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ABSTRACT 

Background: Type-2 diabetes (T2D) is a multifactorial metabolic burden whose 

metabolic features include alterations in GLP-1 secretion and ultimately hunger/satiety 

circuit derangement. Manipulating the composition of the diet in order to promote 

GLP-1 secretion may represent a promising lifestyle strategy for obesity and T2D 

management. 

Aims: The objective of this study was to assess the post-prandial profile of appetite-

regulating hormones and assessing the post-prandial appetite ratings using a Visual 

Analogue Scale (VAS), as well as measuring the fasting and postprandial 

glucose/insulin responses in overweight and/or obese, well controlled patients with 

T2D.  

Materials and Methods: Twelve T2D patients (M:F = 7:5) aged 63.1±8.5 years were 

enrolled in a randomized, controlled, crossover trial. Subjects consumed on two 

different days, at one-week interval, an experimental High Fiber Vegetarian meal 

(HFV) rich in dietary carbohydrate and fiber in comparison with a standard, 

Mediterranean-like meal (MED). The two meals were isocaloric. Appetite ratings, 

glucose/insulin and gastrointestinal hormone responses were assessed either at fasting 

and every 30’ until 210’ for GLP-1 and Oxyntomodulin and 240’ for glucose and 

insulin after the ingestion of the meal. Subjects consuming the MED meal exhibited 

significant and higher levels of GLP-1 and oxyntomodulin across the 210’ compared 

to the HFV group (p<.05 one-sided for both the hormones). The 210’-GLP-1 and 

Oxyntomodulin AUC were significantly increased in the MED group (P < .022 and P 

< .023, respectively).  Both the MED and HFV meals consumption induced a biphasic-

shaped secretion pattern over time but the MED consumption produced a significant 
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delayed second GLP-1 peak at 150’ compared to the HFV meal (56 ± 21 pg/mL Vs 44 

± 18 pg/mL, respectively P <.05), delaying the second peak one hour and half after the 

HFV-M group. The MED group maintained significant and consistent decreased levels 

of plasma over time compared to the HFV group (P< .039) and the 240-minute 

glycemic AUC was significantly higher in the HFV compared to the MED meal, even 

after the adjustment for age and gender, BMI and HbA1c (P<.006). In addition, the 

240-minute glycemic iAUC was significantly higher in the MED meal (P<.002). No 

major significant changes in VAS and postprandial insulin profile between the two 

groups were assessed. 

Conclusions: A Mediterranean type of meal is more effective in increasing 

postprandial secretion of GLP-1 and oxyntomodulin and reducing postprandial plasma 

glucose levels in overweight/obese T2D patients. These changes did not influence the 

appetite ratings evaluated through the visual analogue scale. These findings suggest 

that, in acute, diet-related endocrine release may not be related to changes in self-rated 

hunger/satiety, possibly because of T2D metabolic features. Either on short and long 

term, diet influences gut hormone levels in T2D. 

 

Keywords – type-2 diabetes; GLP-1; oxyntomodulin; Visual Analogue Scale; hunger; 

satiety; nutrition; diet.  
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INTRODUCTION 

Epidemiology and features of diabetes 

Diabetes is a multifactorial burden worldwide whose implications in world 

populations can be introduced by a few considerations. The International Diabetes 

Federation (IDF) has established that in 2017 almost 425 million people were affected 

by this metabolic condition, such number expected to rise to almost 629 million people 

throughout the world within 2045 [1]. Disregarding of metabolic features, diabetes 

diagnosis has been related to the death of half a million people in Europe alone in 

2017, such number reaching 1.3 million people in western pacific area (Australia, 

China, Indonesia, Japan, etc.). As diabetes treatment is much more costly than 

prevention, diabetes-related healthcare expenditure in 2017 was estimated around 727 

USD billion worldwide for adult population only (20 to 79 years) – 377 USD million 

in the United States and 166 in Europe [1]. The prevalence of diabetes for women aged 

20 to 79 years is estimated to be 8.4%, slightly lower than among men (9.1%). As of 

2017, Italy ranked 8th in top 10 countries with the number of people with diabetes older 

than 65 years (2.6 million) [1]. 

The field of diabetes care is rapidly changing as new research, technology, and 

treatments that can improve the health and well-being of people with diabetes continue 

to emerge. As the American Diabetes Association (ADA) has stated in the last few 

annual guidelines, “there is no universal ideal macronutrient distribution”, which is 

why eating plans should be individualized [2]. Over the past 10 years, the proportion 

of patients with diabetes who achieve recommended glycated hemoglobin (A1C), 

blood pressure, and low-density lipoprotein (LDL) cholesterol levels has increased [3]. 

The mean A1C nationally among people with diabetes has declined from 7.6% (60 
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mmol/mol) in 1999–2002 to 7.2% (55 mmol/mol) in 2007–2010 based on the National 

Health and Nutrition Examination Survey (NHANES), with younger adults less likely 

to meet treatment targets than older adults [3]. This has been accompanied by 

improvements in cardiovascular outcomes and has led to substantial reductions in end- 

stage microvascular complications. However, 33–49% of patients still do not meet 

targets for glycemic, blood pressure, or cholesterol control, and only 14% meet targets 

for all three measures while also avoiding smoking [3].  

Numerous interventions to improve adherence to the recommended standards 

have been implemented but still several factors are hindering an acceptable target, 

including nutritional aspects. Food insecurity (FI) is the unreliable availability of 

nutritious food and the inability to consistently obtain food without resorting to 

socially unacceptable practices. Over 14% (1 out of 7 people) of the United States 

population is food insecure. The rate is higher in some racial/ethnic minority groups, 

including African American and Latino populations, in low-income households, and 

in homes headed by a single mother [1], with the risk for T2D being increased twofold 

in those with FI [4]. Finally, in the last years World Health Organization (WHO) has 

issued a commission to address health equity and the determinants of health [5]. 

 

Diabetes classification 

Diabetes can be classified into the following general categories:  

1. Type-1 diabetes, due to autoimmune b-cell destruction, usually leading to 

absolute insulin deficiency, which represents about 10% of total cases [1]. 

2. Type-2 diabetes, due to a progressive loss of b-cell insulin secretion frequently 

on the background of insulin resistance  
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3. Gestational diabetes mellitus, diabetes diagnosed in the second or third 

trimester of pregnancy that was not clearly overt diabetes prior to gestation 

4. Specific types of diabetes due to other causes, e.g. monogenic diabetes 

syndromes such as neonatal diabetes and maturity-onset diabetes of the young 

(MODY), latent autoimmune diabetes of the adult (LADA), 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)  

 

Type-1 diabetes (T1D) and type-2 diabetes (T2D) are heterogeneous diseases in 

which clinical presentation and disease progression may vary considerably. 

Classification is important for determining therapy, but some individuals cannot be 

clearly classified as having T1D or T2D at the time of diagnosis. The traditional 

paradigms of T2D occurring only in adults and T1D only in children are no longer 

accurate, as both diseases occur in both age-groups. Children with T1D typically 

present with the hallmark symptoms of polyuria/polydipsia, and approximately one-

third present with diabetic ketoacidosis (DKA) [2]. The onset of T1D may be more 

variable in adults, and they may not present with the classic symptoms seen in children. 

Occasionally, patients with T2D may present with DKA, particularly ethnic 

minorities. Although difficulties in distinguishing diabetes type may occur in all age-

groups at onset, the true diagnosis becomes more obvious over time. In both T1D and 

T2D, various genetic and environmental factors can result in the progressive loss of b-

cell mass and/or function that manifests clinically as hyperglycemia. Once 

hyperglycemia occurs, patients with all forms of diabetes are at risk for developing the 
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same chronic complications, although rates of progression may differ. The 

identification of individualized therapies for diabetes in the future will require better 

characterization of the many paths to b-cell demise or dysfunction [6].  

Characterization of the underlying pathophysiology is more developed in T1D 

than in T2D as it is now clear from studies of first-degree T1D relatives that the 

persistent presence of 2 or more autoantibodies is an almost certain predictor of clinical 

hyperglycemia and diabetes. The rate of progression is dependent on the age at first 

detection of antibody, number of antibodies, antibody specificity, and antibody titer. 

Glucose and glycated hemoglobin (A1C) levels rise well before the clinical onset of 

diabetes, making diagnosis feasible well before the onset of DKA.  

The paths to b-cell demise and dysfunction are less well defined in T2D, but 

deficient b-cell insulin secretion, appears to be the common denominator, particularly 

in the setting of insulin resistance. Characterization of subtypes of this heterogeneous 

disorder have been developed and validated in Scandinavian and Northern European 

populations but have not been confirmed in other ethnic and racial groups. T2D is 

primarily associated with insulin secretory defects related to inflammation and 

metabolic stress among other contributors, including genetic factors. Future 

classification schemes for diabetes will likely focus on the pathophysiology of the 

underlying b-cell dysfunction and the stage of disease as indicated by glucose status 

(normal, impaired, or diabetes) [6].  

Diabetes diagnosis may be based on plasma glucose criteria, either the fasting 

plasma glucose (FPG) or the 2-h plasma glucose (2-h PG) value during a 75-g oral 

glucose tolerance test (OGTT), or A1C criteria [7]. Generally, FPG, 2-h PG during 75-

g OGTT, and A1C are equally appropriate for diagnostic testing. It should be noted 
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that the tests do not necessarily detect diabetes in the same individuals. The efficacy 

of interventions for primary prevention of type 2 diabetes [8,9] has primarily been 

demonstrated among individuals who have impaired glucose tolerance (IGT) with or 

without elevated fasting glucose, not for individuals with isolated impaired fasting 

glucose (IFG) or for those with prediabetes defined by A1C criteria. The same tests 

may be used to screen for and diagnose diabetes and to detect individuals with 

prediabetes. Diabetes may be identified anywhere along the spectrum of clinical 

scenarios: in seemingly low-risk individuals who happen to have glucose testing, in 

individuals tested based on diabetes risk assessment, and in symptomatic patients.  

The FPG and 2-h PG may be used to diagnose diabetes as well. The 

concordance between the FPG and 2-h PG tests is imperfect, as is the concordance 

between A1C and either glucose-based test. Numerous studies have confirmed that 

compared with FPG and A1C cutoffs, the 2-h PG value diagnoses more people with 

diabetes. The A1C has several advantages compared with the FPG and OGTT, 

including greater convenience (fasting not required), greater preanalytical stability, 

and less day-to-day perturbations during stress and illness. However, these advantages 

may be offset by the lower sensitivity of A1C at the designated cut point, greater cost, 

limited availability of A1C testing in certain regions of the developing world, and the 

imperfect correlation between A1C and average glucose in certain individuals. 

National Health and Nutrition Examination Survey (NHANES) data indicate that an 

A1C cutoff >6.5% (48 mmol/mol) identifies a prevalence of undiagnosed diabetes that 

is one-third of that using glucose criteria [10]. When using A1C to diagnose diabetes, 

it is important to recognize that A1C is an indirect measure of average blood glucose 

levels and to take other factors into consideration that may impact hemoglobin 
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glycation independently of glycemia including age, ethnicity, and 

anemia/hemoglobinopathies. The epidemiological studies that formed the basis for 

recommending A1C to diagnose diabetes included only adult populations so far, 

leaving uncertainties on whether A1C and the same A1C cutoff point should be used 

to diagnose diabetes in children and adolescents [10, 11]. In addition, African 

Americans heterozygous for the common hemoglobin variant HbS may have, for any 

given level of mean glycemia, lower A1C by about 0.3% than those without the trait 

[12]. Another genetic variant, X-linked glucose-6-phosphate dehydrogenase (G6PDH) 

G202A, carried by 11% of African Americans, was associated with a decrease in A1C 

of about 0.8% in hemizygous men and 0.7% in homozygous women compared with 

those without the variant [13]. Even in the absence of hemoglobin variants, A1C levels 

may vary with ethnicity independently of glycemia [14-16]. For example, African 

Americans may have higher A1C levels than non-Hispanic whites with similar fasting 

and post-glucose load glucose levels [17], and A1C levels may be higher for a given 

mean glucose concentration when measured with continuous glucose monitoring 

devices [18].  

Regarding diabetes diagnosis, unless there is a clear clinical context (e.g., 

patient in a hyperglycemic crisis or with classic symptoms of hyperglycemia and a 

random plasma glucose >200 mg/dL [11.1 mmol/L]), a second test is required for 

confirmation. It is recommended that the same test be repeated, or a different test be 

performed without delay, using a new blood sample for confirmation. For example, if 

the A1C is 7% (53 mmol/mol) and a repeat result is 6.8% (51 mmol/mol), the diagnosis 

of diabetes is confirmed. If two different tests (such as A1C and FPG) are both above 

the diagnostic threshold, this also confirms the diagnosis. On the other hand, if a 
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patient has discordant results from two different tests, then the test result that is above 

the diagnostic cut point should be repeated, with consideration of the possibility of 

A1C assay interference. The diagnosis is made on the basis of the confirmed test. For 

example, if a patient meets the diabetes criterion of the A1C (two results >6.5% [48 

mmol/mol]) but not FPG (<126 mg/dL [7.0 mmol/L]), that person should nevertheless 

be considered to have diabetes.  

Since all the tests have preanalytical and analytic variability, it is possible that 

an abnormal result (i.e., above the diagnostic threshold), when repeated, will produce 

a value below the diagnostic cut point. This scenario is likely for FPG and 2-h PG if 

the glucose samples remain at room temperature and are not centrifuged promptly. 

Because of the potential for preanalytical variability, it is critical that samples for 

plasma glucose be spun and separated immediately after they are drawn. If patients 

have test results near the margins of the diagnostic threshold, the health care 

professional should follow the patient closely and repeat the test in 3–6 months.  

 

Prediabetes 

Prediabetes occurs for individuals whose glucose levels do not meet the criteria for 

diabetes but are too high to be considered normal [19, 20]. Patients with prediabetes 

are defined by the presence of IFG and/or IGT and/or A1C 5.7–6.4% (39–47 

mmol/mol). Prediabetes should not be viewed as a clinical entity in its own right but 

rather as an increased risk for diabetes and cardiovascular disease (CVD). Prediabetes 

is associated with obesity (especially abdominal or visceral obesity), dyslipidemia 

with high triglycerides and/or low HDL cholesterol, and hypertension.  
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Regarding prediabetes diagnosis, this occurs with FPG levels between 100 and 

125 mg/dL (5.6 and 6.9 mmol/L) [20, 21] and IGT as 2-h PG during 75-g OGTT levels 

between 140 and 199 mg/dL (7.8 and 11 mmol/L) [19]. It is worth mentioning that 

WHO defines the IFG cutoff at 110 mg/dL (6.1 mmol/L).  

As with the glucose measures, several prospective studies that used A1C to 

predict the progression to diabetes as defined by A1C criteria demonstrated a strong, 

continuous association between A1C and subsequent diabetes. In a systematic review 

of 44,203 individuals from 16 cohort studies with a follow-up interval averaging 5.6 

years (range 2.8–12 years), those with A1C between 5.5 and 6% (37 and 42 mmol/mol) 

had a substantially increased risk of diabetes (5-year incidence from 9 to 25%). Those 

with an A1C range of 6–6.5% (42-48 mmol/mol) had a 5-year risk of developing 

diabetes between 25 and 50% and a relative risk 20 times higher compared with A1C 

of 5% (31 mmol/mol) [22]. In a community-based study of African American and non-

Hispanic white adults without diabetes, baseline A1C was a stronger predictor of 

subsequent diabetes and cardiovascular events than fasting glucose [23]. Other 

analyses suggest that A1C of 5.7% (39 mmol/mol) or higher is associated with a 

diabetes risk similar to that of the high-risk participants in the Diabetes Prevention 

Program (DPP) [24], and A1C at baseline was a strong predictor of the development 

of glucose-defined diabetes during the DPP and the study follow-up [25].  

Hence, it is reasonable to consider an A1C range of 5.7–6.4% (39–47 

mmol/mol) as identifying individuals with prediabetes. Similar to those with IFG 

and/or IGT, individuals with A1C of 5.7–6.4% (39–47 mmol/mol) should be informed 

of their increased risk for diabetes and CVD and counseled about effective strategies 
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to lower their risks. Similar to glucose measurements, the continuum of risk is 

curvilinear, so as A1C rises, the diabetes risk rises disproportionately [22].  

 

Type-1 diabetes 

In a patient with classic symptoms, measurement of plasma glucose is sufficient to 

diagnose diabetes (symptoms of hyperglycemia or hyperglycemic crisis plus a random 

plasma glucose above 200 mg/ dL [11.1 mmol/L]). In these cases, knowing the plasma 

glucose level is critical because, in addition to confirming that symptoms are due to 

diabetes, it will inform management decisions. Some providers may also want to know 

the A1C to determine how long a patient has had hyperglycemia.  

T1D is clinically defined as immune-mediated diabetes, previously known as 

“insulin- dependent diabetes” or “juvenile-onset diabetes,” accounts for 5–10% of 

diabetes and is due to cellular-mediated autoimmune destruction of the pancreatic b-

cells. Autoimmune markers include islet cell autoantibodies and autoantibodies to 

GAD (GAD65), insulin, the tyrosine phosphatases IA-2 and IA-2b, and ZnT8. T1D is 

defined by the presence of one or more of these autoimmune markers. The disease has 

strong HLA associations, with linkage to the DQA and DQB genes. These HLA-

DR/DQ alleles can be either predisposing or protective. The rate of b-cell destruction 

is quite variable, being rapid in some individuals (mainly infants and children) and 

slow in others (mainly adults). Children and adolescents may present with DKA as the 

first manifestation of the disease. Others have modest fasting hyperglycemia that can 

rapidly change to severe hyperglycemia and/or DKA with infection or other stress. 

Adults may retain sufficient b-cell function to prevent DKA for many years; such 

individuals eventually become dependent on insulin for survival and are at risk for 
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DKA. At this latter stage of the disease, there is little or no insulin secretion, as 

manifested by low or undetectable levels of plasma C-peptide. Immune-mediated 

diabetes commonly occurs in childhood and adolescence, but it can occur at any age, 

even in the 8th and 9th decades of life. Autoimmune destruction of b-cells has multiple 

genetic predispositions and is also related to environmental factors that are still poorly 

defined. Although patients are not typically obese when they present with T1D, obesity 

should not preclude the diagnosis. Patients with T1D are also prone to other 

autoimmune disorders such as Hashimoto thyroiditis, Graves’ disease, Addison 

disease, celiac disease, vitiligo, autoimmune hepatitis, myasthenia gravis, and 

pernicious anemia. In addition, some forms of T1D have no known etiologies. These 

patients have permanent insulinopenia and are prone to DKA but have no evidence of 

b-cell autoimmunity. Although only a minority of patients with T1D fall into this 

category, of those who do, most are of African or Asian ancestry [1]. Individuals with 

this form of diabetes suffer from episodic DKA and exhibit varying degrees of insulin 

deficiency between episodes. This form of diabetes is strongly inherited and is not 

HLA associated. An absolute requirement for insulin replacement therapy in affected 

patients may be intermittent. According to estimates provided by the International 

Diabetes Federation (IDF) in 2017 Diabetes Atlas, the incidence and prevalence of 

T1D is increasing, with more than 130,000 newly diagnosed cases each year for 0-19-

year-old subjects only [1]. Patients with T1D often present with acute symptoms of 

diabetes and markedly elevated blood glucose levels, and approximately one-third are 

diagnosed with life-threatening DKA [26]. Several studies indicate that measuring 

islet autoantibodies in relatives of those with T1D may identify individuals who are at 

risk for developing the disease [27]. Such testing, coupled with education about 
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diabetes symptoms and close follow-up, may enable earlier identification of T1D 

onset. A study reported the risk of progression to T1D from the time of seroconversion 

to autoantibody positivity in three pediatric cohorts from Finland, Germany, and the 

U.S. Of the 585 children who developed more than two autoantibodies, nearly 70% 

developed T1D within 10 years and 84% within 15 years [28]. These findings are 

significant because while the German group was recruited from offspring of parents 

with T1D, the Finnish and American groups were recruited from the general 

population. Remarkably, the findings in all three groups were the same, suggesting 

that the same sequence of events led to clinical disease in both sporadic and familial 

cases of T1D. Indeed, the risk increases as the number of relevant autoantibodies 

detected increases [29]. Although there is currently a lack of accepted screening 

programs, one should consider referring relatives of those with T1D for antibody 

testing for risk assessment in the setting of a clinical research study. Widespread 

clinical testing of asymptomatic low-risk individuals is not currently recommended 

due to lack of approved therapeutic interventions. Individuals who test positive should 

be counseled about the risk of developing diabetes, diabetes symptoms, and DKA 

prevention.  

 

Type-2 diabetes  

Type 2 diabetes (T2D), previously referred to as “noninsulin-dependent diabetes” or 

“adult-onset diabetes,” accounts for 90-95% of all diabetes [1]. This form encompasses 

individuals who have relative rather than absolute insulin deficiency and have 

peripheral insulin resistance. At least initially, and often throughout their lifetime, 

these individuals may not need insulin treatment to survive.  
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There are various causes of T2D. Although the specific etiologies are not 

known, autoimmune destruction of b-cells does not occur, and patients do not have 

any of the other known causes of diabetes. Most but not all patients with T2D are 

overweight or obese. Excess weight itself causes some degree of insulin resistance. 

Patients who are not obese or overweight by traditional weight criteria may have an 

increased percentage of body fat distributed predominantly in the abdominal region. 

DKA seldom occurs spontaneously in this condition; when seen, it usually arises in 

association with the stress of another illness such as infection or with the use of certain 

drugs (e.g., corticosteroids, atypical antipsychotics, and sodium-glucose cotransporter 

2 inhibitors known as SGLT2) [30, 31]. T2D frequently goes undiagnosed for many 

years because hyperglycemia develops gradually and, at earlier stages, is often not 

severe enough for the patient to notice the classic diabetes symptoms. Noteworthy, 

half of all people aged 20 to 79 years in the world is not aware of such condition. That 

is, more than 212 million people as of 2017 were undiagnosed, 69.2% in Africa and 

almost 40% in Europe and in North America – Caribbean region [1]. These alarmingly 

data include economic repercussions upon healthcare services in comparison with 

people without diabetes. As diseased subjects may benefit from screening, early 

diagnosis, and appropriate care since the early stages of the disease, this would result 

in lower total expenditure worldwide. According to World Bank income classification, 

the latest IDF Atlas shows that 76.5% of all cases in low income countries is 

undiagnosed (9 million cases), such number being considerably reduced in high 

income countries (37.3%, equal to 32.9 million cases) [1]. Whereas patients with T2D 

may have insulin levels that appear normal or elevated, the higher blood glucose levels 

in these patients would be expected to result in even higher insulin values had their b-
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cell function been normal. Thus, insulin secretion is defective in these patients and 

insufficient to compensate for insulin resistance. Insulin resistance may improve with 

weight reduction and/or pharmacologic treatment of hyperglycemia but is seldom 

restored to normal.  

The risk of developing T2D increases with age, obesity, and lack of physical 

activity. It occurs more frequently in women with prior GDM, in those with 

hypertension or dyslipidemia, and in certain racial/ethnic subgroups (African 

American, American Indian, Hispanic/Latino, and Asian American). It is often 

associated with a strong genetic predisposition or family history in first- degree 

relatives, more so than T1D. However, the genetics of T2D is poorly understood. In 

adults without traditional risk factors for T2D and/or younger age, consider antibody 

testing to exclude the diagnosis of T1D (i.e., GAD).  

Screening for prediabetes and T2D through an informal assessment of risk 

factors or with an assessment tool, such as the ADA risk test (diabetes.org/socrisktest) 

or the Diabetes Risk Score test [32] is recommended to guide providers on whether 

performing a diagnostic test is appropriate. Prediabetes and T2D meet criteria for 

conditions in which early detection is appropriate. Both conditions are common and 

impose significant clinical and public health burdens. There is often a long pre-

symptomatic phase before the diagnosis of T2D. The duration of glycemic burden is a 

strong predictor of adverse outcomes. There are effective interventions that prevent 

progression from prediabetes to diabetes and reduce the risk of diabetes complications 

such as those micro- and macrovascular, dietary ones being among the cornerstones.  

A large European randomized controlled trial compared the impact of 

screening for diabetes and intensive multifactorial intervention with that of screening 
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and routine care [33]. General practice patients between the ages of 40 and 69 years 

were screened for diabetes and randomly assigned by practice to intensive treatment 

of multiple risk factors or routine diabetes care. After 5.3 years of follow-up, CVD 

risk factors were modestly but significantly improved with intensive treatment 

compared with routine care, but the incidence of first CVD events or mortality was not 

significantly different between the groups [33]. The excellent care provided to patients 

in the routine care group and the lack of an unscreened control arm limited the authors’ 

ability to determine whether screening and early treatment improved outcomes 

compared with no screening and later treatment after clinical diagnoses. Computer 

simulation modeling studies suggest that major benefits are likely to accrue from the 

early diagnosis and treatment of hyperglycemia and cardiovascular risk factors in T2D 

[34]; moreover, screening, beginning at age 30 or 45 years and independent of risk 

factors, may be cost-effective and result in more than 11,000 USD per quality-adjusted 

life-year gained [35].  

Additional considerations regarding testing for T2D and prediabetes in 

asymptomatic patients include age, body mass index (BMI), ethnicity, and possibly 

dietary habits. Age is a major risk factor for diabetes; testing should take place for all 

patients aged 45. Screening should be considered in overweight or obese adults of any 

age with one or more risk factors for diabetes. In general, BMI >25 kg/m2 is a risk 

factor for diabetes, although data suggest that the BMI cut point should be affected by 

ethnicity – lower for the Asian American population [36, 37]. The BMI cutoff points 

fall consistently between 23 and 24 kg/m2 (sensitivity of 80%) for nearly all Asian 

American subgroups, with levels slightly lower for Japanese Americans. This makes 

a rounded cutoff point of 23 kg/m2 practical. An argument can be made to push the 
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BMI cutoff point <23 kg/m2 in favor of increased sensitivity; however, this would lead 

to low specificity (13.1%). Data from the WHO also suggest that a BMI >23 kg/m2 

should be used to define increased risk in Asian Americans [38]. The finding that half 

of diabetes in Asian Americans is undiagnosed suggests that testing is not occurring 

at lower BMI thresholds [39, 40].  

Evidence also suggests that other populations may benefit from lower BMI 

cutoff points. For example, in a large multiethnic cohort study, for an equivalent 

incidence rate of diabetes, a BMI of 30 kg/m2 in non-Hispanic whites was equivalent 

to a BMI of 26 kg/m2 in African Americans [41].  

In the last decade, the incidence and prevalence of T2D in adolescents has 

increased dramatically, especially in racial and ethnic minority populations [26]. Some 

studies question the validity of A1C in the pediatric population, especially among 

certain ethnicities, and suggest OGTT or FPG as more suitable diagnostic tests. 

However, many of these studies do not recognize that diabetes diagnostic criteria are 

based on long-term health outcomes, and validations are not currently available in the 

pediatric population [42].  

 

Gestational diabetes mellitus  

For many years, gestational diabetes mellitus (GDM) was defined as any degree of 

glucose intolerance that was first recognized during pregnancy [43], regardless of 

whether the condition may have predated the pregnancy or persisted after the 

pregnancy. The ongoing epidemic of obesity and diabetes has led to more T2D in 

women of childbearing age, with an increase in the number of pregnant women with 

undiagnosed T2D [1, 44]. Because of the number of pregnant women with 
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undiagnosed T2D, it is reasonable to test women with risk factors for such condition 

at their initial prenatal visit, through standard diagnostic criteria such as those shown 

on Standard Medical Care for diabetes [2]. Women diagnosed with diabetes by 

standard diagnostic criteria in the first trimester should be classified as having 

preexisting pregestational diabetes (T2D or, very rarely, T1D or monogenic diabetes). 

GDM is diabetes that is first diagnosed in the second or third trimester of pregnancy 

that is not clearly either preexisting T1D or T2D. The International Association of the 

Diabetes and Pregnancy Study Groups (IADPSG) GDM diagnostic criteria for the 75-

g OGTT as well as the GDM screening and diagnostic criteria used in the two-step 

approach were not derived from data in the first half of pregnancy, so the diagnosis of 

GDM in early pregnancy by either FPG or OGTT values is not evidence based [45].  

Because GDM confers increased risk for the development of T2D after delivery 

[1] and because effective prevention interventions are available [46, 47], women 

diagnosed with GDM should receive lifelong screening for prediabetes and T2D. 

GDM carries risks for the mother and neonate, with not all adverse outcomes being of 

equal clinical importance. The Hyperglycemia and Adverse Pregnancy Outcome 

(HAPO) study [48], a large-scale multinational cohort study completed by more than 

23,000 pregnant women, demonstrated that risk of adverse maternal, fetal, and 

neonatal outcomes continuously increased as a function of maternal glycemia at 24–

28 weeks of gestation, even within ranges previously considered normal for 

pregnancy. For most complications, there was no threshold for risk. These results have 

led to careful reconsideration of the diagnostic criteria for GDM.  

The conflicting recommendations from expert groups underscore the fact that 

there are data to support each strategy. A cost-benefit estimation comparing the two 
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strategies concluded that the one- step approach is cost-effective only if patients with 

GDM receive postdelivery counseling and care to prevent T2D [49]. The decision of 

which strategy to implement must therefore be made based on the relative values 

placed on factors that have yet to be measured (e.g., willingness to change practice 

based on correlation studies rather than intervention trial results, available 

infrastructure, and importance of cost considerations).  

 

Neonatal diabetes  

Diabetes occurring under 6 months of age is termed “neonatal” or “congenital” 

diabetes, and about 80–85% of cases can be found to have an underlying monogenic 

cause [50]. Neonatal diabetes occurs much less often after 6 months of age, whereas 

autoimmune T1D rarely occurs before 6 months of age. Neonatal diabetes can either 

be transient or permanent. Transient diabetes is most often due to overexpression of 

genes on chromosome 6q24, is recurrent in about half of cases, and may be treatable 

with medications other than insulin. Permanent neonatal diabetes is most commonly 

due to autosomal dominant mutations in the genes encoding the Kir6.2 subunit 

(KCNJ11) and SUR1 subunit (ABCC8) of the b-cell KATP channel. Correct diagnosis 

has critical implications because most patients with KATP-related neonatal diabetes 

will exhibit improved glycemic control when treated with high-dose oral sulfonylureas 

instead of insulin. Insulin gene (INS) mutations are the second most common cause of 

permanent neonatal diabetes, and, while treatment presently is intensive insulin 

management, there are important genetic considerations, as most of the mutations that 

cause diabetes are dominantly inherited.  
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Diabetes comorbidities 

Besides assessing diabetes-related complications, clinicians and their patients need to 

be aware of common comorbidities that affect people with diabetes and may 

complicate management [51-54]. Diabetes comorbidities are conditions that affect 

people with diabetes more often than age-matched people without diabetes. Many of 

the common comorbidities observed in patients with diabetes are autoimmune 

diseases, neoplastic diseases, cognitive impairment, fatty liver disease, and 

pancreatitis.  

People with T1D are at increased risk for other autoimmune diseases including 

thyroid disease, primary adrenal insufficiency, celiac disease, autoimmune gastritis, 

autoimmune hepatitis, dermatomyositis, and myasthenia gravis [55-57]. T1D may also 

occur with other autoimmune diseases in the context of specific genetic disorders or 

polyglandular autoimmune syndromes [58]. In autoimmune diseases, the immune 

system fails to maintain self-tolerance to specific peptides within target organs. It is 

likely that many factors trigger autoimmune disease; however, common triggering 

factors are known for only some autoimmune conditions (i.e., gliadin peptides in celiac 

disease).  

In those with T2D, the degree and duration of hyperglycemia are related to 

dementia. More rapid cognitive decline is associated with both increased A1C and 

longer duration of diabetes [59]. The Action to Control Cardiovascular Risk in 

Diabetes (ACCORD) study found that each 1% higher A1C level was associated with 

lower cognitive function in individuals with T2D [60]. However, the ACCORD study 

found no difference in cognitive outcomes in participants randomly assigned to 

intensive and standard glycemic control, supporting the recommendation that intensive 
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glucose control should not be advised for the improvement of cognitive function in 

individuals with T2D [61].  

In T2D, severe hypoglycemia is associated with reduced cognitive function, 

and those with poor cognitive function have more severe hypoglycemia. In a long-

term study of older patients with T2D, individuals with one or more recorded episode 

of severe hypoglycemia had a stepwise increase in risk of dementia [62]. Likewise, the 

ACCORD trial found that as cognitive function decreased, the risk of severe 

hypoglycemia increased [63].  

Diabetes is associated with the development of nonalcoholic chronic liver 

disease and with hepatocellular carcinoma [64]. Elevations of hepatic transaminase 

concentrations are associated with higher BMI, waist circumference, and triglyceride 

levels and lower HDL cholesterol levels. Interventions that improve metabolic 

abnormalities in patients with diabetes (weight loss, glycemic control, and treatment 

with specific drugs for hyperglycemia or dyslipidemia) are also beneficial for fatty 

liver disease [65, 66].  

Diabetes is also linked to diseases of the exocrine pancreas such as pancreatitis, 

which may disrupt the global architecture or physiology of the pancreas, often 

resulting in both exocrine and endocrine dysfunction. Up to half of patients with 

diabetes may have impaired exocrine pancreas function [67]. People with diabetes are 

at an approximately twofold higher risk of developing acute pancreatitis [68]. 

Conversely, prediabetes and/or diabetes has been found to develop in approximately 

one-third of patients after an episode of acute pancreatitis [69], thus the relationship is 

likely bidirectional. Post-pancreatitis diabetes may include either new onset disease or 

previously unrecognized diabetes [70]. Studies of patients treated with incretin-based 
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therapies for diabetes have also reported that pancreatitis may occur more frequently 

with these medications, but results have been mixed [71, 72].  

Islet autotransplantation should be considered for patients requiring total 

pancreatectomy for medically refractory chronic pancreatitis to prevent postsurgical 

diabetes. Approximately one-third of patients undergoing total pancreatectomy with 

islet autotransplantation are insulin free one year postoperatively, and observational 

studies from different centers have demonstrated islet graft function up to a decade 

after the surgery in some patients [73-77]. Both patient and disease factors should be 

carefully considered when deciding the indications and timing of this surgery. 

Surgeries should be performed in skilled facilities that have demonstrated expertise in 

islet autotransplantation.  

Age-specific hip fracture risk is significantly increased in people with both 

T1D (RR 6.3) and T2D (RR 1.7) diabetes in both genders [78]. T1D is associated with 

osteoporosis, but in T2D, an increased risk of hip fracture is seen despite higher bone 

mineral density (BMD) [79]. The pathophysiological mechanisms underlying bone 

fragility in diabetes are complex, including an alteration in glycemic homeostasis, 

oxidative stress, the accumulation of advanced glycation end products (AGEs) [80], 

with the involvement of mesenchymal stem cells playing a role in osteoblast fate and 

therefore in tissues alteration(s) – enrichment/deprivation of skeletal 

muscle/adipose/bone tissue.  In three large observational studies of older adults, 

femoral neck BMD T score and the WHO Fracture Risk Assessment Tool (FRAX) 

score were associated with hip and non-spine fractures. Fracture risk was higher in 

participants with diabetes compared with those without diabetes for a given T score 

and age or for a given FRAX score [81, 82]. Providers should assess fracture history 
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and risk factors in older patients with diabetes and recommend measurement of BMD 

if appropriate for the patient’s age and sex. Fracture prevention strategies for people 

with diabetes are the same as for the general population and include vitamin D 

supplementation. For patients with T2D with fracture risk factors, thiazolidinediones 

[83] and sodium-glucose cotransporter 2 inhibitors [84] should be used with caution.  

 

Current pharmacologic interventions: an overview 

Pharmacologic agents including metformin, a-glucosidase inhibitors, orlistat, 

glucagon-like peptide 1 (GLP-1) receptor agonists, and thiazolidinediones have each 

been shown to decrease incident diabetes to various degrees in those with prediabetes 

in research studies [85-90], though none are approved by the U.S. Food and Drug 

Administration specifically for diabetes prevention. Metformin has the strongest 

evidence base and demonstrated long-term safety as pharmacologic therapy for 

diabetes prevention [90]. For other drugs, cost, side effects, and durable efficacy 

require consideration. Metformin was overall less effective than lifestyle modification 

in the DPP and DPPOS, though group differences declined over time [91] and 

metformin may be cost-saving over a 10-year period [92]. It was as effective as 

lifestyle modification in participants with BMI >35 kg/m2 but not significantly better 

than placebo in those over 60 years of age [85]. In the DPP, for women with history 

of GDM, metformin and intensive lifestyle modification led to an equivalent 50% 

reduction in diabetes risk [90], and both interventions remained highly effective during 

a 10-year follow-up period [94]. Metformin should be recommended as an option for 

high-risk individuals (e.g., those with a history of GDM or those with BMI >35 kg/m2). 
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Consider monitoring B12 levels in those taking metformin chronically to check for 

possible deficiency. 

 

Psychosocial/emotional disorders in diabetes mellitus patients 

Prevalence of clinically significant psychopathology diagnoses are considerably more 

common in people with diabetes than in those without the disease [94]. Symptoms, 

both clinical and subclinical, that interfere with the person’s ability to carry out daily 

diabetes self-management tasks should be addressed: providers should consider an 

assessment of symptoms of depression, anxiety, disordered eating, and of cognitive 

capacities using patient-appropriate standardized/ validated tools at the initial visit, at 

periodic intervals, and when there is a change in disease, treatment, or life 

circumstance. Caregivers and family members inclusion in this assessment is warmly 

recommended. In 2016, the American diabetes association issued a position statement 

regarding psychological care for diabetic subjects in which complex emotional 

interactions in these patients have been described, specifically in daily care of diabetes 

at both personal and social dimension [95]. Diabetes distress and psychological 

comorbidities are considered as well, with evidence-based guidelines useful for both 

healthcare provider and patient.   

Anxiety symptoms and diagnosable disorders (e.g., generalized anxiety 

disorder, body dysmorphic disorder, obsessive-compulsive disorder, specific phobias, 

and posttraumatic stress disorder) are common in people with diabetes [96]. The 

Behavioral Risk Factor Surveillance System (BRFSS) estimated the lifetime 

prevalence of generalized anxiety disorder to be 19.5% in people with either T1D or 

T2D [97]. Common diabetes-specific concerns include fears related to hypoglycemia 
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[98, 99], not meeting blood glucose targets [96], and insulin injections or infusion 

[100]. Onset of complications presents another critical point when anxiety can occur 

[101]. People with diabetes who exhibit excessive diabetes self-management 

behaviors well beyond what is prescribed or needed to achieve glycemic targets may 

be experiencing symptoms of obsessive-compulsive disorder, as described by the 

American Psychiatric Association (APA) [102].  

General anxiety is a predictor of injection-related anxiety and associated with 

fear of hypoglycemia [103]. Fear of hypoglycemia and hypoglycemia unawareness 

often co-occur, and interventions aimed at treating one often benefit both [104]. Fear 

of hypoglycemia may explain avoidance of behaviors associated with lowering 

glucose such as increasing insulin doses or frequency of monitoring. If fear of 

hypoglycemia is identified and a person does not have symptoms of hypoglycemia, a 

structured program, blood glucose awareness training, delivered in routine clinical 

practice, can improve A1C, reduce the rate of severe hypoglycemia, and restore 

hypoglycemia awareness [105, 106].  

History of depression, current depression, and antidepressant medication use 

are risk factors for the development of T2D, especially if the individual has other risk 

factors such as obesity and family history of diabetes [107-109]. A meta-analysis of 

Anderson et al. showed elevated depressive symptoms and depressive disorders to 

affect one in four patients with T1D or T2D [110]. Thus, routine screening for 

depressive symptoms is indicated in this high-risk population including people with 

diabetes, including gestational diabetes mellitus, and postpartum diabetes. Regardless 

of diabetes type, women have significantly higher rates of depression than men [111]. 

Routine monitoring with patient-appropriate validated measures can help to identify if 
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referral is warranted. Adult patients with a history of depressive symptoms or disorder 

need ongoing monitoring of depression recurrence within the context of routine care 

[106]. Integrating mental and physical health care can improve outcomes. When a 

patient is in psychological therapy (talk therapy), the mental health provider should be 

incorporated into the diabetes treatment team [112].  

Estimated prevalence of disordered eating behaviors and diagnosable eating 

disorders in people with diabetes varies [113-115]. For people with T1D, insulin 

omission causing glycosuria in order to lose weight is the most commonly reported 

disordered eating behavior [115, 116]; in people with T2D, bingeing (excessive food 

intake with an accompanying sense of loss of control) is most commonly reported. For 

people with T2D treated with insulin, intentional omission is also frequently reported 

[117]. People with diabetes and diagnosable eating disorders have high rates of 

comorbid psychiatric disorders [118]. People with T1D and eating disorders have high 

rates of diabetes distress and fear of hypoglycemia [119]. When evaluating symptoms 

of disordered or disrupted eating in people with diabetes, etiology and motivation for 

the behavior should be considered [114, 120]. Adjunctive medication such as 

glucagon-like peptide 1 receptor agonists [121] may help individuals not only to meet 

glycemic targets but also to regulate hunger and food intake, thus having the potential 

to reduce uncontrollable hunger and bulimic symptoms.  

 

Nutritional implications for prediabetes and type 2 diabetes risk 

Screening for prediabetes and T2D risk through an informal assessment of risk factors 

or with an assessment tool, such as the American Diabetes Association risk test, is 

recommended to guide providers on whether performing a diagnostic test for 
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prediabetes and previously undiagnosed T2D is appropriate. Those determined to be 

at high risk for T2D, including people with A1C 5.7–6.4% (39–47 mmol/mol), 

impaired glucose tolerance, or impaired fasting glucose, are ideal candidates for 

diabetes prevention efforts. Using A1C to screen for prediabetes may be problematic 

in the presence of certain hemoglobinopathies or conditions that affect red blood cell 

turnover. At least annual monitoring for the development of diabetes in those with 

prediabetes is suggested [2].  

The strongest evidence for diabetes prevention comes from the Diabetes 

Prevention Program (DPP) [9]. The DPP demonstrated that an intensive lifestyle 

intervention could reduce the incidence of T2D by 58% over 3 years. Follow-up of 

three large studies of lifestyle intervention for diabetes prevention has shown sustained 

reduction in the rate of conversion to T2D: 43% reduction at 20 years in the Da Qing 

study [122], 43% reduction at 7 years in the Finnish Diabetes Prevention Study (DPS) 

[123], and 34% reduction at 10 years [9] and 27% reduction at 15 years [91] in the 

U.S. Diabetes Prevention Program Outcomes Study (DPPOS). The two major goals of 

the DPP intensive, behavioral, lifestyle intervention were to achieve and maintain a 

minimum of 7% weight loss and 150 min of physical activity per week similar in 

intensity to brisk walking. The DPP lifestyle intervention was a goal-based 

intervention: all participants were given the same weight loss and physical activity 

goals, but individualization was permitted in the specific methods used to achieve the 

goals [124].  

The 7% weight loss goal was selected because it was feasible to achieve and 

maintain and likely to lessen the risk of developing diabetes. Participants were 

encouraged to achieve the 7% weight loss during the first 6 months of the intervention. 
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The recommended pace of weight loss was 0.5 to 1 kg/week. Calorie goals were 

calculated by estimating the daily calories needed to maintain the participant’s initial 

weight and subtracting 500–1,000 calories/day (depending on initial body weight). 

The initial focus was on reducing total dietary fat. After several weeks, the concept of 

calorie balance and the need to restrict calories as well as fat was introduced [124].  

The goal for physical activity was selected to approximate at least 700 

kcal/week expenditure from physical activity. For ease of translation, this goal was 

described as at least 150 min of moderate-intensity physical activity per week similar 

in intensity to brisk walking. Participants were encouraged to distribute their activity 

throughout the week with a minimum frequency of three times per week with at least 

10 min per session. A maximum of 75 min of strength training could be applied toward 

the total 150 min/week physical activity goal [124].  

To implement the weight loss and physical activity goals, the DPP used an 

individual model of treatment rather than a group-based approach. This choice was 

based on a desire to intervene before participants had the possibility of developing 

diabetes or losing interest in the program. The individual approach also allowed for 

tailoring of interventions to reflect the diversity of the population [124]. The DPP 

intervention was administered as a structured core curriculum followed by a more 

flexible maintenance program of individual sessions, group classes, motivational 

campaigns, and restart opportunities. The 16-session core curriculum was completed 

within the first 24 weeks of the program and included sections on lowering calories, 

increasing physical activity, self-monitoring, maintaining healthy lifestyle behaviors, 

and psychological, social, and motivational challenges. Villareal et al. led a trial 

assessing weight loss, physical activity or both and physical function in almost 100 
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obese older adults in which dietary advices (1g protein per kg/body weight) and/or 

exercise were introduced to assess body composition and performance, including bone 

mineral density and overall quality of life, suggesting a combination of the two factors 

is better than an intervention alone in physical function [125]. 

Reducing caloric intake is of paramount importance for those at high risk for 

developing T2D, though recent evidence suggests that the quality of fats consumed in 

the diet is more important than the total quantity of dietary fat [126-128]. For example, 

the Mediterranean diet, which is relatively high in monounsaturated fats, may help to 

prevent T2D [129-131].  

Whereas overall healthy low-calorie eating patterns should be encouraged, 

there is also some evidence that particular dietary components impact diabetes risk. 

Higher intakes of nuts [132], berries [133], yogurt [134], coffee, and tea [135] are 

associated with reduced T2D risk. Conversely, red meats and sugar-sweetened 

beverages are associated with an increased risk [128]. As is the case for those with 

diabetes, individualized medical nutrition therapy (MNT) is effective in lowering A1C 

in individuals diagnosed with prediabetes [136].  

For many individuals with diabetes, the most challenging part of the treatment 

plan is determining what to eat and following a meal plan. There is not a one-size-fits-

all eating pattern for individuals with diabetes, and meal planning should be 

individualized. Nutrition therapy has an integral role in overall diabetes management, 

and each person with diabetes should be actively engaged in education, self-

management, and treatment planning with his or her health care team, including the 

collaborative development of an individualized eating plan [137, 138]. All individuals 

with diabetes should be offered a referral for individualized MNT, preferably provided 
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by a registered dietitian who is knowledgeable and skilled in providing diabetes-

specific MNT. MNT delivered by a registered dietitian is associated with A1C 

decreases of 1% to1.9% for people with T1D [139-142] and 0.3–2% for people with 

T2D [142-146].  

The American diabetes association has released the following MNT goals for 

diabetic adults [2]:  

1. To promote and support healthful eating patterns, emphasizing a variety of 

nutrient-dense foods in appropriate portion sizes, to improve overall health 

and a) achieve and maintain body weight goals, b) attain individualized 

glycemic, blood pressure, and lipid goals, c) delay or prevent diabetes 

complications.  

2. To address individual nutrition needs based on personal and cultural 

preferences, health literacy and numeracy, access to healthful foods, 

willingness and ability to make behavioral changes, and barriers to change.  

3. To maintain the pleasure of eating by providing nonjudgmental messages 

about food choices.  

4. To provide an individual with diabetes the practical tools for developing 

healthy eating patterns rather than focusing on individual macronutrients, 

micronutrients, or single foods.  

Evidence suggests that there is not an ideal percentage of calories from 

carbohydrate, protein, and fat for all people with diabetes, which is why macronutrient 

distribution should be based on an individualized assessment of current eating patterns, 

preferences, and metabolic goals. Consider personal preferences (e.g., tradition, 

culture, religion, health beliefs and goals, eco- nomics) as well as metabolic goals 
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when working with individuals to determine the best eating pattern for them [138, 

147]. It is important that each member of the health care team be knowledgeable about 

nutrition therapy principles for people with all types of diabetes and be supportive of 

their implementation. Emphasis should be on healthful eating patterns containing 

nutrient-dense foods with less focus on specific nutrients [148]. A variety of eating 

patterns are acceptable for the management of diabetes [147, 148]. The Mediterranean 

[149, 150], Dietary Approaches to Stop Hypertension (DASH) [128, 151, 152], and 

plant-based diets [153, 154] are all examples of healthful eating patterns that have 

shown positive results in research, but individualized meal planning should focus on 

personal preferences, needs, and goals. The diabetes plate method is commonly used 

for providing basic meal planning guidance [155] as it provides a visual guide showing 

how to control calories (by featuring a smaller plate) and carbohydrates (by limiting 

them to what fits in one-quarter of the plate) and puts an emphasis on low-carbohydrate 

(or non-starchy) vegetables.  

Management and reduction of weight is important for overweight and obese 

people, either with and without T1D-T2D. Lifestyle intervention programs should be 

intensive and have frequent follow-up to achieve significant reductions in excess body 

weight and improve clinical indicators. There is strong and consistent evidence that 

modest persistent weight loss can delay the progression from prediabetes to T2D [147, 

156, 157] and is beneficial to the management of T2D. Studies of reduced calorie 

interventions show reductions in A1C of 0.3% to 2.0% in T2D adults, as well as 

improvements in medication doses and quality of life [147]. Sustaining weight loss 

can be challenging [64] but has long-term benefits; maintaining weight loss for 5 years 

is associated with sustained improvements in A1C and lipid levels [158]. Weight loss 
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can be attained with lifestyle programs that achieve a 500–750 kcal/day energy deficit 

or provide 1,200–1,500 kcal/day for women and 1,500–1,800 kcal/day for men, 

adjusted for the individual’s baseline body weight. For many obese T2D individuals, 

weight loss 0.5% is needed to produce beneficial outcomes in glycemic control, lipids, 

and blood pressure, and sustained weight loss of >7% is optimal [64]. The meal plans 

often used in intensive lifestyle management for weight loss may differ in the types of 

foods they restrict (e.g., high-fat vs. high-carbohydrate foods), but their emphasis 

should be on nutrient-dense foods, such as vegetables, fruits, legumes, low-fat dairy, 

lean meats, nuts, seeds, and whole grains, as well as on achieving the desired energy 

deficit [159-162]. The approach to meal planning should be based on the patients’ 

health status and preferences. 

Studies examining the ideal amount of carbohydrate intake for people with 

diabetes are inconclusive, although monitoring carbohydrate intake and considering 

the blood glucose response to dietary carbohydrate are key for improving postprandial 

glucose control [163, 164]. The literature concerning glycemic index and glycemic 

load in individuals with diabetes is complex often yielding mixed results, though in 

some studies lowering the glycemic load of consumed carbohydrates has demonstrated 

A1C reductions of –0.2% to –0.5% [165, 166]. Studies longer than 12 weeks report no 

significant influence of glycemic index or glycemic load independent of weight loss 

on A1C; however, mixed results have been reported for fasting glucose levels and 

endogenous insulin levels. The role of low-carbohydrate diets in patients with diabetes 

remains unclear [165]. Part of the confusion is due to the wide range of definitions for 

a low-carbohydrate diet [166, 167]. While benefits of low-carbohydrate diets have 

been described, improvements tend to be in the short term and, over time, these effects 
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are not maintained [168-170]. While some studies have shown modest benefits of very 

low–carbohydrate or ketogenic diets (less than 50-g carbohydrate per day) [171, 172], 

this approach may only be appropriate for short-term implementation (up to 3–4 

months) if desired by the patient, as there is little long-term research citing benefits or 

harm. Most individuals with diabetes report a moderate intake of carbohydrate (44–

46% of total calories) [147]. Novel, surprising findings by Soare et al. have reported 

significant improvements in glycemic control, over a 21-day period, in T2D obese 

subjects following an experimental dietary pattern rich in complex carbohydrate and 

fiber, with carbohydrate content >70% of macronutrient daily distribution [173]. 

Interestingly, these findings were assessed in comparison with a standard, 

Mediterranean-like diet and in a crossover design, with similar results over a 6-month 

follow-up [174]. However, efforts to modify habitual eating patterns are often 

unsuccessful in the long term; people generally go back to their usual macronutrient 

distribution [147]. Thus, the recommended approach is to individualize meal plans to 

meet caloric goals with a macronutrient distribution that is more consistent with the 

individual’s usual intake to increase the likelihood for long-term maintenance. Either 

children and adults with diabetes are encouraged to reduce intake of refined 

carbohydrates and added sugars and instead focus on carbohydrates from vegetables, 

legumes, fruits, dairy (milk and yogurt), and whole grains. The consumption of sugar-

sweetened beverages and processed “low-fat” or “non-fat” food products with high 

amounts of refined grains and added sugars is strongly discouraged [175-177]. 

Individuals with T1D or T2D taking insulin at mealtime should be offered intensive 

and ongoing education on the need to couple insulin administration with carbohydrate 

intake. For people whose meal schedules or carbohydrate consumption is variable, 
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regular counseling to help them understand the complex relationship between 

carbohydrate intake and insulin needs is important. In addition, education on using the 

insulin-to-carbohydrate ratio for meal planning can assist them with effectively 

modifying insulin dosing from meal to meal and improving glycemic control [140, 

147, 163, 178-180]. Individuals who consume meals containing more protein and fat 

than usual may also need to make mealtime insulin dose adjustments to compensate 

for delayed postprandial glycemic excursions [181-183]. For individuals on a fixed 

daily insulin schedule, meal planning should emphasize a relatively fixed carbohydrate 

consumption pattern with respect to both time and amount [138]. By contrast, a simpler 

diabetes meal planning approach emphasizing portion control and healthful food 

choices may be better suited for some older individuals, those with cognitive 

dysfunction, and those for whom there are concerns over health literacy and numeracy 

[138-140, 163, 179]. The modified plate method, which uses measuring cups to assist 

with portion measurement, may be an effective alternative to carbohydrate counting 

for some patients to improve glycemia [155].  

There is no evidence that adjusting the daily level of protein intake (typically 

1– 1.5 g/kg body weight/day or 15–20% total calories) will improve health in 

individuals without diabetic kidney disease, and research is inconclusive regarding the 

ideal amount of dietary protein to optimize either glycemic control or cardiovascular 

disease (CVD) risk [165]. Therefore, protein intake goals should be individualized 

based on current eating patterns. Some research has found successful management of 

T2D with meal plans including slightly higher levels of protein (20–30%), which may 

contribute to increased satiety [128]. For those with diabetic kidney disease (with 

albuminuria and/or reduced estimated glomerular filtration rate), dietary protein 
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should be maintained at the recommended daily allowance of 0.8 g/kg body 

weight/day. Reducing the amount of dietary protein below the recommended daily 

allowance is not recommended because it does not alter glycemic measures, 

cardiovascular risk measures, or the rate at which glomerular filtration rate declines 

[184, 185]. In individuals with T2D, protein intake may enhance or increase the insulin 

response to dietary carbohydrates [186]. Therefore, carbohydrate sources high in 

protein should not be used to treat or prevent hypoglycemia due to the potential 

concurrent rise in endogenous insulin.   

The ideal amount of dietary fat for individuals with diabetes is controversial. 

The National Academy of Medicine has defined an acceptable macronutrient 

distribution for total fat for all adults to be 20–35% of total calorie intake [187]. The 

type of fats consumed is more important than total amount of fat when looking at 

metabolic goals and CVD risk, and it is recommended that the percentage of total 

calories from saturated fats should be limited [188-192]. Multiple randomized 

controlled trials including patients with T2D have reported that a Mediterranean-style 

eating pattern [190-197], rich in polyunsaturated and monounsaturated fats, can 

improve both glycemic control and blood lipids. However, supplements do not seem 

to have the same effects as their whole food counterparts. A systematic review 

concluded that dietary supplements with n-3 fatty acids did not improve glycemic 

control in individuals with T2D [165]. Randomized controlled trials also do not 

support recommending n-3 supplements for primary or secondary prevention of CVD 

[198-202]. People with diabetes should be advised to follow the guidelines for the 

general population for the recommended intakes of saturated fat, dietary cholesterol, 

and trans fats [40]. In general, trans fats should be avoided. In addition, as saturated 
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fats are progressively decreased in the diet, they should be replaced with unsaturated 

fats and not with refined carbohydrates [197].  

As for the general population, people with diabetes are advised to limit their 

sodium consumption to <2,300 mg/day [138]. Lowering sodium intake would in turn 

improve blood pressure in certain circumstances [203, 204]. However, other studies 

[205, 206] suggest caution for universal sodium restriction to 1,500 mg in people with 

diabetes. Sodium intake recommendations should take into account palatability, 

availability, affordability, and the difficulty of achieving low-sodium 

recommendations in a nutritionally adequate diet [207].  

Benefit from herbal or non-herbal (i.e., vitamin or mineral) supplementation 

for people with diabetes without underlying deficiencies are controversial as well 

[138]. Metformin is associated with vitamin B12 deficiency, with a recent report from 

the Diabetes Prevention Program Outcomes Study (DPPOS) suggesting that periodic 

testing of vitamin B12 levels should be considered in patients taking metformin, 

particularly in those with anemia or peripheral neuropathy [208]. Routine 

supplementation with antioxidants, such as vitamins E and C and carotene, is not 

advised due to lack of evidence of efficacy and concern related to long-term safety. In 

addition, there is insufficient evidence to support the routine use of herbals and 

micronutrients, such as cinnamon and vitamin D, to improve glycemic control in 

people with diabetes [135, 138, 209, 210].  

For some people with diabetes who are accustomed to sugar-sweetened 

products, nonnutritive sweeteners, containing few or no calories, may be an acceptable 

substitute for nutritive sweeteners (those containing calories such as sugar, honey, 

agave syrup) when consumed in moderation. While use of nonnutritive sweeteners 
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does not appear to have a significant effect on glycemic control, they can reduce 

overall calorie and carbohydrate intake [138, 211]. Most systematic reviews and meta-

analyses show benefits for nonnutritive sweetener use in weight loss [212, 213]; 

however, some research suggests an association with weight gain [214]. Regulatory 

agencies set acceptable daily intake levels for each nonnutritive sweetener, defined as 

the amount that can be safely consumed over a person’s lifetime [138, 204].  

 

Novel gut peptides in the treatment of type-2 diabetes: oxyntomodulin  

Oxyntomodulin has been described for the first time in 1948 by Sutherland and De 

Duve [215], who individuated glucagon-like substances in extracts of intestinal 

mucosa. In 1982 Bataille et al. isolated the hormone from porcine jejuno-ileum and 

defined as “glucagon-37” or “bioactive enteroglucagon” [216] because of its 29-amino 

acid domain deriving from glucagon plus an elongation at its C-terminal end by the 

octapeptide Lys-Arg-Asn-Lys-Asn-Asn-Ile-Ala, thus 37 amino acids. Further research 

has established that such gut hormone is a product of the proglucagon gene released 

post-prandially from the L-cells of the small intestine, with calorie intake playing a 

role in oxyntomodulin secretion [217]. The processing of proglucagon is tissue 

specific, producing from a single protein different hormone depending on the tissue 

considered. In pancreatic α cells, prohormone convertase 2 (PC2) generates 

predominantly glucagon, whereas in intestinal L cells present in the jejunum, ileum, 

and colon, PC 1/3 predominantly produces glicentin, oxyntomodulin, GLP1, and 

GLP2. Similar processing is also thought to occur in the same neurons in the nucleus 

of the solitary tract (NTS) in the hindbrain [218]. 
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Figure 1. Tissue-specific cleavage of proglucagon gene. Adapted by Pocai A, 2012 [218] 

 

Oxyntomodulin displays anorexigenic properties, as established by several 

studies based on this hormone administration to rodents and humans [219-222]. In a 

study led by Wynne et al. with overweight and obese subjects, oxyntomodulin was 

shown to ameliorate leptin and adiponectin profiles over a 4-week follow-up period in 

which subject self-administered oxyntomodulin subcutaneously 3 times per day, 30 

min before each main meal, leading also to a significant body weight reduction in 

comparison with a placebo group [222]. Similar findings were obtained by a trial 

involving 13 healthy subjects (BMI = 22 kg/m2), in which intravenous infusion of 

oxyntomodulin (3 pmol/kg/min) resulted in reduced appetite and food intake at an ad 

libitum buffet meal (19.3% ± 5.6%, P<0.01), as measured by scores for hunger [220].  

Besides evidence on oxyntomodulin administration to produce weight loss in 

obese patients and rodents, with anorexigenic effects described in Glp1r-/- mice by 

Baggio et al. observed a lack of oxyntomodulin efficacy in these mice, demonstrating 

that the initial anorectic effect of oxyntomodulin is mediated solely by activation of 

the GLP1R [223]. Nevertheless, several findings on glucose metabolism are available 

as well. As Pocai reported in an elegant review on oxyntomodulin defining this 

hormone as “GLP-1’s enigmatic brother” [218], chronic treatment with 
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oxyntomodulin results in superior weight-lowering and comparable 

antihyperglycemic effect to a GLP1R-selective agonist [224]. This is likely achieved 

through body weight reduction due to the causal link between obesity and T2D [225], 

as well as direct enhancement of glucose-dependent insulin secretion [226, 227]. 

Activation of GCGR is associated with an elevation in glucose levels but the 

simultaneous agonism at the GLP1R would be expected to counteract this effect. Acute 

treatment with oxyntomodulin improves glucose tolerance during a glucose challenge 

in mice [226]. Moreover, oxyntomodulin administration improved glucose intolerance 

by enhancing glucose disposal during a hyperinsulinemic clamp study performed in 

diet-induced insulin-resistant mice [228]. It has been proposed that following a single 

injection, oxyntomodulin acts solely via GLP1R to modulate glucose homeostasis 

[226]. However, oxyntomodulin was reported to increase hepatic glucose production 

during a euglycemic–hyperinsulinemic clamp performed in diet-induced obese mice, 

suggesting activation of the hepatic GCGR in vivo [228]. Recently, it was 

demonstrated that while acute treatment with oxyntomodulin improves glucose 

metabolism during a glucose tolerance test and during a hyperglycemic clamp in mice, 

a matched pair peptide without GCGR activity (oxyntomodulin Q3E) exerted better 

glucose-lowering properties compared with oxyntomodulin administration [227]. The 

same authors showed decreased glucose tolerance in oxyntomodulin -infused 

compared with vehicle-infused Glp1r−/− mice. The lack of effect observed following a 

single intraperitoneal injection of oxyntomodulin during a glucose tolerance test 

in Glp1r−/− mice [226] may be explained by the fact that Glp1r−/− mice are glucose 

intolerant and resistant to diet-induced obesity; hence, the acute glucoregulatory effect 

of a single injection of oxyntomodulin could be confounded by compensatory 
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mechanisms associated with chronic deletion of the GLP1R. To further strengthen 

these data, hyperglycemic clamps performed in Gcgr−/− mice showed a similar effect 

of oxyntomodulin and oxyntomodulin Q3E infusion on glucose metabolism in the 

absence of a functional GCGR. This study demonstrated that simultaneous activation 

of the GLP1R counteracts the hyperglycemic effect of glucagon in vivo. The glucose-

lowering effect of oxyntomodulin is mostly mediated by GLP1R activation and 

activation of the GCGR appears to limit the acute antihyperglycemic efficacy of 

oxyntomodulin while contributing to the insulinotropic properties of oxyntomodulin 

[227]. Mighiu et al. recently demonstrated that intrahypothalamic glucagon suppresses 

hepatic glucose production and counteracts the direct hepatic stimulatory effect of 

circulating glucagon on liver glucose production in rodents during a pancreatic clamp 

[229]. Therefore, activation of the GCGR in discrete CNS areas may contribute to the 

improvement of whole-body glucose metabolism in animals treated with 

oxyntomodulin. More recent literature appears to be in contrast with the 

aforementioned findings, addressing oxyntomodulin limited biological significance 

and a minimal role in metabolic or surgical conditions such as T2D or post-gastric 

bypass surgery, although co-agonism with GLP-1 has been recognized to be of interest 

to counteract diabetogenicity [230]. 

 

Dietary implications in hunger/satiety circuit 

Hunger and satiety are both related to caloric sensing, respectively to a drop and to an 

abundance of nutrients. When appetite suppression is blunted, metabolic conditions 

such as obesity ensue [231]. Considering todays’ ease of use of foods such as sweets, 

junk food and refined carbohydrates, dietary lifestyle is today crucial in daily 
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hunger/satiety management. A specific brain area of primates has been identified in 

food taste and temperature perception, even before this is eaten and disregarding of 

current hunger/satiety state. The several hunger or satiety inputs related to the multiple 

orexigenic/anorexigenic hormones involved are integrated in the hypothalamus, 

particularly in the orbitofrontal cortex – such area being implicated in food-related 

reward value. GLP-1 secretion has been correlated with fiber [232], carbohydrate, and 

fat content [233].  

While dietary carbohydrate restriction has long been advocated as the main 

intervention to halt T2D, with current scientific evidence often referring to very-low 

carbohydrate ketogenic diets (VLCKD), our research group has in the past few years 

assessed significant improvements in T2D management with a high-carb, high-fiber 

diet compared with a standard control diet, either in a short [173] and medium term 

[174].  

 

Visual analogue scale  

The Visual Analogue Scale (VAS) is a measurement instrument that aims to quantify 

a characteristic or attitude that is believed to range across a continuum of values and 

cannot easily be directly measured [234]. Although originally known for the use in 

pain quantification, the VAS has been frequently deployed in the last decades and is 

now often used in epidemiologic and clinical research to measure the intensity or 

frequency of various symptoms [235], including hunger/satiety perception [136]. This 

is a validated 100-mm scale which allows for thorough evaluation of the outcome of 

interest, being easy to administer at the same time for both youngsters and elderlies 

[136]. VAS can be presented in a variety of ways, including scales with a middle point, 
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graduation or numbers (numerical rating scales), meter-shaped scales (curvilinear 

analogue scales), box-shaped scales with concentric circles equidistant each other (one 

of which has to be selected by the responder), and scales with descriptive terms at 

intervals along a line (graphic rating or Likert scales) [236]. Furthermore, an electronic 

version has recently been made available for scientific purposes, known as electronic 

appetite rating system (EARS) [237, 238].  

The ends are usually defined as the extreme limits of the parameter to be 

assessed (e.g., symptom, pain, health, mood, wellness, hunger/satiety), orientated from 

the left (less, worst) to the right (most, best) [239]. Through a tick, the responder marks 

on the line the point he/she believes to be the most representative to the perceived 

he/she feels at that time (current state). The VAS score is then determined by 

measuring in millimeters from the left end of the line to the point that the person has 

marked, in order to get a 0-100 score. 
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RATIONALE OF THE STUDY 

Considering scientific literature currently available, scarce is the evidence relating 

incretins and oxyntomodulin release to nutrients, i.e. to a meal, which has to be 

considered as a matrix of macro- and micronutrients plus fiber and water. No study 

has thoroughly assessed the modulation of nutrients absorption and/or how 

oxyntomodulin release is affected by nutrients ingestion.  

In the past few years, our research group has produced novel findings regarding 

the administration of a vegetarian dietary pattern rich in fiber and complex 

carbohydrate, with daily caloric content from the latter being above 70%, in patients 

affected by T2D [173]. Importantly, our findings were assessed in comparison with a 

standard Mediterranean diet currently recommended by the main medical societies for 

dietary treatment of T2D and obesity, either over a short period of 21 days and over a 

follow-up 6-month period [174], questioning if food quality has more influence on 

metabolic health than quantity in those patients. We have previously shown significant 

improvements involved fasting blood glucose values, A1C, as well as inflammatory 

markers such as c-reactive protein [240] using this high fiber-high carbohydrate 

dietary pattern. These improvements were assessed also on gut microbiota health in 

these subjects, confirming glycemic control is tightly related to gut flora eubiosis – the 

vegetarian experimental diet resulted effective in counteracting the increase of 

possible proinflammatory phyla such as Collinsella and Streptococcus in the gut 

ecosystem, supporting the recovery of health-promoting SCFA producers like 

Faecalibacterium, Roseburia, Lachnospira, Bacteroides, and Akkermansia [241]. 

Finally, the administration of this vegetarian dietary pattern significantly improved the 

quality of life in non-diabetic patients affected by reactive hypoglycemia over a 7-day 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 49 

period in which we assessed glycemic control through a continuous glucose 

monitoring device and a crossover design [242].  

As this diet proved to be effective in these patients, we aimed to explore the 

effect of a meal based on this diet compared to a Mediterranean type of meal on the 

hunger/satiety circuitry alterations putative of metabolic diseases such as obesity and 

T2D in overweight and obese type 2 diabetic subjects.  
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RESEARCH DESIGN AND METHODS 

The crossover design was chosen for this trial for two main purposes, a) 

avoiding any possible selection bias, and b) reducing total sample size needed to 

pursue the study. 

  

Aim of the study: 

We aimed to explore hunger/satiety circuitry alterations putative of metabolic 

diseases such as obesity and T2D through the analysis of GLP-1 and oxyntomodulin 

profile after the meal ingestion and including the Visual Analogue Scale assessment 

in overweight and obese type 2 diabetic subjects. 

 

Endpoints: 

Primary endopoint: 

Changes in serum GLP-1 levels after the meal ingestion were chosen as 

primary endpoint of the study.  

Secondary endpoints: 

Plasma oxyntomodulin and blood glucose and insulin levels, as well as VAS 

scores, were chosen as secondary outcomes.  

 

Sample size calculation: 

Considering that about 70% of total daily caloric intake in the HFV meal 

derives from complex carbohydrate, such number being equal to 50% in the 

Mediterranean diet; with a daily calorie intake estimated around 2000 kcal for men 

and 1800 kcal for women (adults); that in T2D subjects Toft-Nielsen et al. found GLP-
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1 levels 60’ following a meal equal to 13-14 pmol/L [243]; choosing a 20% superiority 

criterion of the HFV meal in comparison with the MED meal, with a statistical power 

equal to 80% and an a error equal to 0.05, the sample size needed to conduct the 

analysis was 10 subject – i.e., 5 per group. As a 20% dropout rate should be taken into 

account before running a clinical protocol, we enrolled 6 subjects per group. Hence, 

our study involved 12 diabetic patients of both genders belonging to outpatients’ 

clinics at Campus Bio-Medico University of Rome, Italy, with diagnosis of T2D 

obtained between the past 2 to 5 years. All cases were consecutively recruited from 

individuals willing to participate to the study from January to February 2018. Subjects 

were randomly assigned to receive either HFV or MED meal upon a crossover design, 

in order to control for possible selection bias. One patient withdrew between visit 1 

and 2 for personal inability to follow protocol’s procedures (figure 2).  

 

Figure 2. VAS trial flowchart 

 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 52 

The inclusion criteria were age above 18 years, body mass index (BMI) 

between 25 and 35 kg/m2, and drug naïve and/or with metformin treatment only. 

Subjects with clinically significant neurological, endocrinological, or other systemic 

diseases, as well as those with acute illness and chronic inflammatory or infective 

disease, were excluded from the study. The diagnostic criteria for T2D were those 

provided by the American Diabetes Association (ADA) [244] – fasting blood glucose 

≥126 mg/dL (7 mmol/L); 2-h post-glucose load ≥ 200 mg/dL (11.1 mmol/L) during 

an oral glucose tolerance test (OGTT) of 75g glucose; glycated hemoglobin (HbA1c) 

≥ 6.5% (48 mmol/L); random blood draw with glycemia ≥ 200 mg/dL (11.1 mmol/L) 

in individuals with typical symptoms of hyperglycemia or hyperglycemic crisis. Basic 

characteristics, including age, gender, smoking status, alcohol consumption, physical 

activity level (PAL), history of any diabetes-related complication, family history of 

diabetes, and dietary habits were obtained by phone calls and confirmed during the 

screening visits. Anthropometric parameters such as weight (kg) and height (cm) were 

collected by trained project staff. BMI was calculated as weight (kg)/square of height 

(m2). All of the participants underwent a physical examination at the screening. After 

an overnight fasting, a venous blood samples drawn from the antecubital vein was 

collected before and after the ingestion of the meal as shown below (figure 3).  
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Figure 3. VAS trial timeline, with timing expressed as minute following HFV or MED meal 

consumption 

 

Dietary interventions 

Either the HFV and the MED meal were designed by registered nutritionists and 

physicians from our research group. The two meals were isocaloric (660±10 kcal) but, 

as shown in the graph below, they differed in nutrient composition and in fiber content. 

Bromatological composition was assessed through Winfood® nutritional software 

(Medimatica SRL, Martinsicuro, Italy).  
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All of the subjects completed the two meals with no leftovers, as assessed by a 

registered dietitian of our research group. Both meals preparation was conducted by 

chefs according to the protocol indications.  

 

HFV meal ingredients 

Ingredient Quantity (g) GI (glucose as std) GI (bread as std) GL 

Whole rice 50 55 79 27.5 
Millet 55 71 101 39.05 
Barley 40 25 36 10 

Chickpea 30 28 39 8.4 
Chicory 140 15 15 21 
Carrot 110 16 23 17.6 
Onion 20 15 15 3 

Savoy cabbage 140 15 25 21 
Parsley 1 5 5 0.05 

Wakame 
seaweed 1     0 

Kombu seaweed 1     0 
Nori seaweed 1     0 

Miso 1     0 
Tamari 1 20 20 0.2 

GI: glycemic index; GL: glycemic load 
 

Table 1. high-fiber vegetarian (HFV) meal composition. 
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MED meal ingredients 

Ingredient Quantity 
(g) 

GI (glucose 
as std) 

GI (bread 
as std) GL 

Pasta 58 58 83 33.64 
Mackerel 150 0 0 0 
Lettuce 100 15 15 15 
Rocket 30 15 15 4.5 

Tomato sauce 100 35 35 35 
Parmesan 10 0 0 0 

EV olive oil 12 0 0 0 
Vinegar 1 0 0 0 

GI: glycemic index; GL: glycemic load 
 

Table 2. Mediterranean (MED) meal composition. 

 

Outcome HFV meal MED meal 

Calorie (Kcal) [KJ] 676.3 [2828] 651.7 

Protein (g) [%] 27.6 [19.28] 39.06 [20.22] 

Lipid (g) [%] 6.33 [9.95] 32.95 [38.37] 

Carbohydrate (g) [%] 135.3 [70.77] 53 [41.41] 

Starch (g) 72.04 39.5 

Sugar (g) 15.7 9.56 

Fiber (g) 23 4.8 

Soluble fiber (g) 4.7 0.8 

Insoluble fiber (g) 16.66 2.23 

Cholesterol (mg) 0 151.6 

Saturated fatty acids (g) 0.8 7.67 

Monounsaturated fatty acids (g) 1.02 15.93 

Polyunsaturated fatty acids (g) 1.41 5.18 

Glycemic index 265a [358]b 123a [148]b 

Glycemic load 147.8 88.14 
a glycemic index with glucose set as standard  
b glycemic index with bread set as standard 

Table 3. Dietary features of high-fiber vegetarian (HFV) and Mediterranean (MED) meal 
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All of the bromatological parameters were calculated by Winfood® nutritional 

software (Medimatica SRL, Martinsicuro, Italy); glycemic index and glycemic load 

values were checked with the 2008 international tables for glycemic index and 

glycemic load [245].  

 

Visual Analogue Scale 

VAS was prepared by trained staff of our research group, who also supervised 

individual administration to the trial participants, the collection and finally the 

measurements. Patients were instructed to put a vertical line in order to encounter the 

horizontal 100-mm scale in only one point, in order to get a reliable score, according 

to personal belief of hunger/satiety perceived at that moment. The VAS was 

administered upon a time schedule defined with the research group and withdrawn 

immediately upon completion. Below is shown the VAS deployed in our study (figure 

4). 
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Figure 4. The 100-mm Visual Analogue Scale used in our study to evaluate hunger/satiety 

perception 

The study received ethical approval by the ethics committee of Campus Bio-

Medico University of Rome (#08/2017) before the beginning of the enrolment and any 

How hungry do you feel right now?
At all Extremely

Patient ID: VAS - ___________________

Date ____________________________

Meal EXP                  CTR

Do you feel satiety right now?

Would you like to eat right now?

Do you feel nausea in this moment?

How much can you eat right now?

Would you like to eat some sweet food?

Would you like to eat some salty food?

Would you like to eat some tasty food?

Would you like to eat some fatty food?

VAS Trial 

Time point ______________________

At all Extremely

At all Extremely

At all Extremely

At all Extremely

At all Extremely

At all Extremely

At all Extremely

At all Extremely
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other procedure; all of the participants provided written informed consent before study 

initiation. The study has been carried out in accordance with Helsinki declaration and 

is currently being registered on ISRCTN registry portal.  

 

Laboratory assays 

Several outcomes were assessed either at fasting and every 30’ until 210’ after the 

meal (both HFV and MED), according to what shown before in figure 3. Serum 

glucose and insulin levels were assessed by our central laboratory. All of the other 

blood samples were immediately added with aprotinin (Sigma-Aldrich, St. Louis, 

Missouri) at a concentration of 500 KIU/mL blood and 10 uL DPP-IV inhibitor 

(Merck, Darmstadt, Germany) according to manufacturer’s protocol, then separated 

for serum or plasma within one hour, and finally stored at -80°C until analysis. Serum 

levels of GLP-1 and plasma levels of oxyntomodulin were determined at multiple time 

points, as shown in figure 3. VAS administration occurred at the same time points. 

Serum GLP-1 and plasma oxyntomodulin were analyzed through ELISA (Merck, 

Darmstadt, Germany and AnshLabs, Webster, Texas, respectively). 

 

Statistical analyses 

Statistical Package for the Social Science (SPSS), version 20 (IBM) was used for 

analysis. Data are presented as means ± SD. Normality was assessed with graphical 

methods (pp plots and histograms). Non-normally distributed data were log 

transformed. Comparisons of the response curves of glucose, insulin, GLP-1 and 

oxyntomodulin in the Mediterranean meal (MED) and the High Fiber Vegetarian meal 

(HFV) subjects were performed using the repeated-measures analysis of covariance 
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(ANCOVA), testing for a group × time effect. Post hoc comparisons were performed 

using Šidák correction tests. We also checked for a treatment × time × baseline values 

interaction. Total areas under the curve (AUC) and incremental areas under the curve 

(iAUC) were calculated as well. For the calculation of total AUC and the iAUC, the 

trapezoid rule was used.  

A general linear mixed model was used to assess the treatment effect on AUCs 

and iAUCs variables with the variables of treatment, sequence, and visit included as 

fixed effects, patient-within-sequence included as a random effect. Differences were 

considered statistically significant when p <.05. 

 

Anthropometry and body composition  

Anthropometric measures were determined without shoes and in light clothing. Height 

was measured using a stadiometer (SECA Group, Hamburg, Germany), weight using 

an electronic scale (SECA Group, Hamburg, Germany), and umbilical waist and hip 

circumference using a stretch-resistant tape (Figure Finder, Novel Products, Rockton, 

IL, USA). All measures were taken in duplicates. Body composition was estimated 

using bioelectrical impedance analysis (BIA) (BIA 101 Akern, Florence, Italy). Fat-

free mass (FFM), fat mass (FM), hydration profile (i.e., total body water, TBW, and 

extracellular water, ECW), and basal metabolic rate (BMR) were calculated according 

to manufacturer’s protocol.  
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RESULTS 
Our study population features are described in table 4 below. Our population included 

7 men and 5 women, with a mean age of 63 years and a mean BMI range belonging to 

grade 1 obesity (30 to 34.99 kg/m2). Mean A1C was 6.45% and mean fat mass was 

above 30%. 3 out of 12 subjects (25%) were taking metformin, whilst none of them 

were actually smoking or drinking alcohol. Lipid profile was in normal ranges for all 

of the parameters assessed (triglycerides, total cholesterol, and HDL-cholesterol). 

Age (years) 63.1±8.5 

Male, n (%) 7 (64%) 

BMI (kg/m2) 34.4±2.6 

Waist circumference (cm) 112.2±7.4 

Hip circumference (cm) 114.5±5.2 

Neck circumference (cm) 40.6±3.6 

Wrist circumference (cm) 20.1±1.9 

Fasting plasma glucose, mg/dL (mmol/L) 134±27.9 (7.44±1.55) 

Triglyceride, mg/dL (mmol/L) 136.1±77.5 (1.54±0.87) 

Total cholesterol, mg/dL (mmol/L) 160.4±40.8 (4.148±1.055) 

HDL cholesterol, mg/dL (mmol/L) 51.8±14.8 (1.34±0.38) 

Creatinin, mg/dL 0.89±0.22 

GOT, U/L 20.4±14.9 

GPT, U/L 37.4±26.2 

HbA1c (%) 6.45 ± 0.8 

Basal metabolic rate, kcal/d (KJ/d) 1730±175 (7238.3±732.2) 

Fat mass, % on body weight (kg) 31.2±6.2 (29.27±5.63) 

Metformin, n (%) 3 (25) 

Current smoker, n (%) 0 (0) 

Current drinker, n (%) 0 (0) 

Educational level, n (%) 

    None or elementary school, n (%) 

    Middle school, n (%) 

    High school, n (%) 

    College/university, n (%) 

 

1 (8.3) 

3 (25) 

6 (50) 

2 (16.7) 

 

Table 4. Demographics and clinical characteristics, data expressed as mean ± standard deviation. 
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After meal ingestion hormonal profile: 

Herein we have analyzed the effect of two different meals, the High Fibers Vegetarian 

meal (HFV) and the Mediterranean meal (MED), on postprandial profile of 

oxyntomodulin, Glucagon -Like Peptide 1 (GLP-1), plasma glucose and plasma 

insulin.  

 

Oxyntomodulin: 

We found a similar initial increase in Oxyntomodulin levels for both the groups that 

peaked at 30 minutes after the meals ingestion and then showed a biphasic-like pattern 

over time. After the first peak, the High Fiber Vegetarian meal (HFV) group exhibited 

a significant and more rapid decrease in oxyntomodulin levels at 90 minutes (the first 

phase) as compared with the Mediterranean meal (MED) group (439±242 pg/mL Vs 

296±196 pg/mL respectively, P <.05, Figure 5).  Oxyntomodulin levels then slightly 

increased reaching another spike at 150 minutes (NS between the two groups) and then 

progressed to the lower level after 210 minutes in both the groups (the second phase). 

The MED group maintained significant and consistent higher levels of oxyntomodulin 

over time compared to the HFV group (P< .05, one-sided, Figure 7).  

The 210-minute oxyntomodulin AUC was significantly higher in the MED 

group compared to the HFV group even after the adjustment for age, gender, BMI and 

HbA1c (P<.023, Figure 8). However, the 210-minute incremental oxyntomodulin 

AUC (iAUC) only tended to be higher in the MED group (P = .13). 
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GLP-1: 

We found a similar initial increase also in GLP-1 levels for both the groups that peaked 

at 30 minutes after the meals ingestion and then showed a biphasic-like pattern over 

time too. After the first peak, the HFV group exhibited a more rapid decrease in GLP-

1 levels at 60 minutes (the first phase) to slightly increase again at 90 minutes (NS 

between the two groups) and then reaching the lowest values at 180 minutes (second 

phase). The MED group maintained significant and consistent higher levels of GLP-1 

over time compared to the HFV group (P< .05, one sided, Figure 5) and then peaked 

again at 150 minutes (second phase) (56 ± 21 pg/mL Vs 44 ± 18 pg/mL, respectively 

P <.05, Figure 5), delaying the second peak one hour and half after the HFV group.  

The 210-minute GLP-1 AUC was significantly higher in the MED compared 

to the HFV even after the adjustment for age and gender, BMI and HbA1c (P<.022, 

Figure 6). However, the 210-minute GLP-1 iAUC tended to be higher in the MED 

meal (P = .10). 

 

Glycemia: 

We found a similar initial increase also in plasma glucose levels for both the groups 

that peaked at 30 minutes after meals ingestion. After the first peak at 30 minutes, the 

HFV group exhibited a significant second peak at 90 compared to the MED group (159 

± 48 mg/dL Vs 198 ± 57 mg/dL, respectively P <.04, Figure 9), and then the MED 

group maintained significant and consistent decreased levels of plasma over time 

compared to the HFV group (P< .039, Figure 9).  

The 240-minutes glycemic AUC was significantly higher in the HFV compared 

to the MED group, even after the adjustment for age and gender, BMI and HbA1c 
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(P<.006, Figure 10). In addition, the 240-minute glycemic iAUC was significantly 

higher in the MED group (P<.002, Figure 10). 

 

Insulin: 

We found a similar initial increase also in plasma insulin levels for both the groups, 

but the MED group peaked at 30 minutes while the HFV group peaked at 90 minutes 

after the meal ingestion. There was no significant difference over the 240 minutes 

observation between the two groups (P = .56 Figure 11). 

The 240-minute insulin AUC tended to be higher in the MED compared to the 

HFV group adjusting for age and gender, BMI and HbA1c (P<.10, Figure 12), with 

this tendency being confirmed in the 240-minute insulin iAUC (P = .06, Figure 12). 

VAS  

As shown in Figure 13, data analysis from VAS scores did not lead to 

significant differences among the variables explored (i.e., hunger, satiety, and desire 

to eat) between the two dietary interventions (all P = NS). For each dimension, the 

following questions were made: 

• HUNGER: How hungry do you feel right now? 

• SATIETY:   How full do you feel right now? 

• DESIRE TO EAT: How pleasant would it be to eat right now? 
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Figure 5. Serum GLP-1 levels comparison across HFV and MED meal, data represented as mean ± 

SEM. 

 

 

 

Figure 6. Serum GLP-1 area under the curve (AUC) comparison between HFV and MED meal, data 

represented as mean ± SEM 
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Figure 7. Plasma oxyntomodulin levels comparison across HFV and MED meal, data represented as 

mean ± SEM 

 

 

Figure 8. Plasma oxyntomodulin area under the curve (AUC) comparison between HFV and MED 

meal, data represented as mean ± SEM 
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Figure 9. Serum glucose levels comparison across HFV and MED meal, data represented as mean ± 

SEM 

 

 

Figure 10. Serum glucose area under the curve (AUC) comparison between HFV and MED meal, 

data represented as mean ± SEM 
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Figure 11. Serum insulin levels comparison across HFV and MED meal, data represented as mean ± 

SEM 

 

 

Figure 12. Serum insulin area under the curve (AUC) comparison between HFV and MED meal, data 

represented as mean ± SEM 
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C 

 

 
Figure 13. Comparison of self-reported VAS scores on hunger (A), satiety (B), and desire to eat (C) 

across HFV and MED meal, data represented as mean ± SEM 

 
  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 70 

DISCUSSION 

The implications of macronutrients in glycemic control has long been debated, either 

alone (i.e., isolated protein or carbohydrate or fat) or combined, and still uncertainties 

in this field exist. The composition of ingested foods and meals has long been 

advocated to modulate, either to lessen or to increase, energy homeostasis of an 

individual. This includes metabolic responses such as glycemic control (both glucose 

and insulin level), and ultimately appetite behavior. Furthermore, this occurs in a same 

person over the course of the day as a result of circadian hormonal rhythms [246], in 

addition to the differences existing between multiple dietary patterns. One of the 

metabolic pathways which is receiving considerable attention is GLP-1 regulation, 

either in terms of release and in terms of cleavage inhibition. These are represented by 

the drugs belonging to GLP-1 receptors agonists (GLP-1RA) and dipeptidyl peptidase 

IV-inhibitors (DPP-IVi), respectively. Besides these recent scientific advancements, 

nutritional modulation of GLP-1 levels by carbohydrate, protein, and lipid by-products 

represent another field of interest and novelty. Indeed, it has been described how L-

cells’ GPCRs bind to several products of food and macronutrients’ breakdown such as 

monosaccharides, amino acids and peptides, as well as SCFAs, medium and long-

chain fatty acids, all of which have been correlated to GLP-1 secretion.  

In our research, we assessed incretin release and self-reported hunger/satiety in 

subjects affected by T2D, a multifactorial disease whose body of evidence keeps 

increasing as novel treatments are becoming available but still several crucial points 

need to be addressed.  
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GLP-1 modulation by nutrients and single-nutrient foods: monosaccharides  

Upon ingestion, digestible carbohydrates undergo enzymatic degradation and are 

absorbed in the form of glucose, and to a lesser extent in the form of galactose and 

fructose. Glucose absorption by enterocytes as well as glucose-mediated GLP-1 

secretion from L-cells appear to be mediated by the sodium-glucose cotransporter-1 

(SGLT-1), a membrane transport protein expressed in the small intestine [247]. Moriya 

and colleagues [248] investigated the mechanisms underlying glucose-stimulated 

GLP-1 secretion by administering glucose and Phloritzine, a competitive inhibitor of 

SGLT-1, in the small intestine of mice. While glucose administration alone acutely 

increased circulating GLP-1, co-administration of glucose and Phloritzine blocked 

first-phase glucose-induced GLP- 1 secretion [248]. Similarly, SGLT-1 knockout mice 

had decreased first-phase GLP-1 secretion and developed glucose and galactose 

malabsorption compared to controls [249]. This may be explained by the fact that 

glucose binding to SGLT-1 induces the closure of ATP-sensitive potassium channels, 

leading to membrane depolarization and to a rise in intracellular calcium 

concentrations [250]. This work may be of importance as it outlines the implications 

of SGLT-1 in luminal monosaccharide absorption, as well as glucose-mediated GLP-

1 secretion in the proximal small intestine.  

The characterization of GLP-1’s secretion, which is often considered as being 

biphasic, led researchers to investigate the prolonged effect the pharmacological 

inhibition of SGLT-1 in rodents and humans [251-253]. While also confirming an 

inhibition of first-phase GLP-1 secretion and an increase in luminal glucose 

concentrations, Powell and al. [252] found an increase in second-phase GLP-1 

secretion and a decrease in blood glucose excursions over a 6-hour postprandial period 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 72 

in mice. These results were confirmed in two clinical studies conducted in healthy 

adults, as well as in adults with T2D [253, 254]. The increase in second-phase GLP-1 

secretion observed in these studies suggests that SGLT-1 inhibition enhances other 

mechanisms promoting GLP-1 secretion from the distal part of GI tract. Possible 

explanations include an enhanced opportunity for interactions with L-cells as 

carbohydrates move down the GI tract during digestion, as well as an increased 

fermentation of undigested carbohydrates in the colon which could raise the 

production of SCFAs [252-254]. Concordant with the latter hypothesis, Powell and al. 

[252] observed a decrease in the pH of the cecum, which could indeed be an indicator 

of increased bacterial fermentation, in SGLT-1 knockout mice as well as mice that 

received a SGLT-1 inhibitor.  

In our study, we found a similar initial increase also in GLP-1 levels for both 

the groups that peaked at 30 minutes after the meals ingestion and then showed a 

biphasic-like pattern over time too. After the first peak, the HFV group exhibited a 

more rapid decrease in GLP-1 levels at 60 minutes (the first phase) to slightly 

increase again at 90 minutes and then reaching the lowest values at 180 minutes 

(second phase). The MED group maintained significant and consistent higher levels 

of GLP-1 over time compared to the HFV group and then peaked again at 150 

minutes (second phase), delaying the second peak one hour and half after the HFV 

group.  

As summarized in table 3, MED meal had lower glycemic content (i.e., 

carbohydrate and sugar content, as well as lower glycemic index and load) compared 

with HFV meal. A GLP-1 biphasic secretion pattern has been described before, with 

an early-phase after 10 to 15 minutes followed by a longer second-phase release after 
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30 to 60 minutes upon meal ingestion. The difference in dietary formulation between 

HFV and MED meal may have played a role in delaying the GLP-1 second-phase 

release and in inducing the overall higher levels across the 210 minutes observation 

after the MED meal. Indeed, while the HFV dietary intervention had a higher glycemic 

profile, which may explain the higher glucose trend seen throughout the trial, as well 

as more fiber, the MED meal had more protein and higher lipid profile (including SFA, 

MUFA, and PUFA). In addition, while first-phase has been related primarily to neural 

signaling, neurotransmitters and gut peptides, second-phase has been related to direct 

stimulation by L-cells [255, 256]. This may in turn question the importance of gastric 

emptying as it regulates the entrance of nutrients into the small intestine, whereby 

direct stimulation occurs.  

One of the recognized GLP-1 effects is indeed slowing gastric emptying, thus 

decreasing its own secretion upon postprandial activation [250]. As previously 

reported, the HFV meal displayed higher soluble fiber compared with that of MED 

meal (4.7g vs 0.8g, table 3), whose metabolic effects include delayed gastric emptying 

and subsequent satiety feeling [257-259]. Yu et al. carried out a clinical trial in which 

gastric emptying was found to be delayed by soluble dietary fiber administration either 

in healthy subjects and T2D patients, with higher postprandial glucose levels [259].  

Other factors affecting GLP-1 response have been identified in higher weight 

or BMI, as well as high glucagon concentrations, advocated as lower GLP-1 response 

predictors; besides, others appear to be determinants of enhanced GLP-1 secretion 

(e.g., older age, higher fasting NEFA concentrations) [260]. However, we have 

adjusted for BMI in our AUC and iAUC analysis.  
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The ability to predict normal or impaired GLP-1 response in patients with T2D 

may thus depend on the individual balance of these factors as well as the rate of gastric 

emptying. Although we did not assess these outcomes so far, the same reasoning may 

be applied to our study. In another study, T2D patients had high NEFA concentrations 

as well as elevated glucagon, the influences of which may have balanced each other 

out, resulting in no net difference in GLP-1 secretory responses [261].  

 

GLP-1 modulation by nutrients and single-nutrient foods: non-digestible 

carbohydrates and short-chain fatty acids  

In the colon, non-digestible carbohydrates undergo fermentation, leading to the 

production of various amounts of SCFAs according to their type [262-265]. SCFAs 

are carboxylic acids that contain fewer than 6 carbons, the most abundant ones being 

acetate, butyrate and propionate [266]. In humans, SCFAs concentrations range from 

~130 mmol/L in the caecum to ~80 mmol/L in the descending colon [266, 267]. 

Acetate appears to be the most abundant SCFA in the colon, followed by propionate 

and butyrate, with an overall colonic molar ratio of 50-60:15-20:10-20, respectively 

[266]. Fermentable dietary fiber and their metabolites (SCFAs) seem to promote GLP-

1 secretion from L-cells by interacting with the free fatty acid receptors 2 and 3 

(FFAR2, FFAR3) [251, 268-273]. An in vitro study showed that propionate was the 

most potent agonist of both FFAR2 and FFAR3, that acetate was more active and 

selective on FFAR2, and that butyrate was more active on FFAR3 than FFAR2 [273]. 

In colonic cell cultures, physiological concentrations of acetate, butyrate and 

propionate have been shown to stimulate GLP-1 secretion [274]. The role played by 

FFAR2 and FFAR3 in the SCFA-induced GLP-1 secretion was confirmed by 
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demonstrating the loss of postprandial GLP-1 secretion in FFAR2 and FFAR3 

knockout intestinal cells [274]. Similar results were found in vivo, where propionate-

induced GLP-1 secretion was lost in FFAR2 knockout rodents [275]. Additionally, 

Chambers and colleagues [276] recently showed that acute targeted delivery of 

propionate in the colon through an inulin-propionate ester supplement acutely 

stimulated GLP-1 secretion following a standard breakfast meal and reduced energy 

intake at a buffet-style lunch in adults with overweight or obesity. Concordant with 

the acute effects of GLP-1 on appetite sensations and food intake, daily delivery of 

propionate in the colon over 6 months also reduced body weight, abdominal fat and 

hepatic lipid accumulation as assessed with magnetic resonance imagery and 

spectroscopy [276]. The effects of diets rich in fermentable fiber on GLP-1 secretion 

have also been investigated in animal models and humans [277, 278]. The main way 

to increase colonic SCFA concentrations in humans is indeed through non-digestible 

carbohydrate consumption. Bodnaruc et al. have summarized the results from six 

experimental studies assessing the impact of fiber on GLP-1 secretion in animal 

models and humans; compared to a standard control diet, the consumption of a diet 

enriched in fermentable fiber for 50 days increased GLP-1 concentrations in the 

proximal colon, which was associated with an increased expression of proglucagon in 

colonic L-cells [246, 279, 280]. Fermentable fiber also decreased food intake, weight 

gain, as well as blood triglyceride concentrations and triglyceride accumulation in the 

liver [279]. Similarly, while also increasing GLP-1 blood concentrations and 

proglucagon expression in the colon, consumption of a diet rich in resistant starch for 

10 days increased peptide tyrosine-tyrosine (PYY) blood concentrations and colonic 

expression in rats [281]. This result is not surprising as the anorectic PYY is also 
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synthesized and released from L-cells, and its secretion could be stimulated by similar 

mechanisms as that of GLP-1. In healthy humans, a crossover pilot study showed that 

the daily supplementation with 16 g of fermentable fiber for a two-week period 

increased postprandial satiety, and decreased hunger, prospective food consumption 

as well as energy intake over 24 hours following the intake of a standard breakfast 

meal [280]. As GLP-1 blood concentrations were not assessed in this study, it is not 

known whether these effects were mediated by an increase in its secretion or through 

other mechanisms [280]. The effects of fermentable fiber in rodent models of diabetes 

were comparable to those found in healthy animals. Indeed, consumption of a diet 

enriched with fermentable fiber for 4 to 6 weeks increased GLP-1 concentrations in 

the proximal colon and portal vein, as well proglucagon expression in the proximal 

colon [282, 283]. In streptozotocin-treated diabetic rats, the fiber-enriched diet also 

up-regulated pro-hormone convertase 1 expression in the proximal colon and 

increased pancreatic β-cell mass which potentially mediated the improvement in 

glucose tolerance and the observed increase in insulin and C-peptide blood 

concentrations [282]. In mice with high-fat diet-induced diabetes, these effects were 

diminished with the use of a GLP-1R antagonist and were completely lost in a GLP-

1R knockout group of rats, therefore confirming the importance of GLP-1 interaction 

with its receptors for exerting its beneficial effects [283]. Overall, results from these 

studies suggest some pathways linking fermentable fiber to its positive effects on food 

intake, body weight gain and blood glucose homeostasis via an increased secretion of 

GLP-1. Fermentable fiber and SCFAs produced by their colonic fermentation appear 

to increase GLP-1 synthesis by upregulating the expression of proglucagon [280, 282-

284], as well as that of pro-hormone convertase 1 [282], which has been related also 
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to its cleavage [285]. Cani and colleagues also found an increased proximal colon’s L-

cell number with fermentable fiber consumption, which could be another possible 

explanation for the increased GLP-1 synthesis and secretion [284]. The increase in L-

cell number was also associated with an enhanced expression of transcription factors 

that are critical for the differentiation of intestinal stem cells into enteroendocrine cells 

such as neuregenin-3 and neuro-D [284]. In our study, the effects of SCFA-induced 

beneficial effects upon GLP-1 release has not been established already. Yet, previous 

findings from our research group proved a dietary intervention similar to HFV meal to 

significantly ameliorate gut microbiota health in dysbiotic T2D obese subjects [241]. 

It is reasonable to perform FFAR2 and FFAR3 receptors assessment in our future 

studies, considering that little in known regarding short term diet-induced effects upon 

GLP-1 release and that our dietary interventions differ considerably in terms of 

insoluble fiber (16.66 g in the HFV meal vs 2.23 g in the MED meal, table 3). 

 

GLP-1 modulation by nutrients and single-nutrient foods: free fatty acids  

Dietary lipids are often considered as triglycerides, which are composed of a glycerol 

molecule esterified with three fatty acids [286]. Upon ingestion, triglycerides undergo 

emulsification by bile salts in the duodenum, hydrolysis by lipases, and are absorbed 

by enterocytes in the form of glycerol and free fatty acids [286]. Free fatty acids, such 

as unsaturated long-chain fatty acids, are potent stimulators of GLP-1 release through 

interactions with free fatty acid receptors 1 and 4 (FFAR1, FFAR4) [287, 288]. 

Substrate binding to FFAR1 and FFAR4 activate phospholipase C, leading to inositol 

triphosphate mediated calcium release from the endoplasmic reticulum into the cytosol 

[289]. The secretion of GLP-1 has been shown to be increased by unsaturated long-
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chain fatty acids. As shown in table 3, this is in line with our findings as higher GLP-

1 release was assessed in MED meal, whose MUFA and PUFA content was higher 

than HFV meal (MUFA 15.93g vs 1.02g; PUFA 5.18g vs 1.41g, respectively). Several 

experimental studies assessing the impact of lipid consumption on GLP-1 secretion 

and blood concentrations have been conducted. Thomsen and colleagues started 

assessing GLP-1 responses following a meal containing 80g olive oil 20 years ago, 

either in healthy adults or adults with T2D [290, 291]. Compared with a meal 

containing butter, which is high in saturated fatty acids (SFA), the ingestion of the 

olive oil containing meal resulted in higher postprandial both GLP-1 and GIP blood 

concentrations, although no significant acute difference in blood glucose, nor insulin 

blood concentrations was observed [290, 291]. It has to be argued that 80 grams 

MUFA-rich olive oil is far away the usual daily intake seen in a typical Mediterranean 

dietary lifestyle, recently estimated to be > 4 tablespoon per day (one tablespoon being 

equal to 10 grams) [292]. In a subsequent study conducted in rodents, the prolonged 

consumption of an olive oil-enriched diet resulted in an increased GLP-1 secretion, 

which coincided with a higher glucose-stimulated insulin secretion, as well as an 

improved glucose tolerance at the 36th day of the intervention [293]. Comparable 

results were found in Streptozotocin-treated diabetic rats, where the intake of a diet 

rich in MUFA from olive oil for 50 days increased GLP-1 blood concentrations, 

decreased weight gain and improved insulin sensitivity [294]. In humans with 

abdominal obesity and insulin resistance, Paniagua and colleagues [295] showed that 

ingestion of a Mediterranean diet rich in olive oil for 28 days resulted in significantly 

higher postprandial GLP-1 blood concentrations (23% of total daily energy intake). 

Compared to a diet high in SFA, consumption of the Mediterranean diet also improved 
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insulin sensitivity, an effect which could have mediated the observed decrease in 

insulin secretion as well as fasting and postprandial blood glucose concentrations 

[295]. It is of interest to notice that these results are related to middle-long term olive 

oil administration whilst our project deal with acute, short term administration and 

therefore add knowledge in this field. Furthermore, these works did not address neither 

oxyntomodulin implications nor hunger/satiety perception in T2D. In addition to the 

beneficial effects of MUFAs, some studies showed that the colonic administration of 

the polyunsaturated α-linolenic acid acutely increased GLP- 1 and insulin blood 

concentrations, and decreased blood glucose concentrations in healthy and diabetic rat 

models [296]. Similarly, while also resulting in increased GLP-1 blood concentrations, 

long-term administration of α-linolenic acid has been shown to increase β-cell 

proliferation through the free fatty acid receptor GPR120 in rodents [297]. As GLP-1 

has been shown to decrease apoptosis, as well as to increase neogenesis of pancreatic 

β-cells, it has been speculated the increased β-cell proliferation may be mediated by 

the increase in GLP-1 concentrations induced by α-linolenic acid ingestion [297]. A 

recent study showed that fish oil and flax seed oil (which are a source of α-linolenic 

acid), taken at a concentration equal to 10% of daily energy intake, increased FFAR4 

expression in rodents’ colon and decreased the expression of the pro-inflammatory 

tumor necrosis factor α (TNFα) [298].  

Taken together, these studies suggest that, with similar energy contents, diets 

that are richer in MUFAs or omega-3 PUFA than in SFA could increase GLP-1 

secretion from L-cells, which may be a mediator for the increase in insulin secretion, 

insulin sensitivity, β-cell proliferation, as well as the improved glucose tolerance 

observed in animal models and in humans. Both PUFA n-3 and PUFA n-6 were 
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consistently lower in HFV meal compared with MED meal (PUFA n-3 = 1.38g vs 

2.22g; PUFA n-6 = 0.07g vs 2.62g, respectively). 

 

GLP-1 modulation by nutrients and single-nutrient foods: peptides and amino 

acids  

Dietary proteins are generally described as the most satiating nutrient, an effect which 

may be partly mediated by the stimulation of anorexigenic GI peptides secretion, 

including that of GLP-1 [299, 300]. Upon ingestion, proteins are broken down by acid 

hydrolysis and proteases to produce peptones, tripeptides, dipeptides and single amino 

acids. Specifics mechanisms responsible for protein-induced GLP-1 secretion are 

relatively poorly understood, and the optimal profile of proteins’ breakdown products 

remains to be elucidated. Nonetheless, two pathways by which products of protein 

breakdown seem to stimulate GLP-1 secretion is through their binding to the calcium-

sensing receptors (CaSR) and the class C, group 6, subtype A GPCR (GPCR-C6A) 

which are expressed on L-cells. CaSR binds to a variety of amino acids including 

phenylalanine, tryptophan, asparagine, arginine, glutamine and histidine, as well as to 

peptones, tri- and dipeptides [301, 302]. Their binding to CaSR stimulated GLP-1 

secretion, such effect being abolished with the use of a CaSR inhibitor [301, 302]. Oya 

and colleagues [303] have shown that GPCR-C6A binds to the basic amino acids 

arginine, lysine and ornithine. The stimulatory effect of these amino acids on GLP-1 

secretion was abolished in GPCR-C6A knockout intestinal cells [303]. Interesting 

findings in the field of protein and GLP-1 release are those established by Hall et al., 

in which whey protein has been observed to stimulate GLP-1 release significantly 

more than casein-derived protein, such findings being corroborated by VAS ratings in 
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terms of satiety. Furthermore, plasma amino acid profiles of branched-chain amino 

acids valine, leucine and isoleucine plus threonine resulted significantly increased 

following whey preload compared with casein preload (all P<0.001) [304]. This group 

also assessed plasma paracetamol concentrations following whey and casein preload 

to evaluate gastric emptying, the latter being related to a faster initial rise concentration 

and then a levelling off compared with the whey preload (P<0.05) [304]. It is known 

that casein differ from whey being a coagulative protein, which results in slower 

gastric emptying rate (preload X time effect) and lower postprandial plasma amino 

acids excursions compared with the non-coagulative protein whey [305].  

Another important, poorly investigated aspect is protein source in relation to 

anorexigenic hormonal release and satiety feeling, specifically an assessment of plant-

based versus animal protein.  

In our study, we compared a vegetarian meal high in complex carbohydrate 

and fiber with a Mediterranean-like meal, thereby comparing both of these protein 

sources. As protein content differed considerably (16.3% of total caloric intake in the 

HFV meal vs. 24% in the MED meal), a future perspective may lie in the assessment 

of similar quantities of both plat-based and animal-based protein. In addition, MED 

meal has both protein sources (25.5g animal-derived; 10.21g plant-derived) while 

HFV had plant-derived protein only (18.33g). This is another topic which deserves 

further insights, considering that no differences in VAS scores was assessed despite 

these dietary features – such protein content may be expected to lead to higher satiety 

feeling during MED meal than that related to HFV meal.  
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Incretin release in mixed-nutrient foods  

In contrast with single nutrients and single-nutrient foods such as oil, more complex 

foods containing a mix of nutrients are more representative of what humans consume 

and could allow targeting a combination of enteroendocrine pathways that would 

synergistically enhance GLP-1 secretion. In regards to T2D management, clinical 

guidelines recommend carbohydrate intake from high-fiber foods such as vegetables, 

fruit, legumes and whole grains, while limiting SFAs intake and promoting that of 

MUFA and n-3 PUFA [306, 307], all of which have been associated to different 

extents with an increased GLP-1 secretion. Some experimental studies conducted with 

healthy individuals have examined the effects of several specific foods on glycemic 

response, subjective appetite sensations as well as energy intake at a subsequent meal. 

These include oatmeal [308, 309], dried fruit such as pistachio [310-312], almonds 

[313-317] and peanuts [318], eggs, either at breakfast [319, 320] and at lunchtime 

[321, 322], avocado [323], as well as fiber-enriched wheat [324] and barley [325]. 

Several researchers have investigated the effects of high-fiber grain products, which 

could enhance GLP-1 secretion by binding to SGLT-1, FFAR2 and FFAR3. In this 

regard, two recent studies compared appetite responses after isoenergetic breakfast 

meals containing ready-to-eat breakfast cereals (low-fiber) or oatmeal (high-fiber) 

among healthy young adults, showing ready-to-eat breakfast cereals to be related to 

increased satiety and reduced hunger, desire to eat, as well as subjective prospective 

food intake compared with oatmeal (66.8 g) [308, 309]. Furthermore, oatmeal 

decreased energy intake at the following meal [309]. Likewise, in adults with insulin 

resistance, daily consumption of a high wheat-fiber breakfast cereal (test group, 24 

g/day of fiber from the cereal) for one year significantly increased colonic SCFA 
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production, as well as GLP-1 blood concentrations compared to low-fiber breakfast 

cereals (control group, 0.5 g/day of fiber from the cereal) [324]. More specifically, at 

month 9 during the intervention, acetate and butyrate plasma concentrations were 

already significantly higher in the test group [324]. Along the same lines, Nilsson and 

colleagues showed that consumption of high-fiber barley kernel-based bread for 3 days 

was associated with increased fasting GLP-1 blood concentrations, as well as 

increased postprandial PYY blood concentrations in healthy adults [325]. These 

changes in GI peptides concentrations were associated with improved insulin 

sensitivity and decreased post- prandial blood glucose concentrations in healthy 

individuals [325]. The fact that the authors found an increase in breath hydrogen and 

SCFAs blood concentrations, suggests that the positive effects of the barley kernel-

based bread were mediated by an increased SCFAs production triggered by the colonic 

of dietary fiber [325]. The addition of foods with a high protein, MUFA and fiber 

content, such as almonds (30g to 90g) or pistachios (28g to 85g) to a high-carbohydrate 

meal has also been shown to improve postprandial glycemic responses in a dose-

dependent manner [310-317]. Jenkins at al. also found a decrease in insulin secretion 

in healthy adults and in adults with hyperlipidemia following acute and prolonged 

almond consumption. Similarly, daily intake of 50g of pistachios for 12 weeks 

decreased C-reactive protein blood concentrations, systolic blood pressure, and body 

mass index in adults with T2D [314]. In women with obesity, consumption of either 

peanuts or peanut butter (42.5g) as part of a standard breakfast meal increased 

postprandial insulin blood concentrations and decreased desire to eat following a 

standard lunch meal. Additionally, peanut butter significantly increased postprandial 

PYY blood concentrations and decreased postprandial blood glucose concentrations 
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following the standard lunch meal [325]. Since GLP-1 and PYY are co-released from 

L-cells, it is plausible that peanut butter may also promote postprandial GLP-1 

secretion. Mori et al. found no significant differences in GLP-1 blood concentrations 

following the addition of 42.5g of almonds to a meal containing carbohydrate, which 

could be due to a relatively small sample size of 14 IGT patients [316]. Indeed, with a 

larger sample size, Kendall et al. found higher GLP-1 and glucose insulinotropic 

peptide blood concentrations following the addition of 85 g of pistachios to a meal 

containing carbohydrate in adults with metabolic syndrome [311]. As Reis et al. 

showed no statistically significant difference in GLP-1 blood concentrations with the 

addition of 42.5g of peanuts or peanut butter to a carbohydrate-containing meal, it is 

also possible that higher quantities of nuts are necessary to induce a sufficient rise in 

GI hormone secretion [318]. Consumption of 2 to 3 eggs, which are high in protein 

and also contain MUFAs, for breakfast or lunch, has been shown to improve subjective 

postprandial appetite sensations [319-322]. Furthermore, when compared to a bagel 

breakfast, consumption of a breakfast containing 3 eggs (one egg weighs about 50g to 

60g) in adult men was associated with a lower post- prandial blood glucose 

concentration, decreased hunger, and reduced energy intake in the next 24 hours [160]. 

Men also reported higher subjective satisfaction after eating eggs [319]. While GLP-1 

blood concentrations were not measured in these studies, Liu and al. found a 

significant increase in postprandial blood concentrations of PYY in adolescents 

following ingestion of an egg-containing breakfast compared to an isocaloric bagel 

breakfast [320]. One study also showed that adding avocado (50g to 90g), which is 

high in fiber and MUFAs, to a high-carbohydrate isocaloric meal improved subjective 

satiety sensation and satisfaction [323].  
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Diet, appetite behavior, and VAS score 

Lifestyle interventions are crucial for disease prevention and treatment, including 

metabolic conditions such as T2D and obesity, such actions being largely mediated by 

hunger/satiety hormonal release and ultimately by appetite sensation. A recent 

Australian work has addressed acute GLP-1 response to different macronutrients in 

adolescents, whose effective weight management and is of paramount importance in 

reducing disease risk in adulthood, through the administration of a VAS in relation to 

a high-protein (whey: 55% protein, 30% carbohydrate, 15% fat) or high-carbohydrate 

(maltodextrin: 79% carbohydrate, 5% protein, 16% fat) liquid breakfast [326]. Whilst 

orexigenic ghrelin hormone was significantly affected (i.e., diminished) by high-

protein meal consumption (P=0.008), with non-significant difference between healthy 

and obese subjects, GLP-1 and PYY response was similar in both of the test meals. 

The authors have suggested such smaller ghrelin drop seen in obese adolescents be 

related to lower baseline levels and therefore to partial release inhibition which may 

hinder the magnitude of a specific high-protein meal compared with healthy subjects 

[326]. The lack of significance in GLP-1 response seen by Nguo et al. is in contrast 

with other studies showing an attenuation in obese children as well as in obese adults 

[300], despite evidences in GLP-1 release advocating protein to be more effective than 

carbohydrate exist [327, 328].  
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Diet and oxyntomodulin release  

Oxyntomodulin is released from the endocrine intestinal cells 5-10 minutes following 

a meal and proportionally to caloric intake [217, 329], and acts via G-protein coupled 

receptors (GPCR) either on afferent nerves or directly on hypothalamic arcuate 

neurons by inhibiting expression and release of orexigenic NPY and AgRP peptides, 

as described before. It has been established that an impairment in the orexigenic and 

anorexigenic balance may result in disorders of hunger/satiety circuitry and ultimately 

in feeding behavior, with subsequent weight gain (obesity) or weight loss (cachexia) 

[330]. Schjoldager et al. estimated a metabolic clearance rate in humans around 

5mL/kg per minute for plasma samples, with a 12-minute half-life as determined after 

intravenous infusion of synthetic oxyntomodulin to steady state levels [331]. Plasma 

levels are however quite low, from 0 to 30 pmol/L (0 to 110.1 pg/mL) [230]. As 

oxyntomodulin may be subjected to DPP-IV mediated degradation, specific resistant 

analogues have recently been deployed [332, 333]. 

A wealth of evidence is available regarding oxyntomodulin release and decrease in 

hunger score and food intake [220, 230, 330, 334, 335], with endocrine effects that 

include suppression of ghrelin plasma levels [330], increase in energy expenditure 

[223, 335], and inhibitory control on gastropancreatic functions [230, 336]. An elegant 

investigation performed by ElHindawy et al. compared dietary starch digestion 

products with malt-oligosaccharides (MOS) upon L-cells activation, proving the latter 

to be more effective in GLP-1 release [337]. These findings may be related to previous 

works led by our research group, in which obese T2D patients ameliorated their 
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glycemic response following a high-carbohydrate, high-fiber diet compared with a 

standard control diet, although these study did not involve GLP-1 nor oxyntomodulin  

levels, hindering the hypothesis of such relationship [173, 174]. However, the findings 

from ElHindawi et al. are of usefulness as, at present, very scarce is the evidence 

addressing nutrients upon oxyntomodulin release in a dose-dependent manner and 

with a causal effect relating diet and satiety. The levels of oxyntomodulin seen at 

fasting in our study are a little bit higher than those stated by Holst et al., which may 

be related to the fact that we enrolled diabetic obese patients with a history of T2D of 

at least 2 years. This may be of interest as data on the progression of the disease and 

oxyntomodulin arousal are not available to date. It may be speculated such increase in 

plasma oxyntomodulin be related to a compensation to mitigate the excess of calories 

often seen in these subjects. Future studies are needed to clarify and provide novel 

insights into oxyntomodulin and diabetes progression and management. Future 

investigations are also required to provide further data on postprandial oxyntomodulin 

trend. In our study, plasma oxyntomodulin levels do not decrease as quick as Holst et 

al. have established [230]. Specifically, the composition of the MED control meal we 

deployed may have significantly stimulated oxyntomodulin release over the following 

150 minutes (figure 7). Since no data are available on oxyntomodulin trend following 

dietary approaches different in macronutrient composition, we can speculate the higher 

protein and fat content be responsible for higher postprandial plasma oxyntomodulin 

levels.  
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CONCLUSIONS AND FUTURE PERSPECTIVES 

With this PhD thesis, we aimed to broaden current scientific knowledge regarding the 

field of T2D and T2D-related hormonal release, with a focus on the evaluation of 

hunger/satiety circuitry derangement. This project presents several limitations and 

strengths that should be acknowledged. We provided novel insights into 

oxyntomodulin release and trend over time, plus new data on GLP-1 release and trend 

over time, with two different dietary interventions being a) a high-fiber vegetarian 

meal whose evidence in literature is increasing, and b) the renowned Mediterranean 

diet.  

Manipulating the composition of the diet in order to promote GLP-1 secretion 

represents a promising lifestyle strategy for obesity and T2D management. The 

therapeutic potential of GLP-1 has already been established as several pharmaceutical 

agents promoting its effects are successfully used for blood glucose management in 

individuals with T2D, and for body weight management in individuals with obesity 

[338, 339]. In comparison with the use of GLP-1RA and DPP-IVi, targeting 

endogenous pathways through dietary modifications has the added benefits of 

potentially stimulating the release of other anorexigenic gut peptides (e.g., 

oxyntomodulin and PYY), promoting beneficial changes in several markers of 

cardiometabolic health such as helping normalize blood lipid profile and blood 

pressure, as well as avoiding side effects associated with medication. Furthermore, as 

DPP-IV pharmacological action depends on the bioavailability of endogenous GLP-1 

into the bloodstream, combining the use of this drug type with a diet promoting GLP-

1 secretion could promote DPP- IV inhibitors’ action and potentially allow the use of 

lower doses and/or a synergistic effect. Therefore, it would be worthwhile to 
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investigate the relationship between diet composition and DPP-IV inhibitors’ efficacy 

in future studies. 

With this thesis is being written in June 2019, a manuscript on these data will 

be submitted to an international scientific journal for peer-review and publication. The 

overall scientific production during this PhD course is shown below.  

 
  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 90 

SCIENTIFIC PRODUCTION  

 
- Di Mauro A, Tuccinardi D, Del Toro R, Buzzetti R, Campagna G, Pozzilli F, Pianesi M and 

Pozzilli P (abstract). Use of Diabetes Risk Score in the evaluation of type-2 diabetes risk 

following Ma-Pi macrobiotic and other diets. 2017 IDF Annual Congress  

- Di Mauro A, Tuccinardi D, Del Toro R, Gesuita R, Pozzilli F, Pianesi M and Pozzilli P 

(abstract). Comparison of macrobiotic and different dietary regimens in self-perception and 

quality of life through EQ-5D-3L questionnaire. 2017 IDF Annual Congress  

- Soare A, Khazrai YM, Fontana L, Del Toro R, Lazzaro MC, Di Rosa C, Buldo A, Fioriti E, 

Maddaloni E, Angeletti S, Di Mauro A, Gesuita R, Skrami E, Tuccinardi D, Fallucca S, 

Pianesi M and Pozzilli P. Treatment of Reactive Hypoglycemia with the Macrobiotic Ma-Pi 2 

Diet as Assessed by Continuous Glucose Monitoring: the MAHYP Randomized Crossover 

Trial. Metab Clin Exp 2017 Apr 69: 148-156. DOI: 10.1016/j.metabol.2017.01.023  

- Strollo R, Soare A, Khazrai YM, Di Mauro A, Del Toro R, Fallucca S, Belluomo MG, Dugo 

L, Pozzilli P and Napoli N. Increased sclerostin and bone turnover after diet-induced weight 

loss in type-2 diabetes: a post hoc analysis of the MADIAB trial. Endocrine 2016 Nov 25. 

DOI: 10.1007/s12020-016-1171-7  

- Soare A, Del Toro R, Khazrai YM, Di Mauro A, Fallucca S, Angeletti S, Skrami E, Gesuita 

R, Tuccinardi D, Manfrini S, Fallucca F, Pianesi m and Pozzilli P. A 6-month follow-up study 

of the randomized controlled Ma-Pi macrobiotic dietary intervention (MADIAB trial) in type 

2 diabetes. Nutr Diabetes 2016 Aug 15;6(8):e222. DOI: 10.1038/nutd.2016.29.  

- Di Mauro A, Khazrai YM, Soare A, Fontana L, Del Toro R, Lazzaro MC, Di Rosa C, Buldo 

A, Fioriti E, Maddaloni E, Angeletti S, Gesuita R, Tuccinardi D, Fallucca S, and Pozzilli P 

(abstract). Treatment of reactive hypoglycemia with macrobiotic Ma-Pi 2 diet for prevention 

of type 2 diabetes: the MAHYP randomised crossover trial. Diabetologia (2016) 59 (Suppl 

1):S335-S336. DOI: 10.1007/s00125-016-4046-9  

- Strollo R, Soare A, Khazrai YM, Di Mauro A, Del Toro R, Fallucca S, Belluomo MG, Dugo 

L, Pozzilli P, and Napoli N (abstract). The Effect of Diet-induced Weight Loss on Bone 

Turnover in Patients with Type 2 Diabetes. American Diabetes Association, 76th Scientific 

Session, June 13th, 2016.  

 
 

 

 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 91 

REFERENCES 
 
1. International Diabetes Federation. IDF Diabetes Atlas – 8th Edition, 2017. Online 

version available from www.diabetesatlas.org. Accessed on November 7th, 2018. 

2. American Diabetes Association. Standards of Medical Care in Diabetes – 2018. 

Diabetes Care 2018;41, Supplement 1. 

3. Ali MK, Bullard KM, Saaddine JB, Cowie CC, Imperatore G, Gregg EW. 

Achievement of goals  

in U.S. diabetes care, 1999-2010. N Engl J Med 2013;368:1613–1624 

5. World Health Organization Commission on Social Determinants of Health. 

Closing the gap in a generation: health equity through action on the social 

determinants of health. Geneva, Switzerland, World Health Organization, 2008. 

Available from 

http://www.who.int/social_determinants/final_report/csdh_finalreport_2008.pdf. 

Accessed on June 4th, 2019. 

6. Skyler JS, Bakris GL, Bonifacio E, et al. Differentiation of diabetes by 

pathophysiology, natural history, and prognosis. Diabetes 2017;66:241–255  

7. International Expert Committee. International Expert Committee report on the role 

of the A1C assay in the diagnosis of diabetes. Diabetes Care 2009;32:1327–1334  

8. Tuomilehto J, Lindstrom J, Eriksson JG, et al.; Finnish Diabetes Prevention Study 

Group. Prevention of type 2 diabetes mellitus by changes in lifestyle among subjects 

with impaired glucose tolerance. N Engl J Med 2001;344:1343–1350  

9. Knowler WC, Barrett-Connor E, Fowler SE, et al.; Diabetes Prevention Program 

Research Group. Reduction in the incidence of type 2 diabetes with lifestyle 

intervention or metformin. N Engl J Med 2002;346:393–403  

10. Cowie CC, Rust KF, Byrd-Holt DD, et al. Prevalence of diabetes and high risk for 

diabetes using A1C criteria in the U.S. population in 1988–2006. Diabetes Care 

2010;33:562–568  

11. Nowicka P, Santoro N, Liu H, et al. Utility of hemoglobin A1c for diagnosing 

prediabetes and diabetes in obese children and adolescents. Diabetes Care 

2011;34:1306–1311  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 92 

12. Lacy ME, Wellenius GA, Sumner AE, Correa A, Carnethon MR, Liem RI, et al. 

Association of sickle cell trait with hemoglobin A1c in African Americans. JAMA 

2017;317:507–515  

13. Wheeler E, Leong A, Liu C-T, et al.; EPIC-CVD Consortium; EPIC-InterAct 

Consortium; Lifelines Cohort Study. Impact of common genetic determinants of 

hemoglobin A1c on type 2 diabetes risk and diagnosis in ancestrally diverse 

populations: a transethnic genome-wide meta-analysis. PLoS Med 2017;14:e1002383 

14. Ziemer DC, Kolm P, Weintraub WS, et al. Glucose-independent, black-white 

differences in hemoglobin A1c levels: a cross-sectional analysis of 2 studies. Ann 

Intern Med 2010;152:770–777  

15. Kumar PR, Bhansali A, Ravikiran M, et al. Utility of glycated hemoglobin in 

diagnosing type 2 diabetes mellitus: a community-based study. J Clin Endocrinol 

Metab 2010;95:2832–2835  

16. Herman WH. Are there clinical implications of racial differences in HbA1c? Yes, 

to not consider can do great harm! Diabetes Care 2016;39:1458– 1461  

17. Herman WH, Ma Y, Uwaifo G, et al. Diabetes Prevention Program Research 

Group. Differences in A1C by race and ethnicity among patients with impaired glucose 

tolerance in the Diabetes Prevention Program. Diabetes Care 2007;30:2453– 2457  

18. Bergenstal RM, Gal RL, Connor CG, et al.; T1D Exchange Racial Differences 

Study Group. Racial differences in the relationship of glucose concentrations and 

hemoglobin A1c levels. Ann Intern Med 2017;167:95–102  

19. Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. Report 

of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. 

Diabetes Care 1997; 20:1183–1197  

20. Genuth S, Alberti KG, Bennett P, et al.; Expert Committee on the Diagnosis and 

Classification of Diabetes Mellitus. Follow-up report on the diagnosis of diabetes 

mellitus. Diabetes Care 2003;26: 3160–3167  

21. American Diabetes Association. Diagnosis and classification of diabetes mellitus. 

Diabetes Care 2011;34(Suppl. 1):S62–S69 

22. Zhang X, Gregg EW, Williamson DF, et al. A1C level and future risk of diabetes: 

a systematic review. Diabetes Care 2010;33:1665–1673  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 93 

23. Selvin E, Steffes MW, Zhu H, et al. Glycated hemoglobin, diabetes, and 

cardiovascular risk in nondiabetic adults. N Engl J Med 2010;362:800– 811  

24. Ackermann RT, Cheng YJ, Williamson DF, Gregg EW. Identifying adults at high 

risk for diabetes and cardiovascular disease using hemoglobin A1c National Health 

and Nutrition Examination Survey 2005-2006. Am J Prev Med 2011;40:11–17  

25. Diabetes Prevention Program Research Group. HbA1c as a predictor of diabetes 

and as an outcome in the Diabetes Prevention Program: a randomized clinical trial. 

Diabetes Care 2015;38: 51–58  

26. Dabelea D, Rewers A, Stafford JM, et al.; SEARCH for Diabetes in Youth Study 

Group. Trends in the prevalence of ketoacidosis at diabetes diag- nosis: the SEARCH 

for Diabetes in Youth Study. Pediatrics 2014;133:e938–e945  

27. Insel RA, Dunne JL, Atkinson MA, et al. Staging presymptomatic type 1 diabetes: 

a scientific statement of JDRF, the Endocrine Society, and the American Diabetes 

Association. Diabetes Care 2015;38:1964–1974  

28. Ziegler AG, Rewers M, Simell O, et al. Seroconversion to multiple islet 

autoantibodies and risk of progression to diabetes in children. JAMA 2013;309:2473–

2479  

29. Orban T, Sosenko JM, Cuthbertson D, et al.; Diabetes Prevention Trial-Type 1 

Study Group. Pancreatic islet autoantibodies as predictors of type 1 diabetes in the 

Diabetes Prevention Trial– Type 1. Diabetes Care 2009;32:2269–2274  

30. Umpierrez G, Korytkowski M. Diabetic emergencies - ketoacidosis, 

hyperglycaemic hyperosmolar state and hypoglycaemia. Nat Rev Endo- crinol 

2016;12:222–232  

31. Fadini GP, Bonora BM, Avogaro A. SGLT2 inhibitors and diabetic ketoacidosis: 

data from the FDA Adverse Event Reporting System. Diabetologia 2017;60:1385–

1389  

32. Lindstrom J, Tuomilehto J. The diabetes risk score: a practical tool to predict type 

2 diabetes risk. Diabetes Care 2003;26(3):725-31 

33. Griffin SJ, Borch-Johnsen K, Davies MJ, et al. Effect of early intensive 

multifactorial therapy on 5-year cardiovascular outcomes in individuals with type 2 

diabetes detected by screening (ADDITION- Europe): a cluster-randomised trial. 

Lancet 2011; 378:156–167  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 94 

34. Herman WH, Ye W, Griffin SJ, et al. Early detection and treatment of type 2 

diabetes reduce cardiovascular morbidity and mortality: a simulation of the results of 

the Anglo-Danish-Dutch Study of Intensive Treatment in People with Screen-Detected 

Diabetes in Primary Care (ADDITION-Europe). Diabetes Care 2015;38: 1449–1455  

35. Kahn R, Alperin P, Eddy D, et al. Age at initiation and frequency of screening to 

detect type 2 diabetes: a cost-effectiveness analysis. Lancet 2010;375:1365–1374  

36. Araneta MRG, Kanaya A, Fujimoto W, et al. Optimum BMI cut-points to screen 

Asian  

Americans for type 2 diabetes: The UCSD Filipino Health Study and the North 

Kohala Study [Abstract]. Diabetes 2014;63 (Suppl.1):A20 

37. Hsu WC, Araneta MRG, Kanaya AM, Chiang JL, Fujimoto W. BMI cut points to 

identify at-risk Asian Americans for type 2 diabetes screening. Diabetes Care 

2015;38:150–158  

38. WHO Expert Consultation. Appropriate body- mass index for Asian populations 

and its implications for policy and intervention strategies. Lancet 2004;363:157–163  

39. Menke A, Casagrande S, Geiss L, Cowie CC. Prevalence of and trends in diabetes 

among adults in the United States, 1988-2012. JAMA 2015;314:1021–1029  

40. Centers for Disease Control and Prevention. National diabetes statistics report: 

estimates of diabetes and its burden in the United States, 2017 [Internet]. Available 

from www.cdc.gov/diabetes/data/statistics/statistics-report .html. Accessed on 

November 4th, 2018 

41. Chiu M, Austin PC, Manuel DG, Shah BR, Tu JV. Deriving ethnic-specific BMI 

cutoff points for assessing diabetes risk. Diabetes Care 2011;34: 1741–1748  

42. Buse JB, Kaufman FR, Linder B, Hirst K, El Ghormli L, Willi S; HEALTHY 

Study Group. Diabetes screening with hemoglobin A1c versus fasting plasma glucose 

in a multiethnic middle-school cohort. Diabetes Care 2013;36:429–435  

43. Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. Report 

of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. 

Diabetes Care 1997; 20:1183–1197  

44. Lawrence JM, Contreras R, Chen W, Sacks DA. Trends in the prevalence of 

preexisting diabetes and gestational diabetes mellitus among a racially/ethnically 

diverse population of pregnant women, 1999–2005. Diabetes Care 2008;31:899– 904  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 95 

45. McIntyre HD, Sacks DA, Barbour LA, et al. Is- sues with the diagnosis and 

classification of hyperglycemia in early pregnancy. Diabetes Care 2016;39:53–54  

46. Ratner RE, Christophi CA, Metzger BE, et al.; Diabetes Prevention Program 

Research Group. Prevention of diabetes in women with a history of gestational 

diabetes: effects of metformin and lifestyle interventions. J Clin Endocrinol Metab 

2008;93:4774–4779  

47. Aroda VR, Christophi CA, Edelstein SL, et al.; Diabetes Prevention Program 

Research Group. The effect of lifestyle intervention and metformin on preventing or 

delaying diabetes among women with and without gestational diabetes: the Diabetes 

Prevention Program Outcomes Study 10-year follow-up. J Clin Endocrinol Metab 

2015;100:1646–1653  

48. Metzger BE, Lowe LP, Dyer AR, et al.; HAPO Study Cooperative Research 

Group. Hyperglycemia and adverse pregnancy outcomes. N Engl J Med 

2008;358:1991–2002  

49. Werner EF, Pettker CM, Zuckerwise L, et al. Screening for gestational diabetes 

mellitus: are the criteria proposed by the International Association of the Diabetes and 

Pregnancy Study Groups cost-effective? Diabetes Care 2012;35:529–535  

50. De Franco E, Flanagan SE, Houghton JAL, et al. The effect of early, 

comprehensive genomic testing on clinical care in neonatal diabetes: an inter- national 

cohort study. Lancet 2015;386:957–63  

51. Selvin E, Coresh J, Brancati FL. The burden and treatment of diabetes in elderly 

individuals in the U.S. Diabetes Care 2006;29:2415–9.  

52. Grant RW, Ashburner JM, Hong CS, Chang Y, Barry MJ, Atlas SJ. Defining 

patient complexity from the primary care physician’s perspective: a cohort study. Ann 

Intern Med 2011;155:797–804  

53. Tinetti ME, Fried TR, Boyd CM. Designing health care for the most common 

chronic condition - multimorbidity. JAMA 2012;307:2493–4  

54. Sudore RL, Karter AJ, Huang ES, et al. Symptom burden of adults with type 2 

diabetes across the disease course: Diabetes & Aging Study. J Gen Intern Med 

2012;27:1674–81  

55. Triolo TM, Armstrong TK, McFann K, et al. Additional autoimmune disease found 

in 33% of patients at type 1 diabetes onset. Diabetes Care 2011;34:1211–3  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 96 

56. Hughes JW, Riddlesworth TD, DiMeglio LA, Miller KM, Rickels MR, McGill JB; 

T1D Exchange Clinic Network. Autoimmune diseases in children and adults with type 

1 diabetes from the T1D Exchange Clinic Registry. J Clin Endocrinol Metab 

2016;101:4931–7  

57. Kahaly GJ, Hansen MP. Type 1 diabetes associated autoimmunity. Autoimmun 

Rev 2016;15: 644–8 

58. Eisenbarth GS, Gottlieb PA. Autoimmune polyendocrine syndromes. N Engl J 

Med 2004;350: 2068–79  

59. Rawlings AM, Sharrett AR, Schneider ALC, et al. Diabetes in midlife and 

cognitive change over 20 years: a cohort study. Ann Intern Med 2014;161:785–93  

60. Cukierman-Yaffe T, Gerstein HC, Williamson JD, et al.; Action to Control 

Cardiovascular Risk in Diabetes-Memory in Diabetes (ACCORD-MIND) 

Investigators. Relationship between baseline glycemic control and cognitive function 

in individuals with type 2 diabetes and other cardiovascular risk factors: the Action to 

Control Cardiovascular Risk in Diabetes-Memory in Diabetes (ACCORD-MIND) 

trial. Diabetes Care 2009;32:221–226  

61. Launer LJ, Miller ME, Williamson JD, et al.; ACCORD MIND Investigators. 

Effects of intensive glucose lowering on brain structure and function in people with 

type 2 diabetes (ACCORD MIND): a randomised open-label substudy. Lancet Neurol 

2011;10:969–977  

62. Whitmer RA, Karter AJ, Yaffe K, Quesenberry CP Jr, Selby JV. Hypoglycemic 

episodes and risk of dementia in older patients with type 2 diabetes mellitus. JAMA 

2009;301:1565–72  

63. Punthakee Z, Miller ME, Launer LJ, et al.; ACCORD Group of Investigators; 

ACCORD-MIND Investigators. Poor cognitive function and risk of severe 

hypoglycemia in type 2 diabetes: post hoc epidemiologic analysis of the ACCORD 

trial. Diabetes Care 2012;35:787–93  

64. Franz MJ, Boucher JL, Rutten-Ramos S, VanWormer JJ. Lifestyle weight-loss 

intervention outcomes in overweight and obese adults with type 2 diabetes: a 

systematic review and meta-analysis of randomized clinical trials. J Acad Nutr Diet 

2015; 115:1447–63  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 97 

65. American Gastroenterological Association. American Gastroenterological 

Association medical position statement: nonalcoholic fatty liver disease. 

Gastroenterology 2002;123:1702–4  

66. Cusi K, Orsak B, Bril F, et al. Long-term pioglitazone treatment for patients with 

nonalcoholic steatohepatitis and prediabetes or type 2 diabetes mellitus: a randomized 

trial. Ann Intern Med 2016;165:305–15  

67. Hardt PD, Brendel MD, Kloer HU, et al. Is pancreatic diabetes (type 3c diabetes) 

under-diagnosed and misdiagnosed? Diabetes Care 2008;31(Suppl. 2):S165–S169  

68. Lee Y-K, Huang M-Y, Hsu C-Y, et al. Bidirectional relationship between diabetes 

and acute pancreatitis: a population-based cohort study in Taiwan. Medicine 

(Baltimore) 2016;95:e2448  

69. Das SLM, Singh PP, Phillips ARJ, Murphy R, Windsor JA, Petrov MS. Newly 

diagnosed diabetes mellitus after acute pancreatitis: a systematic review and meta-

analysis. Gut 2014;63: 818–831  

70. Petrov MS. Diabetes of the exocrine pancreas: American Diabetes Association-

compliant lexicon. Pancreatology 2017;17:523–526 

71. Thomsen RW, Pedersen L, Møller N, Kahlert J, Beck-Nielsen H, Sørensen HT. 

Incretin-based therapy and risk of acute pancreatitis: a nationwide population-based 

case-control study. Diabetes Care 2015;38:1089–1098  

72. Tka ́ cˇ I, Raz I. Combined analysis of three large interventional trials with gliptins 

indicates increased incidence of acute pancreatitis in patients with type 2 diabetes. 

Diabetes Care 2017;40:284-6  

73. Webb MA, Illouz SC, Pollard CA, et al. Islet auto transplantation following total 

pancreatectomy: a long-term assessment of graft function. Pancreas 2008;37:282–7  

74. Sutherland DER, Radosevich DM, Bellin MD, et al. Total pancreatectomy and 

islet autotransplantation for chronic pancreatitis. J Am Coll Surg 2012;214:409–24  

75. Bellin MD, Gelrud A, Arreaza-Rubin G, et al. Total pancreatectomy with islet 

autotransplantation: summary of an NIDDK workshop. Ann Surg 2015;261:21–9  

76. Wu Q, Zhang M, Qin Y, et al. Systematic re- view and meta-analysis of islet 

autotransplantation after total pancreatectomy in chronic pancreatitis patients. Endocr 

J 2015;62:227–34. 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 98 

77. Quartuccio M, Hall E, Singh V, et al. Glycemic predictors of insulin independence 

after total pancreatectomy with islet autotransplantation. J Clin Endocrinol Metab 

2017;102:801–9  

78. Janghorbani M, Van Dam RM, Willett WC, Hu FB. Systematic review of type 1 

and type 2 diabetes mellitus and risk of fracture. Am J Epidemiol 2007;166:495–505  

79. Vestergaard P. Discrepancies in bone mineral density and fracture risk in patients 

with type 1 and type 2 diabetes - a meta-analysis. Osteoporos Int 2007;18:427–444  

80. Schwartz AV, Vittinghoff E, Bauer DC, et al.; Study of Osteoporotic Fractures 

(SOF) Research Group; Osteoporotic Fractures in Men (MrOS) Research Group; 

Health, Aging, and Body Composition (Health ABC) Research Group. Association of 

BMD and FRAX score with risk of fracture in older adults with type 2 diabetes. JAMA 

2011;305: 2184–2192  

81. Napoli N, Strotmeyer ES, Ensrud KE, et al. Fracture risk in diabetic elderly men: 

the MrOS study. Diabetologia 2014;57(10):2057-65 

82. Napoli N, Chandran M, Pierroz DD, et al. Mechanisms of diabetes mellitus-

induced bone fragility. Nat Rev Endocrinol 2016;13:208-19 

83. Kahn SE, Zinman B, Lachin JM, et al.; Diabetes Outcome Progression Trial 

(ADOPT) Study Group. Rosiglitazone-associated fractures in type 2 diabetes: an 

analysis from A Diabetes Outcome Progression Trial (ADOPT). Diabetes Care 

2008;31: 845–851  

84. Taylor SI, Blau JE, Rother KI. Possible adverse effects of SGLT2 inhibitors on 

bone. Lancet Diabetes Endocrinol 2015;3:8–10 

85. Chiasson JL, Josse RG, Gomis R, et al. Acarbose for prevention of type 2 diabetes 

mellitus: the STOP-NIDDM randomised trial. Lancet 2002;359:2072–2077  

86. Torgerson JS, Hauptman J, Boldrin MN, Sjostrom L. XENical in the prevention 

of diabetes in obese subjects (XENDOS) study: a randomized study of orlistat as an 

adjunct to lifestyle changes for the prevention of type 2 diabetes in obese patients. 

Diabetes Care 2004;27:155–161  

87. le Roux CW, Astrup A, Fujioka K, et al.; SCALE Obesity Prediabetes NN8022-

1839 Study Group. 3 years of liraglutide versus placebo for type 2 diabetes risk 

reduction and weight management in individuals with prediabetes: a randomised, 

double-blind trial. Lancet 2017;389:1399–1409  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 99 

88. Gerstein HC, Yusuf S, Bosch J, et al.; DREAM (Diabetes REduction Assessment 

with ramipril and rosiglitazone Medication) Trial Investigators. Effect of rosiglitazone 

on the frequency of diabetes in patients with impaired glucose tolerance or impaired 

fasting glucose: a randomised controlled trial. Lancet 2006;368:1096–1105  

89. DeFronzo RA, Tripathy D, Schwenke DC, et al.; ACT NOW Study. Pioglitazone 

for diabetes prevention in impaired glucose tolerance. N Engl J Med 2011;364:1104–

15  

90. Ratner RE, Christophi CA, Metzger BE, et al.; Diabetes Prevention Program 

Research Group. Prevention of diabetes in women with a history of gestational 

diabetes: effects of metformin and lifestyle interventions. J Clin Endocrinol Metab 

2008;93:4774–9  

91. Nathan DM, Barrett-Connor E, Crandall JP, et al. Long-term effects of lifestyle 

intervention or metformin on diabetes development and microvascular complications: 

the DPP Outcomes Study. Lancet Diabetes Endocrinol 2015;3:866– 75  

92. Diabetes Prevention Program Research Group. The 10-year cost-effectiveness of 

lifestyle intervention or metformin for diabetes prevention: an intent-to-treat analysis 

of the DPP/ DPPOS. Diabetes Care 2012;35:723–30  

93. Aroda VR, Christophi CA, Edelstein SL, et al.; Diabetes Prevention Program 

Research Group. The effect of lifestyle intervention and metformin on preventing or 

delaying diabetes among women with and without gestational diabetes: the Diabetes 

Prevention Program Outcomes Study 10-year follow-up. J Clin Endocrinol Metab 

2015;100:1646–53  

94. de Groot M, Golden SH, Wagner J. Psychological conditions in adults with 

diabetes. Am Psychol 2016;71:552–62  

95. Young-Hyman D, de Groot M, Hill-Briggs F, Gonzalez JS, Hood K, Peyrot M. 

Psychosocial care for people with diabetes: a position statement of the American 

Diabetes Association. Diabetes Care 2016;39:2126–40  

96. Smith KJ, Be ́land M, Clyde M, et al. Association of diabetes with anxiety: a 

systematic review  

and meta-analysis. J Psychosom Res 2013;74: 89–99- Diabetes Prevention Program 

Research Group. Long-term safety, tolerability, and weight loss associated with 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 100 

metformin in the Diabetes Prevention Program Outcomes Study. Diabetes Care 

2012;35:731–7  

97. Li C, Barker L, Ford ES, Zhang X, Strine TW, Mokdad AH. Diabetes and anxiety 

in US adults: findings from the 2006 Behavioral Risk Factor Surveillance System. 

Diabet Med 2008;25:878– 881 98. Cox DJ, Irvine A, Gonder-Frederick L, Nowacek 

G, Butterfield J. Fear of hypoglycemia: quantification, validation, and utilization. 

Diabetes Care 1987;10:617–21  

99. Wild D, von Maltzahn R, Brohan E, Christensen T, Clauson P, Gonder-Frederick 

L. A critical review of the literature on fear of hypoglycemia in diabetes: implications 

for diabetes management and patient education. Patient Educ Couns 2007;68:10–5.  

100. Zambanini A, Newson RB, Maisey M, Feher MD. Injection related anxiety in 

insulin-treated diabetes. Diabetes Res Clin Pract 1999;46:239– 46.  

101. Young-Hyman D, Peyrot M. Psychosocial Care for People with Diabetes. 

Alexandria, VA, American Diabetes Association, 2012. 

102. American Psychiatric Association. Diagnostic and Statistical Manual of Mental 

Disorders [Internet], 2013. 5th ed. Available from 

http://psychiatryonline.org/doi/book/10.1176/appi.books.9780890425596. Accessed 

on January 18th, 2019 

103. Mitsonis C, Dimopoulos N, Psarra V. P01-138 Clinical implications of anxiety 

in diabetes: a critical review of the evidence base. Eur Psychiatry 2009;24(Suppl. 

1):S526  

104. Yeoh E, Choudhary P, Nwokolo M, Ayis S, Amiel SA. Interventions that restore 

awareness of hypoglycemia in adults with type 1 diabetes: a systematic review and 

meta-analysis. Diabetes Care 2015;38:1592–1609  

105. Cox DJ, Gonder-Frederick L, Polonsky W, Schlundt D, Kovatchev B, Clarke W. 

Blood glucose awareness training (BGAT-2): long-term benefits. Diabetes Care 

2001;24:637–642  

106. Gonder-Frederick LA, Schmidt KM, Vajda KA, et al. Psychometric properties of 

the Hypoglycemia Fear Survey-II for adults with type 1 diabetes. Diabetes Care 

2011;34:801–6  

107. Lustman PJ, Griffith LS, Clouse RE. Depression in adults with diabetes. Results 

of 5-yr follow-up study. Diabetes Care 1988;11:605–12 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 101 

108. de Groot M, Crick KA, Long M, Saha C, Shubrook JH. Lifetime duration of 

depressive disorders in patients with type 2 diabetes. Diabetes Care 2016;39:2174–

81  

109. Rubin RR, Ma Y, Marrero DG, et al.; Diabetes Prevention Program Research 

Group. Elevated depression symptoms, antidepressant medicine use, and risk of 

developing diabetes during the Diabetes Prevention Program. Diabetes Care 

2008;31:420–6  

110. Anderson RJ, Freedland KE, Clouse RE, Lustman PJ. The prevalence of 

comorbid depression in adults with diabetes: a meta-analysis. Diabetes Care 

2001;24:1069–78  

111. Clouse RE, Lustman PJ, Freedland KE, Griffith LS, McGill JB, Carney RM. 

Depression and coronary heart disease in women with diabetes. Psychosom Med 

2003;65:376–83  

112. Katon WJ, Lin EHB, Von Korff M, et al. Collaborative care for patients with 

depression and chronic illnesses. N Engl J Med 2010;363:2611–20 

113. Papelbaum M, Appolinario JC, Moreira R, Ellinger VCM, Kupfer R, Coutinho 

WF. Prevalence of eating disorders and psychiatric comorbidity in a clinical sample 

of type 2 diabetes mellitus patients. Rev Bras Psiquiatr 2005;27:135–8  

114. Young-Hyman DL, Davis CL. Disordered eating behavior in individuals with 

diabetes: importance of context, evaluation, and classification. Diabetes Care 

2010;33:683–9  

115. Pinhas-Hamiel O, Hamiel U, Greenfield Y, et al. Detecting intentional insulin 

omission for weight loss in girls with type 1 diabetes mellitus. Int J Eat Disord 

2013;46:819–25  

116. Goebel-Fabbri AE, Fikkan J, Franko DL, Pearson K, Anderson BJ, Weinger K. 

Insulin restriction and associated morbidity and mortality in women with type 1 

diabetes. Diabetes Care 2008;31:415–419  

117. Weinger K, Beverly EA. Barriers to achieving glycemic targets: who omits 

insulin and why? Diabetes Care 2010;33:450–452 

118. Hudson JI, Hiripi E, Pope HG Jr, Kessler RC. The prevalence and correlates of 

eating disorders in the National Comorbidity Survey Replication. Biol Psychiatry 

2007;61:348–58  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 102 

119. Martyn-Nemeth P, Quinn L, Hacker E, Park H, Kujath AS. Diabetes distress may 

adversely affect the eating styles of women with type 1 diabetes. Acta Diabetol 

2014;51:683–6  

120. Peterson CM, Fischer S, Young-Hyman D. Topical review: a comprehensive risk 

model for disordered eating in youth with type 1 diabetes. J Pediatr Psychol 

2015;40:385–90  

121. Garber AJ. Novel GLP-1 receptor agonists for diabetes. Expert Opin Investig 

Drugs 2012;21:45–57 

122. Li G, Zhang P, Wang J, et al. The long-term effect of lifestyle interventions to 

prevent diabetes in the China Da Qing Diabetes Prevention Study: 20-year follow-up 

study. Lancet 2008; 371:1783-9  

123. Lindstrom J, Ilanne-Parikka P, Peltonen M, et al.; Finnish Diabetes Prevention 

Study Group. Sustained reduction in the incidence of type 2 diabetes by lifestyle 

intervention: follow-up of the Finnish Diabetes Prevention Study. Lancet 2006; 

368:1673–9  

124. Diabetes Prevention Program (DPP) Research Group. The Diabetes Prevention 

Program (DPP): description of lifestyle intervention. Diabetes Care 2002;25:2165–71 

125. Villareal DT, Chode S, Parimi N, et al. Weight loss, exercise, or both and physical 

function in obese older adults. NEJM 2011;364:1218-29  

- Knowler WC, Fowler SE, Hamman RF, et al.; Diabetes Prevention Program 

Research Group. 10-year follow-up of diabetes incidence and weight loss in the 

Diabetes Prevention Program Outcomes Study. Lancet 2009;374:1677–86  

126. Jacobs S, Harmon BE, Boushey CJ, et al. A priori- defined diet quality indexes 

and risk of type 2 diabetes: the Multiethnic Cohort. Diabetologia 2015;58:98–112  

127. Chiuve SE, Fung TT, Rimm EB, et al. Alternative dietary indices both strongly 

predict risk of chronic disease. J Nutr 2012;142:10–1018 

128. Ley SH, Hamdy O, Mohan V, Hu FB. Prevention and management of type 2 

diabetes: dietary components and nutritional strategies. Lancet 2014; 383:1999–2007  

129. Salas-Salvadò J, Bullo M, Babio N, et al.; PREDIMED Study Investigators. 

Reduction in the incidence of type 2 diabetes with the Mediterranean diet: results of 

the PREDIMED-Reus nutrition intervention randomized trial. Diabetes Care 

2011;34:14–19  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 103 

130. Salas-Salvadò J, Guasch-Ferre M, Lee CH, Estruch R, Clish CB, Ros E. 

Protective effects of the Mediterranean diet on type 2 diabetes and metabolic 

syndrome. J Nutr 2016;146:920S–927S  

131. Bloomfield HE, Koeller E, Greer N, MacDonald R, Kane R, Wilt TJ. Effects on 

health outcomes of a Mediterranean diet with no restriction on fat in- take: a systematic 

review and meta-analysis. Ann Intern Med 2016;165:491–500  

132. Afshin A, Micha R, Khatibzadeh S, Mozaffarian D. Consumption of nuts and 

legumes and risk of incident ischemic heart disease, stroke, and diabetes: a systematic 

review and meta-analysis. Am J Clin Nutr 2014;100:278–288  

133. Mursu J, Virtanen JK, Tuomainen T-P, Nurmi T, Voutilainen S. Intake of fruit, 

berries, and vegetables and risk of type 2 diabetes in Finnish men: the Kuopio 

Ischaemic Heart Disease Risk Factor Study. Am J Clin Nutr 2014;99:328–333  

134. Chen M, Sun Q, Giovannucci E, et al. Dairy consumption and risk of type 2 

diabetes: 3 cohorts of US adults and an updated meta-analysis. BMC Med 2014;12:215  

135. Mozaffarian D. Dietary and policy priorities for cardiovascular disease, diabetes, 

and obesity: a comprehensive review. Circulation 2016;133: 187–225  

136. Parker AR, Byham-Gray L, Denmark R, Winkle PJ. The effect of medical 

nutrition therapy by a registered dietitian nutritionist in patients with prediabetes 

participating in a randomized con- trolled clinical research trial. J Acad Nutr Diet 

2014;114:1739–1748  

137. Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in 

type 2 diabetes, 2015: a patient-centered approach: update to a position statement of 

the American Diabetes Association and the European Association for the Study of 

Diabetes. Diabetes Care 2015;38:140–9  

138. Evert AB, Boucher JL, Cypress M, et al. Nutrition therapy recommendations for 

the management of adults with diabetes. Diabetes Care 2014; 37(Suppl.1):S120–S143.  

139. Kulkarni K, Castle G, Gregory R, et al.; The Diabetes Care and Education Dietetic 

Practice Group. Nutrition practice guidelines for type 1 diabetes mellitus positively 

affect dietitian practices and patient outcomes. J Am Diet Assoc 1998;98: 62–70;  

140. Rossi MCE, Nicolucci A, Di Bartolo P, et al. Diabetes Interactive Diary: a new 

telemedicine system enabling flexible diet and insulin therapy while improving quality 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 104 

of life: an open-label, international, multicenter, randomized study. Diabetes Care 

2010;33:109–115  

141. Scavone G, Manto A, Pitocco D, et al. Effect of carbohydrate counting and 

medical nutritional therapy on glycemic control in type 1 diabetic subjects: a pilot 

study. Diabet Med 2010;27: 477–9  

142. Franz MJ, MacLeod J, Evert A, et al. Academy of Nutrition and Dietetics 

nutrition practice guide- line for type 1 and type 2 diabetes in adults: systematic review 

of evidence for medical nutrition therapy effectiveness and recommendations for 

integration into the nutrition care process. J Acad Nutr Diet 2017;117:1659–79  

143. UK Prospective Diabetes Study (UKPDS) Group. Effect of intensive blood-

glucose control with metformin on complications in overweight patients with type 2 

diabetes (UKPDS 34). Lancet 1998;352:854–65  

144. Ziemer DC, Berkowitz KJ, Panayioto RM, et al. A simple meal plan emphasizing 

healthy food choices is as effective as an exchange-based meal plan for urban African 

Americans with type 2 diabetes. Diabetes Care 2003;26:1719–24  

145. Wolf AM, Conaway MR, Crowther JQ, et al.; Improving Control with Activity 

and Nutrition (ICAN) Study. Translating lifestyle intervention to practice in obese 

patients with type 2 diabetes: Improving Control with Activity and Nutrition (ICAN) 

study. Diabetes Care 2004;27:1570–6  

146. Coppell KJ, Kataoka M, Williams SM, Chisholm AW, Vorgers SM, Mann JI. 

Nutritional intervention in patients with type 2 diabetes who are hyperglycaemic 

despite optimised drug treatment–Lifestyle Over and Above Drugs in Diabetes 

(LOADD) study: randomised controlled trial. BMJ 2010;341:c3337  

147. MacLeod J, Franz MJ, Handu D, et al. Acad- emy of Nutrition and Dietetics 

Nutrition practice guideline for type 1 and type 2 diabetes in adults: nutrition 

intervention evidence reviews and recommendations. J Acad Nutr Diet 

2017;117:1637–58  

148. Maryniuk MD. From pyramids to plates to patterns: perspectives on meal 

planning. Diabetes Spectr 2017;30:67–70 

149. Esposito K, Maiorino MI, Ciotola M, et al. Effects of a Mediterranean-style diet 

on the need for antihyperglycemic drug therapy in patients with newly diagnosed type 

2 diabetes: a randomized trial. Ann Intern Med 2009;151:306–14  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 105 

150. Boucher JL. Mediterranean eating pattern. Diabetes Spectr 2017;30:72–76 

151. Cespedes EM, Hu FB, Tinker L, et al. Multiple healthful dietary patterns and type 

2 diabetes in the Women’s Health Initiative. Am J Epidemiol 2016;183:622–33  

152. Campbell AP. DASH eating plan: an eating pattern for diabetes management. 

Diabetes Spectr 2017;30:76–81 

153. Rinaldi S, Campbell EE, Fournier J, O’Connor C, Madill J. A comprehensive 

review of the literature supporting recommendations from the Canadian Diabetes 

Association for the use of a plant-based diet for management of type 2 diabetes. Can J 

Diabetes 2016;40:471–477  

154. Pawlak R. Vegetarian diets in the prevention and management of diabetes and 

its complications. Diabetes Spectr 2017;30:82–88 

155. Bowen ME, Cavanaugh KL, Wolff K, et al. The Diabetes Nutrition Education 

Study randomized controlled trial: a comparative effectiveness study of approaches 

to nutrition in diabetes self-management education. Patient Educ Couns 

2016;99:1368–76  

156. Balk EM, Earley A, Raman G, Avendano EA, Pittas AG, Remington PL. 

Combined diet and physical activity promotion programs to prevent type 2 diabetes 

among persons at increased risk: a systematic review for the Community Preventive 

Services Task Force. Ann Intern Med 2015;163:437–51  

157. Mudaliar U, Zabetian A, Goodman M, et al. Cardiometabolic risk factor changes 

observed in diabetes prevention programs in US settings: a systematic review and 

meta-analysis. PLoS Med 2016;13:e1002095  

158. Hamdy O, Mottalib A, Morsi A, et al. Long- term effect of intensive lifestyle 

intervention on cardiovascular risk factors in patients with diabetes in real-world 

clinical practice: a 5-year longitudinal study. BMJ Open Diabetes Res Care 

2017;5:e000259  

159. Sacks FM, Bray GA, Carey VJ, et al. Compari- son of weight-loss diets with 

different compositions of fat, protein, and carbohydrates. N Engl J Med 

2009;360:859–73  

160. de Souza RJ, Bray GA, Carey VJ, et al. Effects of 4 weight-loss diets differing in 

fat, protein, and carbohydrate on fat mass, lean mass, visceral adipose tissue, and 

hepatic fat: results from the POUNDS LOST trial. Am J Clin Nutr 2012;95:614–25  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 106 

161. Johnston BC, Kanters S, Bandayrel K, et al. Comparison of weight loss among 

named diet programs in overweight and obese adults: a meta-analysis. JAMA 

2014;312:923–33  

162. Fox CS, Golden SH, Anderson C, et al.; American Heart Association Diabetes 

Committee of the Council on Lifestyle and Cardiometabolic Health; Council on 

Clinical Cardiology; Council on Cardiovascular and Stroke Nursing; Council on 

Cardio- vascular Surgery and Anesthesia; Council on Quality of Care and Outcomes 

Research; American Diabetes Association. Update on prevention of cardiovascular 

disease in adults with type 2 diabetes mellitus in light of recent evidence: a scientific 

statement from the American Heart Association and the American Diabetes 

Association. Diabetes Care 2015;38:1777–1803  

163. DAFNE Study Group. Training in flexible, intensive insulin management to 

enable dietary freedom in people with type 1 diabetes: Dose Adjustment For Normal 

Eating (DAFNE) randomised controlled trial. BMJ 2002;325:746  

164. Delahanty LM, Nathan DM, Lachin JM, et al.; Diabetes Control and 

Complications Trial/ Epidemiology of Diabetes. Association of diet with glycated 

hemoglobin during intensive treatment of type 1 diabetes in the Diabetes Control and 

Complications Trial. Am J Clin Nutr 2009;89: 518–524  

165. Wheeler ML, Dunbar SA, Jaacks LM, et al. Macronutrients, food groups, and 

eating patterns in the management of diabetes: a systematic re- view of the literature, 

2010. Diabetes Care 2012; 35:434–45  

166. Thomas D, Elliott EJ. Low glycaemic index, or low glycaemic load, diets for 

diabetes mellitus. Cochrane Database Syst Rev 2009;1:CD006296  

167. Snorgaard O, Poulsen GM, Andersen HK, Astrup A. Systematic review and meta-

analysis of dietary carbohydrate restriction in patients with type 2 diabetes. BMJ Open 

Diabetes Res Care 2017;5:e000354  

168. Tay J, Luscombe-Marsh ND, Thompson CH, et al. Comparison of low- and high-

carbohydrate diets for type 2 diabetes management: a randomized trial. Am J Clin Nutr 

2015;102:780–790  

169. van Wyk HJ, Davis RE, Davies JS. A critical review of low-carbohydrate diets 

in people with type 2 diabetes. Diabet Med 2016;33:148–57  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 107 

170. Meng Y, Bai H, Wang S, Li Z, Wang Q, Chen L. Efficacy of low carbohydrate 

diet for type 2 diabetes mellitus management: a systematic review and meta-analysis 

of randomized controlled trials. Diabetes Res Clin Pract 2017;131:124–31  

171. Goday A, Bellido D, Sajoux I, et al. Short-term safety, tolerability and efficacy 

of a very low- calorie-ketogenic diet interventional weight loss program versus 

hypocaloric diet in patients with type 2 diabetes mellitus. Nutr Diabetes 2016;6: e230  

172. Saslow LR, Mason AE, Kim S, et al. An online intervention comparing a very 

low-carbohydrate ketogenic diet and lifestyle recommendations versus a plate method 

diet in overweight individuals with type 2 diabetes: a randomized controlled trial. J 

Med Internet Res 2017;19:e36  

173. Soare A, Khazrai YM, Del Toro R, et al. The effect of the macrobiotic Ma-Pi 2 

diet vs. the recommended diet in the management of type 2 diabetes: the randomized 

controlled MADIAB trial. Nutr Metab 2014;11:39 

174. Soare A, Del Toro R, Khazrai YM, et al. A 6-month follow-up study of the 

randomized controlled Ma-Pi macrobiotic dietary intervention (MADIAB trial) in type 

2 diabetes. Nutr Diab 2016;6:e222  

175. Office of Disease Prevention and Health Promotion, U.S. Department of Health 

and Human Services. Dietary guidelines for Americans [Internet], 2010. Available 

from http://www.health .gov/dietaryguidelines/. Accessed October 19th, 2018  

176. Katz ML, Mehta S, Nansel T, et al. Associations of nutrient intake with glycemic 

control in youth with type 1 diabe- tes: differences by insulin regimen. Diabetes 

Technol Ther 2014;16:512–18  

177. Nansel TR, Lipsky LM, Liu A. Greater diet quality is associated with more 

optimal glycemic control in a longitudinal study of youth with type 1 diabetes. Am J 

Clin Nutr 2016;104:81–7  

178. Samann A, Muhlhauser I, Bender R, et al. Glycaemic control and severe 

hypoglycaemia following training in flexible, intensive insulin therapy to enable 

dietary freedom in people with type 1 diabetes: a prospective implementation study. 

Diabetologia 2005;48:1965–70 

179. Laurenzi A, Bolla AM, Panigoni G, et al. Effects of carbohydrate counting on 

glucose control and quality of life over 24 weeks in adult patients with type 1 diabetes 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 108 

on continuous subcutaneous insulin infusion: a randomized, prospective clinical trial 

(GIOCAR). Diabetes Care 2011;34:823–7  

180. Bell KJ, Barclay AW, Petocz P, et al. Efficacy of carbohydrate counting in type 

1 diabetes: a systematic review and meta-analysis. Lancet Diabetes Endocrinol 

2014;2:133-40  

181.Bell KJ, Smart CE, Steil GM, et al. Impact of fat, protein, and glycemic index on 

postprandial glucose control in type 1 diabetes: implications for intensive diabetes 

management in the continuous glucose monitoring era. Diabetes Care 2015;38:1008–

1015  

182. Bell KJ, Toschi E, Steil GM, et al. Optimized mealtime insulin dosing for fat and 

protein in type 1 diabetes: application of a model-based approach to derive insulin 

doses for open-loop diabetes management. Diabetes Care 2016;39: 1631–4  

183. Paterson MA, Smart CEM, Lopez PE, et al. Influence of dietary protein on 

postprandial blood glucose levels in individuals with type 1 diabetes mellitus using 

intensive insulin therapy. Diabet Med 2016;33:592–8  

184. Robertson L, Waugh N, Robertson A. Protein restriction for diabetic renal 

disease. Cochrane Database Syst Rev 2007;4:CD002181 

185. Pan Y, Guo LL, Jin HM. Low-protein diet for diabetic nephropathy: a meta-

analysis of randomized controlled trials. Am J Clin Nutr 2008;88:660–6  

186. Layman DK, Clifton P, Gannon MC, et al. Protein in optimal health: heart 

disease and type 2 diabetes. Am J Clin Nutr 2008; 87:1571S–5S  

187. Institute of Medicine. Dietary reference intakes for energy, carbohydrate, fiber, 

fat, fatty acids, cholesterol, protein, and amino acids [Internet], 2005. Washington, 

DC, National Academies Press. Available from 

http://www.nationalacademies.org/hmd/Reports/2002/Dietary-Reference-Intakes-for-

Energy-Carbohydrate-Fiber-Fat-Fatty-Acids-Cholesterol-Protein-and-Amino-

Acids.aspx. Accessed on November 1st, 2018  

188. Ros E. Dietary cis-monounsaturated fatty acids and metabolic control in type 2 

diabetes. Am J Clin Nutr 2003;78(Suppl.):617S–25S  

189. Wang DD, Li Y, Chiuve SE, et al. Association of specific dietary fats with total 

and cause-specific mortality. JAMA Intern Med 2016;176:1134–45  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 109 

190. Estruch R, Ros E, Salas-Salvadò J, et al.; PREDIMED Study Investigators. 

Primary prevention of cardiovascular disease with a Mediterranean diet. N Engl J Med 

2013;368:1279–90  

191. U.S. Department of Health and Human Services; U.S. Department of Agriculture. 

Dietary guidelines for Americans 2015–2020, 8th edition [Internet], 2015. Available 

from https://health .gov/dietaryguidelines/2015/guidelines/. Accessed on November 

27th, 2018  

192. Forouhi NG, Imamura F, Sharp SJ, et al. Association of plasma phospholipid n-

3 and n-6 poly- unsaturated fatty acids with type 2 diabetes: the EPIC-InterAct Case-

Cohort Study. PLoS Med 2016; 13:e1002094  

193. Brunerova L, Smejkalova V, Potockova J, Andel M. A comparison of the 

influence of a high-fat diet enriched in monounsaturated fatty acids and conventional 

diet on weight loss and metabolic parameters in obese non-diabetic and type 2 diabetic 

patients. Diabet Med 2007;24: 533–540  

194. Shai I, Schwarzfuchs D, Henkin Y, et al.; Dietary Intervention Randomized 

Controlled Trial (DIRECT) Group. Weight loss with a low- carbohydrate, 

Mediterranean, or low-fat diet. N Engl J Med 2008;359:229–241  

195. Brehm BJ, Lattin BL, Summer SS, et al. One-year comparison of a high-

monounsaturated fat diet with a high-carbohydrate diet in type 2 diabetes. Diabetes 

Care 2009;32:215–20  

196. Jacobson TA, Maki KC, Orringer CE, et al.; NLA Expert Panel. National Lipid 

Association recommendations for patient-centered management of dyslipidemia: part 

2. J Clin Lipidol 2015;9(6 Suppl.):S1–S122.e1  

197. Sacks FM, Lichtenstein AH, Wu JHY, et al.; American Heart Association. 

Dietary fats and cardiovascular disease: a presidential advisory from the American 

Heart Association. Circulation 2017; 136:e1–e23  

198. Harris WS, Mozaffarian D, Rimm E, et al. Omega-6 fatty acids and risk for 

cardiovascular disease: a science advisory from the American Heart Association 

Nutrition Subcommittee of the Council on Nutrition, Physical Activity, and 

Metabolism; Council on Cardiovascular Nursing; and Council on Epidemiology and 

Prevention. Circulation 2009;119:902–907  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 110 

199. Holman RR, Paul S, Farmer A, et al; Atorvastatin in Factorial with Omega-3 

EE90 Risk Reduction in Diabetes Study Group. Atorvastatin in Factorial with Omega-

3 EE90 Risk Reduction in Diabetes (AFORRD): a randomised controlled trial. 

Diabetologia 2009; 52:50–9 

200. Kromhout D, Geleijnse JM, de Goede J, et al. n-3 fatty acids, ventricular 

arrhythmia-related events, and fatal myocardial infarction in post- myocardial 

infarction patients with diabetes. Di- abetes Care 2011;34:2515–2520  

201. Crochemore ICC, Souza AFP, de Souza ACF, et al. v-3 polyunsaturated fatty 

acid supplementation does not influence body composition, insulin resistance, and 

lipemia in women with type 2 diabetes and obesity. Nutr Clin Pract 2012;27:553–

560  

202. Bosch J, Gerstein HC, Dagenais GR, et al.; ORIGIN Trial Investigators. n-3 

fatty acids and cardiovascular outcomes in patients with dysglycemia. N Engl J Med 

2012;367:309–318  

203. Bray GA, Vollmer WM, Sacks FM, et al. DASH Collaborative Research Group. 

A further subgroup analysis of the effects of the DASH diet and three dietary sodium 

levels on blood pressure: results of the DASH- Sodium Trial. Am J Cardiol 

2004;94:222–7  

204. Eckel RH, Jakicic JM, Ard JD, et al.; American College of Cardiology/American 

Heart Association Task Force on Practice Guidelines. 2013 AHA/ACC guideline on 

lifestyle management to reduce cardiovascular risk: a report of the American College 

of Cardiology/American Heart Association Task Force on Practice Guidelines. 

Circulation 2014; 129(25 Suppl. 2):S79–S99  

205. Thomas MC, Moran J, Forsblom C, et al.; FinnDiane Study Group. The 

association between dietary sodium intake, ESRD, and all-cause mortality in patients 

with type 1 diabetes. Diabetes Care 2011;34:861–866  

206. Ekinci EI, Clarke S, Thomas MC, et al. Dietary salt intake and mortality in 

patients with type 2 diabetes. Diabetes Care 2011;34:703–709 

207. Maillot M, Drewnowski A. A conflict between nutritionally adequate diets and 

meeting the 2010 dietary guidelines for sodium. Am J Prev Med 2012;42:174–9  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 111 

208. Aroda VR, Edelstein SL, Goldberg RB, et al.; Diabetes Prevention Program 

Research Group. Long-term metformin use and vitamin B12 deficiency in the Diabetes 

Prevention Program Out- comes Study. J Clin Endocrinol Metab 2016;101: 1754–61  

209 Allen RW, Schwartzman E, Baker WL, Coleman CI, Phung OJ. Cinnamon use in 

type 2 diabetes: an updated systematic review and meta-analysis. Ann Fam Med 

2013;11:452–9  

210. Mitri J, Pittas AG. Vitamin D and diabetes. Endocrinol Metab Clin North Am 

2014;43:205–32  

211. Grotz VL, Pi-Sunyer X, Porte D Jr, Roberts A, Richard Trout J. A 12-week 

randomized clinical trial investigating the potential for sucralose to affect glucose 

homeostasis. Regul Toxicol Pharmacol 2017;88:22–33  

212. Miller PE, Perez V. Low-calorie sweeteners and body weight and composition: a 

meta- analysis of randomized controlled trials and prospective cohort studies. Am J 

Clin Nutr 2014;100: 765–77  

213. Rogers PJ, Hogenkamp PS, de Graaf C, et al. Does low-energy sweetener 

consumption affect energy intake and body weight? A systematic review, including 

meta-analyses, of the evidence from human and animal studies. Int J Obes (Lond) 

2016;40:381–394  

214. Azad MB, Abou-Setta AM, Chauhan BF, et al. Nonnutritive sweeteners and 

cardiometabolic health: a systematic review and meta-analysis of randomized 

controlled trials and prospective cohort studies. CMAJ 2017;189:E929–E939 

215. Sutherland EW, De Duve C. Origin and distribution of the hyperglycemic-

glycogenolytic factor of the pancreas. Journal of Biological 

Chemistry. 1948;175:663–74. 

216. Bataille D, Tatemoto K, Gespach C, et al. Isolation of glucagon-37 (bioactive 

enteroglucagon/oxyntomodulin ) from porcine jejuno-ileum. Characterization of the 

peptide. Elsevier Biomedical Press 1982; 146(1):79-86 

217. Ghatei MA, Uttenthal LO, Christofides ND, Bryant MG, Bloom SR. Molecular 

forms of human enteroglucagon in tissue and plasma: plasma responses to nutrient 

stimuli in health and in disorders of the upper gastrointestinal tract. J Clin Endocrinol 

Metab 1983; 57: 488–495. 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 112 

218. Pocai A. Unraveling oxyntomodulin, GLP-1’s enigmatic brother. J Endocrinol 

2012;215:335-46 

219. Dakin CL, Small CJ, Park AJ, et al. Repeated ICV administration of 

oxyntomodulin causes a greater reduction in body weight gain than in pair-fed 

rats. Am J Physiol Endocrinol Metab 2002; 283: E1173–7. 

220. Cohen MA, Ellis SM, Le Roux CW, Batterham RL, Park A, Patterson M et al. 

Oxyntomodulin suppresses appetite and reduces food intake in humans. J Clin 

Endocrinol Metab 2003; 88: 4696–4701. 

221. Dakin CL, Small CJ, Batterham RL, Neary NM, Cohen MA, Patterson M et al. 

Peripheral oxyntomodulin reduces food intake and body weight gain in 

rats. Endocrinology 2004; 145: 2687–2695. 

222. Wynne K, Park AJ, Small CJ, Patterson M, Ellis SM, Murphy KG et al. 

Subcutaneous oxyntomodulin reduces body weight in overweight and obese subjects: 

a double-blind, randomized, controlled trial. Diabetes 2005; 54: 2390–2395 

223. Baggio LL, Huang Q, Brown TJ, Drucker DJ. Oxyntomodulin and glucagon-like 

peptide-1 differentially regulate murine food intake and energy expenditure. 

Gastroenterology 2004;127:546–58 

224. Kosinski JR, Hubert J, Carrington PE, Chicchi GG, Mu J, Miller C, Cao J, Bianchi 

E, Pessi A, Sinharoy R, et al. The glucagon receptor is involved in mediating the body 

weight lowering effects of oxyntomodulin. Obesity. 2012;20:1566–71 

225. Karra E, Batteram RL. The role of gut hormones in the regulation of body weight 

and energy homeostasis. Molecular and Cellular Endocrinology. 2010;316:120–8 

226. Maida A, Lovshin JA, Baggio LL, Drucker DJ. The glucagon-like peptide-1 

receptor agonist oxyntomodulin enhances β-cell function but does not inhibit gastric 

emptying in mice. Endocrinology. 2008;149:5670–8. 

227. Du X, Kosinski JR, Lao J, Shen X, Petrov A, Chicchi GG, Eiermann GJ, Pocai 

A. Differential effects of oxyntomodulin and GLP-1 on glucose 

metabolism. American Journal of Physiology. Endocrinology and 

Metabolism. 2012;303:E265–71 

228. Parlevliet ET, Heijboer AC, Schroder-van der Elst JP, Havekes LM, Romijn JA, 

Pijl H, Corssmit EP. Oxyntomodulin ameliorates glucose intolerance in mice fed a 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 113 

high-fat diet. American Journal of Physiology. Endocrinology and 

Metabolism. 2008;294:E142–7 

229. Mighiu PI, Yue JT, Filippi BM, et al. Hypothalamic glucagon signaling regulates 

glucose production. Diabetes. 2012;61(Suppl 1):A55. 

230. Holst JJ, Wewer NJ, Nordskov MB, et al. Oxyntomodulin: actions and role in 

diabetes. Peptides 2018;100:48-53 

231. Dixon JB. The effect of obesity on health outcomes. Mol Cell endocrinol 

2010;316:104-8 

232. Zhou J, Martin RJ, Tulley RT, et al. Dietary resistant starch upregulates total 

GLP-1 and PYY in a sustained day-long manner through fermentation in rodents. Am 

J Physiol Endocrinol Metab. 2008;295:E1160–6.  

233. Beysen C et al. Interaction between specific fatty acids, GLP-1 and insulin 

secretion in humans. Diabetologia 2002;45(11):1533-41 

234. Gould D et al. Visual Analogue Scale (VAS). J Clin Nurs 2001;10:697-706.  

235. Dauphin AP et al. Bias and precision in Visual analogue scales: a randomized 

controlled trial. Am J Epidemiol 1999;150(10): 1117-27. 

236. Scott J, Huskisson EC. Graphic representation of pain. Pain 1976;2:175-84 

237. Stratton RJ, Stubbs RJ, Hughes D, et al. Comparison of the traditional paper 

visual analogue scale questionnaire with an Apple Newton electronic appetite rating 

system (EARS) in free living subjects feeding ad libitum. Eur J Clin Nutr 

1998;52:737-41 

238. Stubbs RJ, Hughes D, Johnstone AM, et al. The use of visual analogue scales to 

assess motivation to eat in human subjects: a review of their reliability and validity 

with an evaluation of new hand-held computerized systems for temporal tracking of 

appetite ratings. Brit J Nutr 2000;84(4):405-15 

239. Streiner DL, Norman GR. Health measurement scales: a practical guide to their 

development and use. New York; Oxford University Press,1989. 

240. Soare A, Del Toro R, Roncella E, et al. The effect of macrobiotic Ma-Pi 2 diet on 

systemic inflammation in patients with type 2 diabetes: a post hoc analysis of the 

MADIAB trial. BMJ Open Diab Res Care 2015;3:e000079. 

241. Candela M, Biagi E, Soverini M, et al. Modulation of gut microbiota dysbiosis in 

type 2 diabetic patients by macrobiotic Ma-Pi 2 diet. Brit J Nutr 2016;116(1):80-93 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 114 

242. Soare A, Khazrai YM, Fontana L, et al. Treatment of reactive hypoglycemia with 

the macrobiotic Ma-pi 2 diet as assessed by continuous glucose monitoring: The 

MAHYP randomized crossover trial. Metabolism Clin Exp 2017;69:148-56. 

243. Toft-Nielsen MB, Damholt MB, Madsbad S, et al. Determinants of the Impaired 

Secretion of Glucagon- Like Peptide-1 in Type 2 Diabetic Patients. J Clin Endocr 

Metab 2001;86(8):3717-23. 

244. American Diabetes Association. Standards of Medical Care in Diabetes – 2016. 

2. Classification and Diagnosis of Diabetes. Diabetes Care 2016;39(Suppl.1):S13-S22.  

245. Atkinson FS, Foster-Powell K and Brand-Miller JC. International tables of 

glycemic index and glycemic load values: 2008. Diabetes Care 2008;31(12):2281-3 

246. Bodnaruc AM, Proudhomme D, Blanchet R, et al. Nutritional modulation of 

endogenous glucagon-like peptide 1 secretion: a review. Nutr Metab 2016;13:92. 

247. Dashty M. A quick look at biochemistry: carbohydrate metabolism. Clin Biochem 

2013;46:1339–52.  

248. Moriya R, Shirakura T, Ito J, Mashiko S, Seo T. Activation of sodium-glucose 

cotransporter 1 ameliorates hyperglycemia by mediating incretin secretion in mice. 

Am J Physiol Endocrinol Metab. 2009;297:E1358–65.  

249. Gorboulev V, Schürmann A, Vallon V, et al. Na(+)-D-glucose cotransporter 

SGLT1 is pivotal for intestinal glucose absorption and glucose-dependent incretin 

secretion. Diabetes. 2012;61:187–96.  

250. Holst JJ. The physiology of Glucagon-like peptide 1. Physiol Rev 2007;87:1409-

39.  

251. Karaki SI, Tazoe H, Hayashi H, et al. Expression of the short-chain fatty acid 

receptor, GPR43, in the human colon. J Mol Histol. 2008;39:135–42. 

252. Powell DR, Smith M, Greer J, et al. LX4211 increases serum glucagon-like 

peptide 1 and peptide YY levels by reducing sodium/glucose cotransporter 1 (SGLT1)-

mediated absorption of intestinal glucose. J Pharmacol Exp Ther. 2013;345:250–9.  

253. Zambrowicz B, Ogbaa I, Frazier K, et al. Effects of LX4211, a dual sodium-

dependent glucose cotransporters 1 and 2 inhibitor, on postprandial glucose, insulin, 

glucagon-like peptide 1, and peptide tyrosine tyrosine in a dose-timing study in healthy 

subjects. Clin Ther. 2013;35:1162–73. e8.  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 115 

254. Zambrowicz B, Ding ZM, Ogbaa I, et al. Effects of LX4211, a dual 

SGLT1/SGLT2 inhibitor, plus sitagliptin on postprandial active GLP-1 and glycemic 

control in type 2 diabetes. Clin Ther. 2013;35:273–85. e7.  

255. Baggio LL and Drucker DJ. Biology of incretins: GLP-1 and GIP. 

Gastroenterlogy 2007;132(6):2131-57 

256. Marathe CS, Rayner CK, Jones KL, et al. Glucagon-like peptides 1 and 2 in health 

and disease: a review. Peptides 2013;44:75-86 

257. Schneeman BO. Soluble vs insoluble fiber: different physiological responses. 

Food Tech 1987. 

258. FAO Consensus. Physiological effects of dietary fibre. 2014. Available from 

http://www.fao.org/3/w8079e/w8079e0l.htm . Accessed on June 2nd, 2019.  

259. Yu K, Ke MY, Li WH, et al. The impact of soluble dietary fibre on gastric 

emptying, postprandial blood glucose and insulin in patients with type 2 diabetes. Asia 

Pac J Clin Nutr 2014;23(2):210-8 

260. Nauck MA, Vardarli I, Deacon CF, et al. Secretion of glucagon-like peptide 1 

(GLP-1) in type 2 diabetes: what is up, what is down? Diabetologia 2011;54:10-18 

261. Vollmer K, Holst JJ, Baller B, et al. Predictors of incretin concentrations in 

subjects with normal, impaired, and diabetic glucose tolerance. Diabetes 2008;57:678-

87.  

262. Mortensen PB, Holtug K, Rasmussen HS. Short-chain fatty acid production from  

mono- and disaccharides in a fecal incubation system: implications for colonic  

fermentation of dietary fiber in humans. J Nutr. 1988;118(April):321–5. 

263. Titgemeyer E, Bourquin L, Fahey GCJ, et al. Fermentability of various fiber  

sources by human fecal bacteria in vitro. Am J Clin Nutr. 1991;53:1418–24. 

264. Bourquin LD, Titgemeyer E, Fahey GC. Fermentation of various dietary  

fiber sources by human fecal bacteria. Nutr Res. 1996;16:1119–31. 121. 

265. Velázquez M, Davies C, Marett R, et al. Effect of Oligosaccharides and fibre 

substitutes on short-chain fatty acid production by Human Faecal Microflora. 

Anaerobe. 2000;6:87–92. 

266. Cummings JH, and Englyst HN. Fermentantion in the human large intestine and 

the available substrates. Am J Clin Nutr 1987;45:1243-55.  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 116 

267. Weaver GA, Krause JA, Miller TL, et al. Short chain fatty acid distributions of 

enema samples from a sigmoidoscopy population: an association of high acetate and 

low butyrate ratios with adenomatous polyps and colon cancer. Gut 1988;29(11):1539-

43. 

268. Tazoe H, Otomo Y, Karaki SI, et al. Expression of short-chain fatty acid receptor 

GPR41 in the human colon. Biomed Res. 2009;30:149–56.  

269. Le Poul E, Loison C, Struyf S, et al. Functional characterization of human 

receptors for short chain fatty acids and their role in polymorphonuclear cell activation. 

J Biol Chem 2003;278:25481-9  

270. Brown AJ, Goldsworthy SM, Barnes AA, et al. The Orphan G protein-coupled 

receptors GPR41 and GPR43 are activated by propionate and other short chain 

carboxylic acids. J Biol Chem 2003;278:11312–9.  

271. Nilsson NE, Kotarsky K, Owman C, et al. Identification of a free fatty acid 

receptor, FFA2R, expressed on leukocytes and activated by short-chain fatty acids. 

Biochem Biophys Res Commun. 2003;303:1047–52.  

272. Nøhr MK, Pedersen MH, Gille A, et al. GPR41/FFAR3 and GPR43/FFAR2 as 

cosensors for short-chain fatty acids in enteroendocrine cells vs FFAR3 in enteric 

neurons and FFAR2 in enteric leukocytes. Endocrinology. 2013;154:3552–64.  

273. Akiba Y, Inoue T, Kaji I, et al. Short-chain fatty acid sensing in rat duodenum. J 

Physiol. 2015;593:585–99.  

274. Tolhurst G, Heffron H, Lam YS, et al. Short-chain fatty acids stimulate glucagon-

like peptide-1 secretion via the G-protein-coupled receptor FFAR2. Diabetes. 

2012;61:364–71.  

275. Psichas A, Sleeth ML, Murphy KG, et al. The short chain fatty acid propionate 

stimulates GLP-1 and PYY secretion via free fatty acid receptor 2 in rodents. Int J 

Obes (Lond). 2015;39:424-9.  

276. Chambers ES, Viardot A, Psichas A, et al. Effects of targeted delivery of 

propionate to the human colon on appetite regulation, body weight maintenance and 

adiposity in overweight adults. Gut. 2015;64:1744–54.  

277. Berggren AM, Björck IME, Nyman EMGL, et al. Short-chain fatty acid content 

and pH in caecum of rats given various sources of carbohydrates. J Sci Food Agric. 

1993;63:397–406.  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 117 

278. Jenkins DJ, Vuksan V, Kendall CW, et al. Physiological effects of resistant 

starches on fecal bulk, short chain fatty acids, blood lipids and glycemic index. J Am 

Coll Nutr. 1998;17:609–16.  

279. Cani PD, Neyrinck AM, Maton N, et al. Oligofructose promotes satiety in rats 

fed a high-fat diet: involvement of glucagon-like Peptide-1. Obes Res. 2005;13:1000–

7.  

280. Cani PD, Joly E, Horsmans Y, et al. Oligofructose promotes satiety in healthy 

human: a pilot study. Eur J Clin Nutr. 2005;60:567–72.  

281. Zhou J et al. Dietary resistant starch upregulates total GLP-1 and PYY in a 

sustained day-long manner through fermentation in rodents. Am J Physiol Endocrinol 

Metab 2008;E1160-6 

282. Cani PD, Daubioul CA, Reusens B, et al. Involvement of endogenous glucagon-

like peptide-1(7-36) amide on glycaemia-lowering effect of oligofructose in 

streptozotocin-treated rats. J Endocrinol. 2005;185:457–65.  

283. Cani PD, Knauf C, Iglesias MA, et al. Improvement of Glucose Tolerance and 

Hepatic Insulin Sensitivity by Oligofructose Requires a Functional Glucagon-Like 

Peptide 1 Receptor. Diabetes. 2006;55:1484–90.  

284. Cani PD, Hoste S, Guiot Y, et al. Dietary non-digestible carbohydrates promote 

L-cell differentiation in the proximal colon of rats. Br J Nutr. 2007;98:32–7.  

285. Dhanvantari S, Seidah NG, Brubaker PL. Role of prohormone convertases in the  

tissue-specific processing of proglucagon. Mol Endocrinol. 1996;10:342–55.  

286. Tvrzicka E, Kremmyda LS, Stankova B, et al. Fatty acids as biocompounds: their 

role in human metabolism, health and disease–a review. Part 1: classification, dietary 

sources and biological functions. Biomed Pap Med Fac Univ Palacky Olomouc Czech 

Repub. 2011;155:117–30.  

287. Edfalk S, Steneberg P, Edlund H. Gpr40 is expressed in enteroendocrine cells and 

mediates free fatty acid stimulation of incretin secretion. Diabetes. 2008;57:2280–7.  

288. Hauge M, Vestmar MA, Husted AS, et al. GPR40 (FFAR1) - Combined Gs and 

Gq signaling in vitro is associated with robust incretin secretagogue action ex vivo and 

in vivo. Mol Metab. 2015;4:3–14.  

289. Hirasawa A, Tsumaya K, Awaji T, et al. Free fatty acids regulate gut incretin 

glucagon-like peptide-1 secretion through GPR120. Nat Med. 2005;11:90–4.  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 118 

290. Thomsen C, Rasmussen O, Lousen T, et al. Differential effects of saturated and 

monounsaturated fatty acids on postprandial lipemia and incretin responses in healthy 

subjects. Am J Clin Nutr. 1999;69:1135–43.  

291. Thomsen C, Storm H, Holst JJ, et al. Differential effects of saturated and 

monounsaturated fats on postprandial lipemia and glucagon-like peptide 1 responses 

in patients with type 2 diabetes. Am J Clin Nutr. 2003;77:605–11.  

292. Estruch R, Ros E, Salas-Salvadò J, et al. Primary Prevention of Cardiovascular 

Disease with a Mediterranean Diet Supplemented with Extra-Virgin Olive Oil or Nuts. 

NEJM 2018;378:e34.  

293. Prieto PG, Cancelas J, Villanueva-Peñacarrillo ML, et al. Effects of an olive oil-

enriched diet on plasma GLP-1 concentration and intestinal content, plasma insulin 

concentration, and glucose tolerance in normal rats. Endocrine. 2005;26:107–15.  

294. Cancelas J, Prieto PG, Villanueva-Peñacarrillo ML, et al. Effects of an olive oil-

enriched diet on glucagon-like peptide 1 release and intestinal content, plasma insulin 

concentration, glucose tolerance and pancreatic insulin content in an animal model of 

type 2 diabetes. Horm Metab Res. 2006;38:98–105.  

295. Paniagua JA, de la Sacristana AG, Sánchez E, et al. A MUFA-rich diet improves 

postprandial glucose, lipid and GLP-1 responses in insulin-resistant subjects. J Am 

Coll Nutr. 2007;26:434–44.  

296. Adachi T, Tanaka T, Takemoto K, et al. Free fatty acids administered into the 

colon promote the secretion of GLP-1 and insulin. Biochem Biophys Res Commun 

2006;340:332-7 

297. Tanaka T, Yano T, Adachi T, et al. Cloning and characterization of the rat free 

fatty acid receptor GPR120: in vivo effect of the natural ligand on GLP-1 secretion 

and proliferation of pancreatic beta cells. Naunyn Schmiedebergs Arch Pharmacol. 

2008;377:515–22.  

298. Cheshmehkani A, Senatorov IS, Kandi P, et al. Fish oil and flax seed oil 

supplemented diets increase FFAR4 expression in the rat colon. Inflamm Res. 

2015;64:809–15.  

299. Veldhorst M, Smeets A, Soenen S, et al. Protein-induced satiety: Effects and 

mechanisms of different proteins. Physiol Behav 2008;94(2):300-7. 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 119 

300. Smeets A, Soenen S, Luscombe-Marsh ND, et al. Energy Expenditure, Satiety, 

and Plasma Ghrelin, Glucagon-Like Peptide 1, and Peptide Tyrosine-Tyrosine 

Concentrations following a Single High-Protein Lunch. J Nutr 2008;138(4):698-702. 

301. Mace OJ, Schindler M, and Patel S. The regulation of K- and L-cell activity by 

GLUT2 and the calcium-sensing receptor CasR in rat small intestine. J Physiol 

2012;590(12):2917-36. 

302. Diakogiannaki E, Pais R, Tolhurst G, et al. Oligopeptides stimulate glucagon-like 

peptide-1 secretion in mice through proton-coupled uptake and the calcium-sensing 

receptor. Diabetologia 2013;56(12):2688-96. 

303. Oya M, Kitaguchi T, Pais R, et al. The G Protein-coupled Receptor Family C 

Group 6 Subtype A (GPRC6A) Receptor Is Involved in Amino Acid-induced 

Glucagon-like Peptide-1 Secretion from GLUTag Cells. J Biol Chem 2013;288:4513-

21. 

304. Hall WL, Millward DJ, Long SJ, et al. Casein and whey exert different effects on 

plasma amino acid profiles, gastrointestinal hormone secretion and appetite. Br. J. 

Nutr. 2003, 89, 239–248  

305. Boirie Y, Dangin M, Gachon P, et al. Slow and fast dietary proteins differently 

modulate postprandial protein accretion. PNAS 1997;94:14930-5.  

306. Dworatzek PD, Arcudi K, Gougeon R, et al. Nutrition therapy. Can J Diabetes. 

2013;37 Suppl 1:S45–55.  

307. American Diabetes Association. 3. Foundations of Care and Comprehensive 

Medical Evaluation. Diabetes Care. 2015;39(Supplement 1):S23–35.  

308. Rebello CJ, Johnson WD, Martin CK, et al. Acute effect of oatmeal on subjective 

measures of appetite and satiety compared to a ready-to-eat breakfast cereal: a 

randomized crossover trial. J Am Coll Nutr. 2013;32:272–9.  

309. Rebello CJ, Johnson WD, Martin CK, et al. Instant Oatmeal Increases Satiety and 

Reduces Energy Intake Compared to a Ready-to-Eat Oat-Based Breakfast Cereal: A 

Randomized Crossover Trial. J Am Coll Nutr. 2016;35:41–9.  

310. Kendall CWC, Josse AR, Esfahani A, et al. The impact of pistachio intake alone 

or in combination with high-carbohydrate foods on post-prandial glycemia. Eur J Clin 

Nutr. 2011;65:696–702.  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 120 

311. Kendall CWC, West SG, Augustin LS, et al. Acute effects of pistachio 

consumption on glucose and insulin, satiety hormones and endothelial function in the 

metabolic syndrome. Eur J Clin Nutr. 2014;68:370–5. 

312. Parham M, Heidari S, Khorramirad A, et al. Effects of Pistachio Nut 

Supplementation on Blood Glucose in Patients with Type 2 Diabetes: A Randomized 

Crossover Trial. Rev Diabet Stud. 2014;11:190–6.  

313. Jenkins DJ, Kendall CWC, Josse AR, et al. Almonds decrease postprandial 

glycemia, insulinemia, and oxidative damage in healthy individuals. J Nutr. 

2006;136:2987–92.  

314. Jenkins DJ, Kendall CWC, Marchie A, et al. Effect of almonds on insulin 

secretion and insulin resistance in nondiabetic hyperlipidemic subjects: a randomized 

controlled crossover trial. Metabolism. 2008;57:882–7.  

315. Cohen AE, Johnston CS. Almond ingestion at mealtime reduces postprandial 

glycemia and chronic ingestion reduces hemoglobin A1c in individuals with well-

controlled type 2 diabetes mellitus. Metabolism. 2011;60:1312–7.  

316. Mori AM, Considine RV, Mattes RD. Acute and second-meal effects of almond 

form in impaired glucose tolerant adults: a randomized crossover trial. Nutr Metab 

(Lond). 2011;8:6.  

317. Josse AR, Kendall CWC, Augustin LSA, et al. Almonds and postprandial 

glycemia-a dose-response study. Metabolism. 2007;56:400–4.  

318. Reis CEG, Ribeiro DN, Costa NMB, et al. Acute and second-meal effects of 

peanuts on glycaemic response and appetite in obese women with high type 2 diabetes 

risk: a randomised cross-over clinical trial. Br J Nutr. 2013;109:2015–23.  

319. Ratliff J, Leite JO, de Ogburn R, et al. Consuming eggs for breakfast influences 

plasma glucose and ghrelin, while reducing energy intake during the next 24 hours in 

adult men. Nutr Res. 2010;30:96–103.  

320. Liu G, Puyau RS, Han H, et al. The Effect of an Egg Breakfast on Satiety in 

Children and Adolescents: A Randomized Crossover Trial. J Am Coll Nutr. 

2015;34:1–6.  

321. Vander Wal JS, Marth JM, Khosla P, et al. Short-term effect of eggs on satiety in 

overweight and obese subjects. J Am Coll Nutr. 2005;24:510–5.  

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 121 

322. Pombo-Rodrigues S, Calame W, Re R. The effects of consuming eggs for lunch 

on satiety and subsequent food intake. Int J Food Sci Nutr. 2011;62:593–9.  

323. Wien M, Haddad E, Oda K, et al. A randomized 3 × 3 crossover study to evaluate 

the effect of Hass avocado intake on post-ingestive satiety, glucose and insulin levels, 

and subsequent energy intake in overweight adults. Nutr J. 2013;12:155.  

324. Freeland KR, Wilson C, Wolever TMS. Adaptation of colonic fermentation and 

glucagon-like peptide-1 secretion with increased wheat fibre intake for 1 year in 

hyperinsulinaemic human subjects. Br J Nutr. 2010;103:82–90.  

325. Nilsson AC, Johansson-Boll EV, Björck IME. Increased gut hormones and 

insulin sensitivity index following a 3-d intervention with a barley kernel- based 

product: a randomised cross-over study in healthy middle-aged subjects. Br J Nutr. 

2015;114:899–907.  

326. Nguo K, Bonham MP, Truby H, et al. Effect of Macronutrient Composition on 

Appetite Hormone Responses in Adolescents with Obesity. Nutrients 2019;11(2):340. 

327. Belza A, Ritz C, Sorensen MQ, et al. Contribution of gastroenteropancreatic 

appetite hormones to protein-induced satiety. Am. J. Clin. Nutr. 2013, 97, 980–989  

328. Van der Klaauw AA, Keogh JM, Henning E, et al. High protein intake stimulates 

postprandial GLP1 and PYY release. Obesity 2013, 21, 1602–1607.  

329. Lequellec A, Kervran A, Blache P, Ciurana AJ, Bataille D. Oxyntomodulin-Like 

Immunoreactivity - Diurnal Profile of a New Potential Enterogastrone. J Clin 

Endocrinol Metab 1992 Jun;74(6):1405–9.  

330. Konturek SJ, Konturek JW, Pawlik T, et al. Brain-gut axis and its role in the 

control of food intake. J Physiol Pharmacol 2004;55(1):137-54 

331. Schjoldager B, Baldissera FG, Mortensen PE, et al. Oxyntomodulin: a potential 

hormone from the distal gut. Pharmacokinetics and effects on gastric acid and insulin 

secretion in man. Eur J Clin Invest 1988;18:499-503. 

332. Santoprete A, Capito E, Carrington PE, et al. DPP-IV-resistant, long-acting 

oxyntomodulin derivatives. J Pept Sci. 2011;17(4):270–80.  

333. Bianchi E, Carrington PE, Ingallinella M, et al. A PEGylated analog of the gut 

hormone oxyntomodulin with long-lasting antihyperglycemic, insulinotropic and 

anorexigenic activity. Bioorg Med Chem 2013;21:7064-73 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.



 122 

334. Dakin CL, Gunn I, Small CJ, et al. Oxyntomodulin inhibits food intake in the rat. 

Endocrinology 2001; 30;142(10):4244–50.  

335. Wynne K, Park AJ, Small CJ, et al. Oxyntomodulin increases energy expenditure 

in addition to decreasing energy intake in overweight and obese humans: a randomised 

controlled trial. International Journal of Obesity 2006;30(12):1729–36.  

336. Schjoldager B, Mortensen PE, Myhre J, et al. Oxyntomodulin from distal gut. 

Digestive Dis Science 1989;34(9):1411-9.  

337. ElHindawy MMM, Kim CY, and Hamaker B. Dietary starch digestion products 

as activators for gut hormones controlling appetitive response. FASEB J 2017;31:1 

338. Enriori PJ, Evans AE, Sinnayah P, et al. Leptin resistance and obesity. Obesity 

(Silver Spring). 2006;14 Suppl 5:254S–8S.  

339. Prasad-Reddy L, Isaacs D. A clinical review of GLP-1 receptor agonists: efficacy 

and safety in diabetes and beyond. Drugs Context. 2015;4:212283.  

 

Tesi di dottorato in Scienze biomediche integrate e bioetica, di Antonio Di Mauro, 
discussa presso l’Università Campus Bio-Medico di Roma in data 10/07/2019. 
La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca, 
a condizione che ne venga citata la fonte.




