical public health challenges, with a significant increase in cases both
in Western and developing countries. This trend is associated with an
increase in disabilities, social stigmatization, higher healthcare costs, and
a reduction in both overall quality of life and life expectancy.

While the importance of genetic and metabolic predisposition, along
with the interaction with the obesogenic environment, is recognized in
the development of overweight and obesity, exploring this phenomenon
requires a multidisciplinary perspective that spans physiology,
psychology, and human behavior.

The analysis and identification of eating behaviors play a fundamental
role in the in-depth understanding of individual variations in the
tendency to overeat and the complex causes of overweight and obesity.
Despite established knowledge about the eating habits of the population,
significant gaps remain in understanding the eating habits related to the
development of diabetes.

In this context, this thesis aims to directly analyze newly diagnosed
T2DM patients, focusing on observing adherence to the Mediterranean
Diet, lifestyle, eating habits, and eating behavior prior to diagnosis. This
approach aims to provide a detailed analysis for a deeper understanding
of the dietary factors related to the onset of T2DM, with the goal of
contributing to defining more effective preventive strategies and

interventions.
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3. MATERIALS AND METHODS

3.1_Study Population

The study included new patients diagnosed with type 2 diabetes within
the past three months following the European Association for the study
of Diabetes (EASD) guidelines (glycaemia > 126 mg/dL or Hbalc >
6,5% in two separate measurements). Patients were selected by the
SCDU Endocrinology Department at their firsts endocrinological
visits.Patients that were in doubt for other types of diabetes (such as
LADA) were further excluded from the analyses if the different
diagnosis was confirmed through blood tests (antibodies and c-peptide)
in the subsequent days. Permission was obtained from all participants

prior to the interviews.
3.2 Inclusion and Exclusion Criteria
Inclusion Criteria:

Newly diagnosed with type 2 diabetes (within the past three months).
First endocrinological visit.
Consent to participate in the study and complete questionnaires.

Age between 18 and 85 years

Exclusion Criteria:

Previous diagnosis of diabetes for more than three months

Inability to provide consent
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Any medical condition that prevented the participation in the study

3.3 Blood Tests

Blood tests were conducted prior to the visit autonomously by the patient
and indicated by the family doctor or other specialists to undergo a
diabetologic visit.

The exams were always including :

-Glycamemic profile. Glucose and Glycated hemoglobin (Hbalc) are
fundamental for a correct diagnosis. Hbalcis a kind of hemoglobin (Hb)
that has a chemical bond with a sugar. When present in the circulation,
the majority of monosaccharides, such as glucose, galactose, and
fructose, naturally (i.e., non-enzymatically) bind with hemoglobin.

An excessive amount of sugar in the bloodstream is indicated by the
creation of the sugar-hemoglobin linkage, which can be a sign of
diabetes or other high-concentration hormone illnesses. As already said,
EASD and other international guidelines reached a consensus on the
cutoffs (Figure4):

-Less than 5.7% means no diabetes.

-5.7% to 6.4% signals prediabetes.

-6.5% or higher usually indicatesdiabetes (of any kind).
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Figure3.1.example of the glucose levels and theGlycated hemoglobin numbers.

Kidney function: creatinine and microalbuminuria;

Lipid profile: Total cholesterol, HDL, LDL and tryglicerides;
Liver profile: Aspartate Aminotransferase (AST), Alanine
Aminotransferase (ALT), Gamma-Glutamyl Transferase (GGT);
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3.4 Nurse Visit (Anthropometry and Blood Pressure)
Anthropometry:
Measuring Weight:

Patients were measured using a calibrated scale (sensitivity of 0.1 kg)
and a stadiometer(Wunder Sa.Bi. srl). Weight was recorded after
ensuring the patient remained still on the scale, wearing minimal

clothing, and without shoes.

After the scale stabilized, nurses recorded the weight shown on it to
obtain the most accurate measurement. For diabetic patients to manage
their disease and to keep track of any changes that can have an effect on

their health, it is imperative that their weight be regularly monitored.
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Figure 3.2 .Example.Mechanical Height and Weight Scale Medical Personal Scale.

Measuring Height:

At the same time, after the weight measurement process, after asking the
patients to take off their shoes, hats, and any heavy clothing or
accessories, their height was also measured. They were instructed to look
straight ahead while maintaining their heads in the Frankfort horizontal
plane (a horizontal line that should run parallel to the floor from the ear

canal to the lower edge of the eye socket).

Measuring the waist circumference:

A standard measuring tape and a level platform for the patient to stand
on were required in order to take a diabetic patient's waist circumference
measurement. The measurement of the waist circumference is made by
measuring the circumference of the abdomen, taking into account both
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the superior iliac spines and the anterior abdominal wall's umbilical

point.

Figure 3.3. Body Mass Index Meter.

During the measurement, we were making sure the patient was standing
upright, with their feet together and their arms at their sides. The
measurements were obtained at the conclusion of a typical exhale, with
the measuring tape tight but without squeezing the skin. To guarantee
accuracy, we have repeated the measurement two or three times. The
final waist circumference figure is determined by averaging the

measurements.
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Figure.3.4The correct way to measurethe waist circumference

e Blood Pressure:

Blood pressure was measured using a device called a
sphygmomanometer. which consists of an inflated cuff and a pressure
gauge. In order to momentarily block the blood flow in the artery, the
cuff is inflated and placed around the upper arm at heart level. Using a
stethoscope over the arm artery, the nurse listens for blood flow noises
while the cuff deflates. During the procedure, the nurse records the
following two measurements: the diastolic pressure, which measures the
pressure in between heartbeats, and the systolic pressure, which
measures the pressure while the heart beats. Two numbers are used to
record blood pressure: the top number is the systolic pressure, and the
bottom number is the diastolic pressure. An example of this would be
120/80 mm Hg.Prior to collecting the blood pressure reading, we were
making sure that the patients were in a comfortable posture with their

backs supported and their feet flat on the floor.
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Figure 3.5. BLOOD PRESSURE MONITOR

3.5 Medical Visit

During the medical visit, the doctor:

* Reviewed the patient's medical history;

* Conducted a physical examination;

 Discussed the results of the blood tests and
anthropometricmeasurements and eventually declared a diabetes
diagnosis;

» Provided medical advice and treatment plans for managing diabetes.

3.6. Questionnaires

The patients completed three questionnaires with the help of a
nutritionist and students after the nursing visit. The questionnaires
covered a comprehensive range of commonly consumed foods in Italy
and their respective quantities. Special attention was given to framing

the questions to focus on the period prior to the onset and diagnosis of
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type 2 diabetes. Three different questionnaires were administered to the
patients:

-INRAN questionnaire for eating habits and lifestyles.

-The PREDIMED.

-Dutch Eating Behavior Questionnaire.
3.6.1INRAN Questionnaire for Eating Habits and Lifestyles

The INRAN Questionnaire for Lifestyles and Eating Habits, developed
by the National Food and Nutrition Research Institute (INRAN), is a
valuable tool for thoroughly evaluating lifestyles and dietary habits in

scientific research.

0

Questionario per la valutazione degli stili di vita e le abitudini alimentari
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Figure3.6.The INRAN Questionnaire for Lifestyles and Eating Habits
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The questionnaire is structured into four sections:

General Information: This section collects basic details about the
participant.

Physical Activity: This section includes questions about how often and
what types of physical activities the participant engages in.

Eating Habits: This section explores various aspects of eating habits,
such as where pastries are consumed, the type of diet followed, and the
use of dietary supplements.

Food Consumption Frequency: This section gathers detailed information
about how often the participant consumes different basic food categories
and the typical portion sizes. These categories include fruits and
vegetables, cereals, protein-rich foods (like meat, fish, eggs, dairy
products, and legumes), nuts, sweets, alcoholic beverages, and sugary
drinks.

To sum up, the INRAN Questionnaire is marketed as an easy-to-use yet
comprehensive instrument that enables researchers to carefully analyze
eating patterns and furnish essential data for evaluating nutritional
consequences. Promoting a healthy lifestyle is the goal.(Leclercq, C.et

al. 2009)
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Frequenze di consumo per gruppi di alimenti

Per ogni riga riempire una sola casella, indicando quante volte veng i gli ali
corrispondenti.
Numero di volte ]
B fcs Giorno | Settimana | Mese | Mai
Con quale frequenza consumo;
(barrare)

Cereali ¢ derivati?
Es: pasta, riso, panc, pizza, farto, orzo, cte,

Prodotti a base di cereali?
Es: cornflakes, biscotti, fette biscottate, cracker ete.

3 | Carni fresche?

Carni trasformate?
Es: prosciutto, salame, wurstel, ete.

Pesce, e altri prodotti della pesca?
Es: spigola, polpo, gamberi.

6 | Latte ¢ yogure?

Prodotti lattiero caseati?
Es: formaggi freschi e stagionati.

8 | Fruea fresca?

+ | Frutta secca?
9 A .
Es: noci, nocciole, mandorle.

10 Ortaggi o Verdura?
Es: Jattuga, radicchio, indivia, spinaci, bietole, etc.

Legumi?
Es: fagioli, lenticchie, piselli, ceci

12 | Uova?

Dolci?
Es: torte, gelati, cioceolaro, ete.

Bevande gassate?
Es: Coca cola, gassosa, aranciata, etc.

olololololololololololololo o
0lolololololo/olo|ololololo|o
ololo/olololo|o|olalalalola|g

Bevande alcoliche?
Iis: vino, birra, superalcolici, etc.

O|0|0|0jojolo|ojojojo[oloo|o] &
10|0|0|0|0|0|0|0|0|0|0|0|00 |0

Figure3.7.Questions from The INRAN Questionnaire for Lifestyles and Eating Habits.

3.6.2 The PREDIMED

PREDIMED questionnaire was initiatedand developed by a team of
scientistsas part of the PREDIMED study which began in the early
2000s to evaluate the adherence to the Mediterranean Diet on the
primary prevention of cardiovascular diseases..(Ros E&Martinez-

Gonzalez MA, et al.2014). it Includes 14 questions. Some of them deal
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with eating habits (e.g., favoring white meat over red or using olive oil

as the main cooking fat source), while others address the frequency of
food consumption (e.g., the frequency of weekly consumption of nuts or
carbonated/sweetened drinks). Each item received a score of O or 1, with
one point given for behaviors that align with the Mediterranean Diet,
such as regularly consuming fruits and vegetables, preferring white meat,

or using olive oil.(Martinez-Gonzalez MA et. al 2012)

The questions involve the usage of olive oil, the intake of fruits,
vegetables, red meat, animal fat, sugary beverages, red wine, legumes,
fish, sweets, nuts, andmeals with classic tomato sauce, garlic, onion, or
leeks sautéed in olive oil. The overall adherence to the Mediterranean
diet was assessed using the PREDIMED final score, which varied from 0
to 14. A total score equal or below five represents poor adherence; six to

nine is moderate; and ten or above is good adhesion.
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1. Utilizza olio extravergine di oliva come principale condimento in cucina? silno0

2. Quanto olio utilizza (compreso l'olio usato per friggere , insalate, etc) >4 cucchiaini=1
3. Quante porzioni di verdura consuma al giorno? (1 porzione : 200 g) >2 porzioni=1
4. Quanti frutti (compresi i succhi di frutta naturali) consuma al giorno? =3 porzioni=1

5. Quante porzioni di carne rossa, hamburger, o di prodotti a base di carne
(prosciutto, salsicce, ecc), consuma al giorno? (1 porzione: 100-150 g) <1 porzioni=1

6. Quante porzioni di burro, margarina o grassi animali consuma al giorno?

(1 porzione: 12 g), <1 porzioni=1
7. Quante bevande zuccherate o gassate bevi al giormo? <1 porzioni=1
8. Quanto vino bevi alla settimana? =7 bicchieri=1
9. Quante porzioni di legumi consuma a settimana? (1 porzione: 150 g) =3 porzioni=1

10. Quante porzioni di pesce o frutti di mare consuma a settimana?
(1 porzione 100-150 g di pesce o 4-5 unita o 200 g di frutti di mare ) >3 porzioni=1

11. Quante volte alla settimana consuma dolci o pasticcini commerciali
(non fatti in casa), come torte, biscotti , biscotti, 0 crema pasticcera? <3 porzioni=1

12. Quante porzioni di frutta secca (noci, arachidi), consuma a settimana?
(1 porzione 30 g) >3 porzioni=1

13. Preferenzialmente consuma carni bianchi quali pollo, tacchino o coniglio
al posto delle carni rosse quali vitello, maiale , hamburger o salsicce? silno0

14. Quante volte alla settimana consuma verdure, pasta, riso o altri piatti conditi con
soffritto (salsa fatta con pomodoro e cipolla, porro, o aglio e cotto con olio d'oliva )? =2 porzioni=1

Figure 3.8. Questions from the PREDIMED questionnaire.

3.6.3Dutch Eating Behavior Questionnaire (DEBQ)

The DEBQ was developed by Van Strien in 1986. It is a widely used
tool to assess eating behavior, focusing on emotional eating, restrained
eating, and external eating styles. It has been translated into various
languages, including Dutch, Turkish, and Romanian, to assess eating
behaviors in different populations, such as university students,
preadolescents, and adults.(Cebolla A&Barrada JR van Strien TOliver
& Baiios R.et al. 2014)
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It is a self-assessment scale composed of 33 questions for assessing three
eating behavior domains:

-The restrained subscale (10 questions),

-The emotional eating subscale (13 questions),

-The external eating subscale (10 questions).

Restrained eating behavior is characterized by an ability to consciously
limit food intake in order to control energy intake as well as the types of
foods consumed, either to avoid weight gain or to encourage weight loss.
Emotional eating behavior: the tendency to overeat when experiencing
negative mood states, such as loneliness, depression, or anxiety.
External eating behavior: the propensity to overeat in response to

attractive meals.

/ DBQ-P
Dutch Eating Behaviour Questi ire, ione per

Data:

Nome e cognome: Sesso:

Data di nascita: n. P i nucleo famigli

Professione:

Indirizzo e-mail: ___n. telefono:

1) Se & aumentatola di peso
mangia meno del solito?

E— =

| Mai  |Raramente | Avolte | Spesso :::"':’u i,,,_':::,,,

mangiare meno di quanto
vorrebbe?

3) Quanto spesso rifiuta cibi
| o bevande offertiglifle
| perché preoceupatola del l
| proprio peso? -

| 4) Fa attenzione esattamente ‘

a cosa mangia? ‘
) Mangia di proposito

alimenti “dimagranti"?

6) Quando ha manglato |
troppo mangia meno del |
mi seguenti? | -t =

7) Mangia meno di proposito
per non aumentare di peso?

Figure 3.9 Questions from the Dutch Eating Behavior Questionnaire (DEBQ).
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On a 5-point rating scale ranging from "never" to "very often,"
participants were asked to assess how frequently they felt the need to eat
in reaction to certain emotions.

The thirty-three questions on the DEBQ fall into three different
categories: containment (questions like "Do you purposefully eat less to
not get heavier?"), external feeding (questions like "Do you eat more
than usual when you see others eating?"), and emotional nutrition
(questions like "Do you want to eat when you're irritated?"). With the
exception of one question that has a reverse score ("Do you know how to
eat delicious food?"), the response format is based on a Likert scale from
1 (never) to 5 (very often). The average scores of all the questions in a

single category are used to get the overall score for each category.

The questionnaires provided comprehensive data on patients' eating
behaviors, lifestyles, and adherence to dietary guidelines, which were
essential for understanding the relationship between eating habits, eating
behavior and the management of type 2 diabetes.(Cebolla A&Barrada
JR van Strien TOliver & Baiios R.et al. 2014)
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4 Statistical Analysis

All analyses were performed using the Statistical Package for the Social
Sciences, Version 26.0 (SPSS Inc., Chicago, IL, USA). Quantitative
variables were presented as means and standard deviations
(irrespectively on normal or non normal distribution) or absolute and
percentage frequencies for categorical variables. For certain variables,
differences between sexes were calculated using a Mann-Whitney U test.
Dietary pattern analysis was evaluated through Principal component
analysis (PCA). PCA replaces a set of possibly correlating food groups
with a new set of comprehensive indexes (principal components) that are
uncorrelated and retain as much of the foods’ variance as possible. The
sum of all factors for each individual always equals to 0. Linear
correlations were calculated using Spearman's correlation. Statistical

significance was set at p<0.05.
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S. RESULTS

All questionnaires were answered by 45 patients enrolled at the Unit of
Endocrinology between January and May 2024. After the medical
confirmation,38 final patients were included in our analysis since 3 patients
were found to be affected by LADA and 4 other patients were having
diabetes due to other causes (pancreasectomy or steroid therapy). The 38
patients, consisting of 24 men and 14 women, had an age of 65.0 years
(SD=10.6) (Table 1). Body weight was 83.9 + 17.5 kg and BMI was 29.9 +
5.3kg/m’ indicating that most of the participants were overweight (42.1%)
or had obesity (44.7%)(Table 1; Figure.4.1).

BMI distribution in the sample

15-
B Normal weight

” E3 Overweight
© 10 mm Obesity
Iy
o
w
Y
O 5.
z

0-

Male Female

Figure 4.1. Distribution of BMI among the sample

TABLE 1. General characteristics, diseases and anthropometry
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PARAMETERS Mean Standard deviation
Age (years) 65.03 10.60
Weight (kg) 83.95 17.54
Height (cm) 167.26 9.37
BMI (kg/m’) 29.91 5.32
Waist circumference (cm) 107.16 14.55
N° of family members 2.74 1.54
Frequency
Gender Female = 14(36.8%)
Male = 24(63.2%)
Smoke NO =31(81.6%)

YES = 7(18.4%)

Diabetes familiarity

NO =12(31.6%)
YES =26(68.4%)

Arterial hypertension

NO =7 (18.4%)
YES = 31 (81.6%)

Total comorbidities (n°)

0=1(2.6%)

1=8 (21.0%)
2=5(13.1%)
3=16(42.1 %)

4 or more = 8 (21.0%)

88% of patients had a waist circumference higher than the reference

parameters. The waist circumference was 107.2 £ 14.5 cm.
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More than 40% of patients were showing the presence of at least 3
comorbidities, with dyslipidemia, arterial hypertension and heart disease as

the most common. The prevalence of arterial hypertension was 81.6%.

4.1 Biochemical parameters

The mean HbA ¢ value of 8.4% and mean fasting blood glucose level of
177.22 mg/dL were far from perfect glycaemic control, as expected. GGT
(57.8 U/L £+ 54.7) was above the upper normal range. Lipid profile mean
values were generally within the ranges, with a moderate prevalence of low
HDL (21%) and hypertrigliceridemia (37%). Uric acid was at normal range,
and also kidney functionality was generally retained (¢GFR = 85.4 + 18.2).

Microalbuminuria was relevant in 17 % of patients.
Table 2 represents biochemical parameters at the first visit.

TABLE 2. Biochemical parameters

Parameters Mean Standard deviation
Hbalc (%) 8.39 1.87
Glucose levels (mg/dL) | 177.22 78.63
AST (U/L) 25.23 10.13
ALT (U/L) 31.35 20.83
GGT (U/L) 57.76 54.72
(lefg*}:ig‘“'e“e"‘“ 167.91 50.07
zg;;d%’“le“eml 51.87 1735
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LDL Cholesterol

(mg/dL) 85.96 43.25
Triglycerides (mg/dL) 140.71 68.67
Uric Acid (mg/dL) 5.21 1.20
eGFR 85.37 18.18
Pathological Yes =174 %
microalbuminuria No =82.6%

Hbalc: glycated hemoglobin; AST: aspartate aminotransferase; ALT alanine aminotransferase; GGT
gamma-glutamyl transferase; HDL: high density lipoprotein; LDL: low density lipoprotein; eGFR =

estimated glumerular filtration rate

4.2 Eating habits
TABLE 3. Food habits from PREDIMED questionnaire
Predimed Mean Standard
deviation
Total Predimed score 7.42 2.33
Adherence class Low adherence =7 (18.4%)
Medium adherence = 23
(60.5%)
Good adherence = 8 (21.1%)
Single answers Frequency
USE OF EVOQO as preferential fat Yes (1) 33 (86.8%)
source
No (0) 5 (13.2%)
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How much EVOO is used

How many vegetables are consumed
daily

How many fruits are consumed daily

Consumption of Red meat and
processed meat at least 1 serving
perday

Butter/ margarine/ creams consumed at
least once daily

Sweets /sweet beverages consumed at
least once daily

1 glass of winedaily

3 legumesservings per week

At least 3 servings of seafood per week

Less than 4
spoon (0)
At least 4
spoon (1)
Less than 2
servings (0)
At least 2
servings (1)
Less than 3
servings (0)
At least 3
servings (1)

Yes (0)

No (1)
Yes (0)
No (1)
Yes (0)
No (1)
Yes (1)
No (0)
Yes (1)
No (0)
Yes (1)

No (0)

13 (34.2%)
23 (65.8%)
26 (68.4%)
12 (31.6%)
22 (57.9%)

16 (42.1%)

12 (31.6%)

26 (68.4%)
4 (10.5%)

34 (89.5%)
11 (28.9%)
27 (71.1%)
11 (28.9%)
27 (71.1%)
15 (39.5%)
23 (60.5%)
13 (34.2%)

25 (65.8%)
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Ultra-processed sweets per week Less than3 (1) | 12 (31.6%)
More than 3 26 (68.4%)
0)
At least 3 servings per week of nuts, Yes (1) 15 (39.5%)
seeds
No (0) 23 (60.5%)
White meat > red meat Yes (1) 21 (55.3%)
No (0) 17 (44.7%)
At least 2 servings per week of rice,
pasta, or cereals with “soffritto” Yes (1) 22 (57.9%)
seasoning
No (0) 16 (42.1%)

The PREDIMED questionnaire has been used to assess Mediterranean diet
adherence (Table 3). Results indicated an average score of 7.4 + 2.3 points. 7
patients (18,4%) displayed allow adherence to the Mediterranean diet,
23(60.5%) had a medium adherence and 8 (21.1%) of patients adhered well
to the Mediterranean diet well.

Mediterranean diet principles were supported by a high use ofextra virgin
olive oil (86.8% of subjects using it as main added fat) and low consumption

of butter, margarine, and creams(10.5% consuming them daily).

68.4% of patients consumed less than 2 servings of vegetables daily and
57.9% of patients consume less than 3 servings of fruits daily.
Moreover, 31.6% consume at least one serving daily of red meat and

processed meat and 55.3% were prioritizing white meat over red meat.
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The consumption of at least three times a week of seafood (34.2%), legumes

(39.5%) and nuts (39.5%) was low. 57.9% consumedrice, pasta, or cereals

with "soffritto" seasoning at least twice a week, reflecting a common dietary

practice in the Mediterranean Diet.

On the other hand, dietary habits have been investigated more deeply
through the use of the INRAN questionnaire (Table 4)

TABLE 4. Food habits (INRAN FFQ) servings per day

Food frequency Mean Standard deviation
INRAN
Cereals

2.00 0.86
Cereal based

0.96 0.71
Meat

0.56 0.36
Processed meat

0.42 0.27
Fish and seafood

0.24 0.13
Milk and yogurt

0.73 0.66
Dairies

0.71 0.46
Fruit

1.73 0.85
Nuts

0.28 0.31
Vegetables

0.95 0.61
Legumes

0.31 0.28
Egg

0.26 0.26
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Sweets

0.95 0.87
Sugar sweetened
beverages 0.43 0.90
Alcoholic beverages

0.59 0.86

The low intake of seafood (0.24 servings/day), legumes (0.31 servings/day)

and nuts (0.28 servings/day), together with a low consumption of eggs (0.26

servings/day) was confirmed by food frequency data.

Particularly concerning was the high consumption of sweets (0.95

servings/day), sugar sweetened beverages (0.43 servings/day), processed

meat (0.42 servings/day) and the low consumption of vegetables (0.95

servings/day) and low fat dairies (0.73 servings/day).

The qualitative FFQ data were compared to suggested healthy frequencies

from the Italian“Consiglio per la ricerca in agricoltura e analisi

dell’economia agraria” (CREA), which advocates for specific frequencies of

consumption based on the Mediterranean diet principles. Comparison

between frequencies in our sample and CREA are showed in (Figure 4.2)
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Figure 4.2. Comparison between T2DM onset food frequency and CREA guidelines.

In our sample, patients had a relatively lower consumption of cereals
compared to guidelines (2 servings/day vs 3 servings/day) and a higher
consumption of cereal based processed products. Meat and processed meat
was higher, as well as for sweets, sugar sweetened beverages and high fat
dairies. Consumption of fish, nuts, eggs, low fat dairies, vegetables, fruits,

legumes and wine was registered lower than recommended.

4.3 Eating behavior
TABLE 5. Eating behavior synthesis scores from DEBQ

DEBQ PARAMETERS AVERAGE Standard.
Deviation

Restrictive eating 1.99 0.78
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Emotional eating 1.66 0.91

External eating 2.43 0.69

DEBQ data are resumed in Table 5.

External eating score was recorded to be the highest (2.43) among the three

eating behavior patterns, followed by restrictive eating (1.99) and emotional
eating (1.66). A high variance was registered among the sample in terms of

answers to the DEBQ questionnaire.
4.4 Food patterns

The analysis of food patterns was built to assess whether there was a trend in
consumption of a certain food in association with other food and which
patterns were the most iconic among our sample. Principal component
analysis (PCA) (Table 6) resulted in five main dietary patterns there were
classified based on most representative scores:

1 = Western pattern (high in grains, meat, milk, eggs and sweets)

2= Mediterranean pattern (high in fish, nuts and vegetables)

3 = Sweets pattern (high in cereal-based processed products, dairies, sweets
and sugar sweetened beverages)

4 = High proteins and alcohol pattern (high in meat, processed meat,
legumes and alcoholic beverages)

5 = Prudent, high fruit pattern (moderate consumption of dairies and high in

fruits).
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Table 6. Principal component analysis (PCA) scores for food groups for

each main dietary pattern

Rotated components matrix

Components
1 2 3 4 5
Grains 0.714 10.148 |0.248 |-0.157|-0.202

Grain processed products | 0.009 |0.148 | 0.819 |-0.044 | -0.159

Meat 0.569 |-0.319]0.212 |0.472 |0.250
Processed meat -0.129 [ -0.159 { 0.194 | 0.696 |-0.275
Fish 0.029 |0.580 |-0.148 | -0.139|0.377
Milk and yogurt 0.632 |0.234 |-0.192 | -0.022 | -0.181
Dairies -0.285(0.144 | 0.526 |0.231 |0.437
Fruit -0.013 [ -0.049 | 0.053 |-0.147 | 0.820
Nuts 0.158 | 0.797 |0.254 |-0.050|-0.134
Vegetables 0.052 {0.733 | 0.109 |0.073 |0.019
Legumes 0.173 [0.228 |-0.103 | 0.549 |0.320
Eggs 0.735 |-0.03210.068 |0.192 |0.370
Sweets 0.440 [0.094 |0.689 |0.023 |0.102

Sugar-sweetened beverages | 0.022 | -0.536 | 0.592 |-0.003 | 0.297

Alcoholic beverages 0.025 |-0.011 | -0.069 | 0.813 | -0.096

4.5 Gender differences

A separate analysis based on gender differences was conducted (Table 7) to
assess differences in eating patterns and behavior among genders. Women
displayed an higher emotional eating score (p<0.05) compared to men, but a
lower tendency to follow a “high proteins and alcohol” dietary pattern.

Table 7. Gender differences in dietary patterns and eating behavior
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Men (Mean = Women (Mean | P-value
SD) + SD)
Restrictive 2.03+0.83 1.92 +0.68 0.846
Emotional 1.40 £ 0.58 2.11+1.19 <0.05
External 240+ 0.62 2.50+0.83 0.731
Western pattern | 15 4 | (2 0.18 £ 0.97 0.249
factor
Mediterranean |, 9 4 () 97 0.14+ 1.07 0.474
pattern factor
fweets pattern -0.17 £ 0.96 0.25+ 1.04 0.186
actor
High proteins and
alcohol pattern 0.29+1.15 -0.43 £ 0.50 <0.05
factor
Prudent high fruit | ) 5, | ()5 -0.08 + 0.95 0.907
pattern factor

4.6 Correlations between measures

Western dietary pattern was found to be correlated with emotional eating (p
=0.406; p<0.05) and external eating behavior (p = 0.336; p<0.05). It was
also associated with higher levels of AST (p = 0.376; p<0.05) and ALT (p =
0.447; p<0.05). On the contrary, Mediterranean dietary pattern seemed to be
correlated with a higher restrictive eating behavior (p = 0.321; p = 0.06).
The restrictive eating behavior was correlated with a lower intake of sweets
and sugar sweetened beverages (p = 0.610; p<0.001) and a higher total
PREDIMED score (p =0.429; p <0.01)

Emotional eating behavior was positively correlated with external eating (p
=0.406; p <0.05), female gender (p = 0.336; p<0.05), grains (p = 0.379;
p<0.05) and sweets consumption (p = 0.441; p<0.01). It was also negatively
correlated with wine consumption (p = -0.522; p<0.001) and total alcoholic

beverages consumption (p =-0.423; p<0.01).
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External eating behavior was also positively correlated with smoke habit (p
=0.347; p<0.05), milk and yogurt (p = 0.322; p<0.05) and sweets
consumption (p = 0.442; p<0.01).
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6. DISCUSSION

This study focused on the analysis of patients recently diagnosed with
T2DM, with particular attention to adherence to the Mediterranean Diet,
lifestyle, dietary habits, and eating behavior prior to diagnosis through the
use of three simple questionnaires. The evaluation of disease-specific dietary
patterns and rating the level of dysfunctional eating allowed to categorize

T2DM patients based on a wider perspective.

Patients that answered our questionnaires were definitely not lacking of
problematic health conditions, with over 80% of the sample having
hypertension and almost 70% diagnosed with metabolic syndrome. The
dysregulation of neuro-humoral and neuro-immune systems, resulting in
chronic low-grade inflammation, is involved in the pathophysiology of both
insulin resistance and hypertension, and insulin resistance plays also a key
role in the pathogenesis and progression of hypertension-induced target
organ damage (Mancusi et al. 2020). In addition, the presence of prediabetes
and hypertension are most likely to predict the high prevalence of metabolic

syndrome in our sample.

Dietary habits were most likely the main responsible of T2DM onset, with
only 21% of patients that showed an high adherence to the Mediterranean
Diet and the majority reporting moderate or poor adherence.As regards
PREDIMED answers, the most detrimental data was the low prevalence of
patients consuming at least two portions per day of vegetables (31.6%) and
three portions (80g) of fruits (42.1%). A recent meta-analysis has confirmed
that fruit and vegetable intake is associated with a reduced risk of

developing T2DM and this is mainly due to the high presence of
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antioxidants and dietary fibers (Wang et al. 2016). As confirmed by the
INRAN FFQ, important foods such as legumes, fish and nuts intakes were
far below the recommended intakes and weekly frequencies. On the other
hand, we observed an high intake of processed and ultra processed products
(cereal based, meat, sweets and beverages) which have been recognized to
be enormously impactful in the genesis of prediabetes and T2DM. In
particular a recent review claimed that the consumption of sweet drinks and
salty processed foods could increase the risk of prediabetes by 248% and
48%, respectively, and the risk of T2DM by 219% and 600%, respectively,
compared to individuals who did not consume these products or had a rare

consumption ratio (Almarshad et al. 2022)

We also found a notable reduction in the consumption of milk and yogurt
compared to the recommended standards (32% of participants reported never

consuming them).

As widely supported by the literature, key elements of the Mediterranean
Diet, such as omega-3, whole grains, nuts, and moderate alcohol
consumption (wine), if integrated into the diet in a balanced manner, can
have a positive impact on systemic inflammation and cardiovascular risk
factors associated with type 2 diabetes (Martinez-Gonzalez M. 2008).
Furthermore, various studies indicate an inverse association between daily
dairy intake and T2DM, suggesting a beneficial effect of dairy consumption
in the prevention of T2DM (Aune D. et al., 2013). Schwingshackl L. and
colleagues (2017) confirmed that increased consumption of vegetables,
fruits, and dairy, and reduced consumption of red and processed meats and

eggs, can lead to a significant reduction in the risk of T2DM.ok up to here
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Furthermore, studies have shown that emotional stress, including depression,
is associated with increased emotional eating, and that eating caused by
depression, anxiety/anger, and boredom is related to worse psychological
well-being, more severe eating disorder symptoms, and more emotion
regulation complications. However, eating caused by positive emotions was
not related to negative outcomes. Emotional eating 1s a multidimensional
feature, and it is important to consider it as a multidimensional issue. In
addition to the general emotional stress, anxiety, sleeping problems, anger,
and hostility, is associated with an increased risk for developing type 2
diabetes mellitus, showing that when individuals experiencing a chronic
emotional stress are more likely to develop type 2 diabetes. .(Pouwer, F, et
al.2010). In our sample, women showed higher scores in emotional style
than men. This suggests a potential difference in emotional management of
food between the two genders. Infact, on the opposite side, we not only
found that men were more likely to follow a dietary pattern rich in alcohol
and high protein meals, but also that alcohol consumption was negatively
correlated with sweets intake and emotional eating. Some articles conducted
on university students confirm this trend, hypothesizing that both emotional
eating and alcohol consumption should be considered as addictions, but they
are associated with different psychosocial contexts. In particular, emotional
eating appear more associated with anxiety and depression, while alcohol
has a strong external factor, especially in young people, since it forms a part
of the recreational culture (ILopez-Moreno et al. 2021; Marchena-Giréaldez
et al., 2014). Indeed, our population was mainly composed of older people
and for this reason we believe that the alcohol consumption mainly stands as

an addiction in our sample.
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On the other hand, no significant gender differences emerged for the external
and restrictive styles, but emotional eating resulted to be linked to external
eating, highlighting that the lack of self control and a high impulsiveness
could be key factors that determine these kinds of eating behaviors (ILopez-

Moreno et al. 2021).

The results of this study are consistent with the conclusions of the article by
Dakanalis and colleagues (2013), who observed that in Italy external eating
is prevalent, followed by restrictive and emotional eating, reflecting what
was found in the analyzed data. Furthermore, the same study shows that
older people, compared to younger ones, exhibit lower levels of emotional

eating, a result consistent with the average age of our patients,
Study limitations

However, the discrepancy between these dietary principles and the eating
habits of diabetic patients indicates the need for further studies. In fact, the
analysis of consumption frequency does not provide details on the actual
quantities consumed by each individual in each food category, as portion
sizes were estimated, but it offers a general overview. Evaluating the quality
of individual dietary habits, on the other hand, would require further
investigation to obtain a more complete understanding of eating behaviors
and their relationship with the risk of type 2 diabetes. Focusing on food
groups can still help understand the role that dietary factors play in the risk
of developing type 2 diabetes in a way more accessible to the public and
could form the basis for dietary recommendations aimed at preventing
chronic diseases.Also,it is more difficult to compare the results with a
baseline or non-diabetic population when there is no control group. A control

group would improve the results' validity and give a more accurate picture of
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how dietary practices affect the risk of diabetes. Moreover, the study most
likely uses self-reported data, which is prone to errors and memory biases.
There is a chance that participants would record or forget their food

consumption incorrectly, which could cause mistakes in the results.
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7. CONCLUSION

Despite the widespread recognition of the Mediterranean Diet as an effective
model for the prevention, control, and management of Type 2 Diabetes
Mellitus (T2DM) complications, research on dietary habits at the onset of
diabetes remains limited. Additionally, the link between eating disorders or
dysfunctional eating behaviors and T2DM is a largely unexplored research
area. Understanding the dietary and behavioral patterns associated with
T2DM development could reveal crucial dietary interventions and
behavioral modifications necessary for early prevention and improved
disease management. This knowledge could potentially reduce the incidence
and severity of T2DM-related complications. Such insights could inform
public health strategies and clinical practices, addressing T2DM not only as

a metabolic disease but also in relation to psychological factors.
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