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Effect of Almond Consumption on Glucose Metabolism, Hyperinsulinemia 
and Selected Markers of Inflammation: A Randomized Controlled Trial in 
Adolescents and Young Adults in Mumbai, India 
Jagmeet Madan, Ms Panchali Moitra, Dr Sharvari Desai, Ms Sheryl Salis, Dr Rekha Battalwar, Dr Anushree 
Mehta, Dr Soumik Kalita, Dr Ajay Phathak, Dr Shobha Udipi, Dr Rama Vaidya, Dr Ashok Vaidya 
1Sir Vithaldas Thackersey College of Home Science (Autonomous), SNDT Women’s University, Mumbai, Mumbai, India, 
2Kasturba Health Society’s- Medical Research Center, Mumbai, India 

Introduction: A large percentage of Indian population has diabetes or is at risk of pre-diabetes. Almond 
consumption has shown benefits on cardio metabolic risk factors in adults, however studies evaluating the 
effect of almond consumption among adolescents and young adults in India are limited. 
 
Objectives: This study assessed the effect of almond consumption on determinants of metabolic dysfunction 
- blood glucose, insulin, selected inflammatory markers and oxidant damage among adolescents and young 
adults aged 16-25 years in Mumbai, India.  
 
Methods: This cluster randomized trial was conducted on individuals with impaired levels of glucose (fasting 
glucose (5.6 - 6.9mmol/L), 2h post-glucose (7.8-11.0mmol/L) and /or insulin (fasting insulin (≥15mIU/ ml) 
/glucose challenge insulin (≥80mIU/ml). Participants (n= 421) were selected after screening 1313 individuals. 
The almonds group (n=107) consumed 56gm almonds daily for 90 days and was compared with a control 
group (n=112) who consumed an iso-caloric snack for the same period. Blood samples were analysed at 
baseline and endline for glucose, insulin, HbA1C, LDL, HDL, total, oxidized cholesterol, triglycerides, hs-CRP, 
IL-6, TNF-α, adiponectin, leptin. Body fat (%), visceral fat, weight, were measured. HOMA-IR, FG:FI ratio, BMI, 
WHR, WHtR were calculated. Dietary intakes were assessed using 24-hour recall. 
 
Results: Baseline values for all measurements and macronutrient intakes did not differ significantly between 
the two groups. Though, no significant changes were observed in anthropometric measurements from 
baseline to endline between both groups, percent body fat increased four times more in the control than the 
almonds group. Almond consumption significantly decreased HbA1C, total cholesterol, LDL-C, IL-6. Stimulated 
insulin decreased post-intervention in both groups, but was greater in almonds group. FG:FI ratio decreased 
in almonds group. TNF-α decreased in almonds group while it increased in control group.  
 
Conclusion: The present study shows the directionality for almond consumption to reduce inflammatory 
markers, total cholesterol, LDL cholesterol levels and HbA1C levels in adolescents and young adults who were 
at risk for developing diabetes. Thus, almonds can be considered as one of the food-based strategies for 
preventing pre-diabetes. 
 
Funding Sources: This study was funded by the Almond Board of California. 
Key words: Almonds, Prediabetes 
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ASSOCIATION BETWEEN THE 2018 WCRF/AICR AND THE LOW-RISK 
LIFESTYLE SCORES WITH COLORECTAL CANCER RISK IN THE PREDIMED 
STUDY 
Nancy Babio1,2, Nancy Babio1,2, Pablo Hernández-Alonso1,2,3, Estefanía Toledo2,4, Judith B. Ramirez-Sabio5, 
Ramón Estruch2,6,7, Emilio Ros2,7,8, Montserrat Fitó2,9, Angel M. Alonso-Gómez2,10, Miquel  Fiol2,11, Jose 
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INTRODUCTION: 
Adherence to recommendations by the World Cancer Research Fund/American Institute for Cancer Research 
(WCRF/AICR) and to a score composed of low-risk lifestyle factors (i.e., smoking status, alcohol consumption, 
physical activity, diet and body mass index (BMI)) has been associated with decreased CRC risk and cancer 
mortality, respectively. No previous study has assessed associations between the low-risk lifestyle score and 
CRC risk. Furthermore, limited longitudinal studies have focused on the 2018 WCRF/AICR recommendations.  
 
OBJECTIVE:  
To assess the association between adherence to 2018 WCRF/AICR and low-risk lifestyle scores with CRC 
incidence in the PREDIMED cohort.  
 
METHODS: 
We studied 7,216 elderly men and women at high cardiovascular risk. The 2018 WCRF/AICR and low-risk 
lifestyle scores were calculated. Multivariable Cox proportional regression models were fitted to estimate the 
HRs (hazard ratios) and 95% confidence intervals (CIs) for incident colorectal cancer events. 
 
RESULTS: 
During a median [IQR] follow-up of 6.0 [4.4–7.3] y, 101 colorectal cancer events were documented. A 
significant linear association was observed between each 1-point increment in the WCRF/AICR score and CRC 
risk [HR (95% CI) = 0.79 (0.63-0.99)]. Additionally, a significant decreased CRC risk [0.42 (0.19-0.93)] was found 
in individuals with the maximum score for sugar-sweetened beverages (SSB) recommendation. Similarly, each 
1-point increment in the low-risk lifestyle score was associated with a 22% reduction in CRC risk [0.78 (0.64-
0.96)]. 
 



CONCLUSIONS:  
Following the 2018 WCRF/AICR recommendations, particularly those related to SSB and a low-risk lifestyle 
pattern may substantially reduce CRC incidence.  
 
KEYWORDS: lifestyle; food 
 
FINANCIAL SUPPORT: 
The Centro de Investigación Biomédica en Red Fisiopatología de la Obesidad y Nutrición (CIBEROBN) is an 
initiative of the Spanish Instituto de Salud Carlos III (ISCIII) which is funded by FEDER (CB06/03). It is supported 
by the official funding agency for biomedical research of the Spanish government, ISCIII (RTIC G03/140 and 
RD 06/0045) through CIBEROBN, and by grants from the Centro Nacional de Investigaciones Cardiovasculares 
(CNIC 06/2007), Fondo de Investigación Sanitaria–Fondo Europeo de Desarrollo Regional (PI04–2239, 
PI05/2584, CP06/00100, PI07/0240, PI07/1138, PI07/0954, PI07/0473, PI10/01407, PI10/02658, PI11/01647, 
and PI11/02505; PI13/00462). L. Barrubés has been granted by the Spanish Ministry of Education, Culture and 
Sports (FPU16/00165).
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Eating Behaviors of Children with Special Needs: A pilot study   in Turkey 
Penbe Merve Korkmaz1, Assistant Professor Ulku Demirci2, Assistant Professor Hayrettin Mutlu3 

1Istanbul Gedik University, Kartal, Turkey, 2Istanbul Beykent University, Istanbul, Turkey, 3Istanbul Gedik University, Kartal, 
Turkey 

Psychosocial and abnormal determinants in children and adolescents with special needs can be effective in 
feeding behavior. Studies have sown that the prevalence of obesity in children with Down syndrome (DS) is 
33.5‰ - 43.5‰, the prevalence of malnutrition in children with cerebral palsy (CP) is 22.2‰ - 78.2‰. In our 
country studies are limited. Thus eating behavior of individuals with special needs is not yet fully understood. 
Our study aimed to evaluate children with special needs with the Eating Behavior Scale in children. 
The study sample consisted of 47 boys and 16 girls, ages between 6 and 18, who were clinically and 
cytogenetically diagnosed with developmental disorders and their legal guardians. The sample covers 6 
different diagnostic groups  (DS, Mental Retardation, Autism Spectrum Disorder, Prader Willi Syndrome, 
Mentel Syndrome, and CP). Childhood Eating Behavior Questionnaire was administrated to the participants, 
which gives the results of the subscale score and total scale score. Our study was carried out at Dolayoba 
Integrated Physical Activity Center. Statistical analysis was carried out by the Spss25 package program. 
The height, weight, and age averages are 133,33 cm ± 18,9, 40,6kg ± 19,49 and 10,71yrs ± 3,319 and the 
average BMI was 22,17±7,01. BMI average for CP was lower than DS. According to gender and special needs 
groups, there was no significant difference between the total nutritional behavior scores(P=0,155) and boys 
with CP had significantly higher Emotional Undernourishment subscores(P=0,010) and Picky Eating subscores 
compared to other children (P=0,035). 
 
In children with special needs, adequate and balanced nutrition is one of the main factors that increase the 
quality of life and prevents the development of diseases.  Eating behaviors may differ according to diagnosis. 
Especially in children with CP, emotional undereating and food selectivity should be taken into consideration 
during the treatment period. Thus diet plans should be adjusted to provide more energy, balance metabolism, 
compensate for deficiencies and increase digestion. 
 
Key Words: Special Needs, Nutritional Behavior In Children, Obesity, Malnutrition
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Patient-reported frequency of diabetes and dumping syndrome more than 
ten years after Laparoscopic Roux-en-Y gastric bypass 
Ms. Siren Nymo1, Hallvard Græslie1, Dag Arne2, Gjermund Johnsen3, Bård  Kulseng4, Ronald Mårvik3, Jorun 
Sandvik2 

1Nord Trøndelag Hospital Trust, Namsos, Norway, 2Clinic of Medicine and Rehabilitation, Møre and Romsdal Hospital Trust, 
Ålesund, Norway, 3Clinic of Surgery, St. Olav University Hospital , Trondheim, Norway, 4Centre for Obesity and Innovation 
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Background: Bariatric or metabolic surgery is the most efficient method for long term weight loss, weight loss 
maintenance and improvement of obesity related comorbidity. One of the side effects after Roux-en-Y gastric 
bypass (LRYGB) is dumping syndrome or hypoglycaemia. 
Objectives: The aims of the Bariatric Surgery Observational Study (BAROBS) are to evaluate the effects and 
side-effects of LRYGB  as treatment for severe obesity including change in self-reported frequency of diabetes 
and  dumping syndrome short or long term after a meal.  
Methods: Patients, who underwent LRYGB for severe obesity, at three hospitals in the central region of 
Norway between 2003 and 2009, were invited to a follow-up visit 10-15 years after the operation. In addition 
to clinical examination, blood sampling and various tests, the participants also answered a comprehensive 
electronically survey. The following questions were asked in the survey “Did you have diabetes before and/or 
after LRYGB?”, “Have you had dumping or hypoglycaemia or felt discomfort due to low blood sugar the last 
year?” and “How long time after a meal did you experience the discomfort?”. 
The data collection is still ongoing. 
Results: So far, 467 (80% females) out of 930 LRYGB-patients have completed the survey. Before LRYGB 16% 
had diabetes, and more than ten years after 5%.  
342 (75%) patients experienced some kind of discomfort due to hypoglycaemia. Of these 240 (76%) 
experienced discomfort less than one hour and 84 (26 %) more than one hour after the meal. Sixty patients 
(19%) did not seem to experience any association with food intake. 
When the data collection is completed, the relationship between reported symptoms and laboratory tests 
will be explored. 
Conclusion: More than ten years after RYGB 2/3 of the participants with initial diabetes were in remission. 
The majority of the participants experience some discomfort related to early dumping, which probably is an 
advantage that may lead to disruption of the meal and limits food intake.  
 
Funding: This study was funded by the Liaison Committee for education, research and innovation in Central 
Norway and the Norwegian University of Science and Technology (NTNU). 
Keywords: Food, Lifestyle
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Lifestyle  intervention in the prevention of type 2 diabetes in individuals 
with low or high genetic risk – two-year results of the T2D-GENE study 
Dr. Maria Lankinen1, Ulla Tolonen1, Susanna Kemppainen1, Katriina Malkki-Keinänen1, Noora Nevalainen1, 
Markku Laakso2, Ursula Schwab3 
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Introduction: Several trials have indicated that lifestyle intervention is effective in the prevention of type 2 
diabetes (T2D), but none of these trials has considered the genetic risk of the participants. 
Objective: The aim of the T2D-GENE study is to compare the effect of lifestyle intervention on the prevention 
of incident T2D and the worsening of hyperglycemia in people with high or low number of T2D risk alleles. 
Methods: Altogether 635 participants (half with high genetic risk and half with low genetic risk) will go through 
a 3-year lifestyle intervention, and around 600 matched the METabolic Syndrome In Men participants will 
serve as the controls. The genetic risk has been calculated based on the 76 risk alleles for T2D. The trial started 
in April 2016 and will be completed in September 2021. The inclusion criteria were impaired fasting glucose 
(5.6-6.9 mmol/l), HbA1c <6.5 %, age from 50 to 75 years, and BMI ≥25 kg/m2. Study participants and research 
personnel are blinded with respect to the participants’ genetic risk. The intervention includes group sessions, 
the use of a study website, and laboratory visits including an oral glucose tolerance test (OGTT) at baseline, 
year 2 and year 3. Five 4-day food records are collected during the study.  
Results: All participants in the intervention group have had a 2-year visit (n=572). Our results show that the 
dietary intake of fiber, unsaturated fat, vitamin C and folate has increased, whereas the dietary intake of 
saturated fat and sucrose has decreased (p<0.001) during the first 2 years of the intervention. BMI and the 
concentrations of total cholesterol, LDL cholesterol, triglycerides and alanine aminotransferase have 
decreased (p<0.01). Glucose metabolism has not been improved.  
Conclusions: Our preliminary results show that the group-based counselling strategy has been effective to 
improve the quality of diet and cardiometabolic risk factors. It remains to be elucidated if the intervention 
delays the decline of glycemia compared to the controls and if there is a difference between the genetic risk 
groups.  
Keywords: lifestyle, genetics 
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Apples and glycaemic control: a mechanistic investigation into the acute 
effects of apple polyphenols on carbohydrate digestion and absorption 
Ms Emily Prpa1, Dr Christopher Corpe1, Dr Balazs Bajka1, Prof Peter Ellis1, Dr Peter Butterworth1, Dr  Paul Kroon2, 
Dr. Wendy Hall1 

1King's College London, London, United Kingdom, 2Quadram Institute Bioscience, Norwich, United Kingdom 

Introduction: Previous research demonstrated that relatively high doses of polyphenol-rich apple extract (AE) 
can markedly delay the rise in blood glucose concentrations following a meal containing available 
carbohydrate. 
Objectives: To determine the efficacy of lower doses of AE and examine the mechanisms by which AE can 
influence carbohydrate digestion and absorption. 
Methods: In a randomised, controlled, double-blinded, cross-over trial, drinks containing 1.8 g (HIGH), 1.35 g 
(MED), 0.9 g (LOW), or 0 g (CON) of AE (52% total (poly)phenolic content, 8% being phlorizin, w/w) were 
consumed immediately before 75 g carbohydrate (starch/sucrose). Measurements of postprandial blood 
glucose, insulin, C-peptide, glucose-dependent insulinotropic polypeptide (GIP) and polyphenol metabolite 
concentrations (0-240 min), acetaminophen concentrations to assess gastric emptying rate, and 24 h urinary 
glucose excretion were performed. The effect of the AE on glucose transport was examined in vitro using 
Caco-2/TC7 cells, and on alpha-amylase activity (and starch digestion kinetics) by in vitro fluorescence assays.  
Results: AE significantly reduced the early glycaemic response (plasma glucose iAUC 0-30 min) at all doses: 
mean differences (95% CI) relative to CON were -15.6 (-23.3,-7.9), -11.3 (-19.6, -3.0) and -8.99 (-17.3, -0.7) 
mmol/L.min for HIGH, MEDIUM and LOW respectively. AE delayed Tmax (HIGH, MEDIUM and LOW 45 min 
vs. CON 30 min) but did not significantly lower Cmax or total iAUC 0-120 min. Similar dose-dependent 
treatment effects were observed for insulin, C-peptide, and GIP. Gastric emptying rates and urinary glucose 
excretion did not differ between treatments. Serum phloretin, quercetin and epicatechin metabolites were 
detected postprandially. HIGH and LOW physiological AE dose equivalents decreased total glucose uptake by 
48% and 30% in Caco-2/TC7 cells, and inhibited alpha-amylase activity by 91% and 69%, respectively. 
Conclusions: AE, even at a low dose, can delay the initial glycaemic response to starch and sucrose 
consumption, which is likely to be the sum effect of polyphenol-mediated inhibition of digestive enzyme 
activity and intestinal glucose transport, and not delayed gastric emptying. This supports the potential for this 
AE to be incorporated into functional food/beverages to aid glycaemic control.  
 
Funding: PhD Studentship (E. Prpa) funded by DIANA Food Ltd., Rennes, France 
Keywords: Phytochemicals, Macronutrients. 
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The effect of low carbohydrate diet on insulin requirements and metabolic 
control in type 1 diabetes - The DANCE (Diabetes ANd CarbohydratEs) study 
protocol. 
Ms. Afroditi Barouti1, Anneli Björklund1 

1Department of Molecular Medicine and Surgery, Karolinska Institutet, Stockholm, Sweden 

Introduction: The scientific basis for dietary recommendations in type 1 diabetes (T1D) is almost lacking, as 
current recommendations are based on type 2 diabetes studies. Evidence from observational studies and 
small pilot trials suggests that low carbohydrate diets could have a positive metabolic effect even in T1D. 
 
Objectives: This study aims to compare how three diets with different carbohydrate content (high, moderate, 
low) affect the insulin requirements, metabolic control and glycemic variability of adults with T1D in a 6-
month randomized trial with a pragmatic design. A second aim is to assess the feasibility of low carbohydrate 
diets for T1D. 
 
Methods: A three-arm randomized controlled trial (1:1:1) is conducted at an outpatient diabetes clinic in 
Stockholm, Sweden. Men and women ≥ 20 years old with T1D duration > 1 year are recruited from Stockholm 
and Uppsala and randomized to one of the following diets: a control diet with carbohydrate content 50-60% 
of total energy intake, a moderately low carbohydrate diet (30-40%) and a strictly low carbohydrate diet (15-
20%) with a minimum daily carbohydrate intake of 50 g. A diet with less than 50 g carbohydrates/day is usually 
considered ketogenic and will not be tested here. The duration of the intervention is 6 months after which 
the participants choose their own diet and are followed for another 6 months. Primary outcome is change in 
insulin requirements at 3 and 6 months. Secondary outcomes include anthropometric measurements, 
metabolic markers, glycemic variability measured with continuous glucose monitoring systems, plasma 
metabolites using metabolomics, gut microbiota composition and participants’ well-being and tolerability to 
the diets. A web-based food registration program is used for assessment of dietary intake and compliance, 
and as an aid for carbohydrate counting.  
 
Results: The study is ongoing and we plan to recruit 120 participants. 
 
Conclusions: The DANCE study aims to provide valuable information on the feasibility and effect of low 
carbohydrate diets in T1D in a real world clinical setting. Study results could contribute to the development 
of specific evidence-based dietary recommendations for T1D.  
 
Fundings: Skandia’s Research Foundation, Dietaryscience.org, Stockholm County Council, Swedish Diabetes 
Foundation, Nutricia Research Foundation  
 
Keywords: macronutrients, dietary patterns 
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USE OF FLAVANOLS IN TYPE 2 DIABETES MELLITUS WITH 
MICROALBUMINURIA (FLAVA TRIAL): A RANDOMIZED CONTROLLED 
MULTICENTER TRIAL. 
Mardin Rashid2, Dr. Adrie Verhoeven2, Dr. Monique Mulder2, Dr. Reinier Timman3, Behiye Ozcan2, Dr. Yvonne 
van Beek-Nieuwland4, Dr. Athumani Athumani5, Dr.  Roel van den Laar6, Prof. Eric Sijbrands2, Dr. Kirsten Berk1 

1Erasmus Medical Center, Department of Dietetics, Rotterdam, The Netherlands, 2Erasmus Medical Center, Department of 
Internal Medicine, Rotterdam, The Netherlands, 3Erasmus Medical Center, Department of Psychiatry, section of Medical 
Psychology and Psychotherapy, Rotterdam, The Netherlands, 4Havenziekenhuis, Department of Internal Medicine, 
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hospital, Department of Internal Medicine, Rotterdam, The Netherlands 

Background: microalbuminuria is an early sign of vascular complications of type 2 diabetes and predicts 
cardiovascular disease and mortality. Monomeric and oligomeric flavanols (MOFs) are linked to improved 
vascular health.   
Objectives: to assess the effect of 3 months MOFs on albuminuria and endothelial function markers in patients 
with type 2 diabetes and microalbuminuria. 
Methods: we conducted a double-blind, placebo-controlled, multicenter trial among patients with type 2 
diabetes and microalbuminuria. A 200 mg MOFs or placebo daily in a 1:1 ratio, was added to their habitual 
diet and medication. The primary endpoint was the between-group difference of the change in 24-hour 
Albumin Excretion Rate (AER) over three months. Secondary endpoints were the between-group differences 
of the change in plasma levels of different markers of endothelial dysfunction. Mixed-modelling was applied 
for the longitudinal analyses. 
Results: participants (n=97) were 63.0 ± 9.5 years old; diabetes-duration was 15.7 ± 8.5 years. Median baseline 
AER was 60 (IQR 20-120) mg/24h. There was no within-group difference in median change of AER from 
baseline to 3 months in the intervention (0 (-35-21) mg/24h, p=0.41) or the control group (0 (-20-10) mg/24h, 
p=0.91). There was no between-group difference in the course of AER over three months (log-transformed 
data: β=-0.02 (95%CI -0.23-0.20), p=0.88), nor in the plasma levels of the endothelial dysfunction markers.  
Conclusion: daily 200 mg MOFs for three months on top of usual care did not reduce AER and plasma markers 
of endothelial dysfunction compared to placebo, in patients with long-term type 2 diabetes and 
microalbuminuria.  
 
Funding: Masqueliers’ OPC. 
Keywords: phytochemicals; micronutrients 
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FADS1 genotype modifies the metabolic response to dietary linoleic and 
alpha-linolenic acids in a genotype based clinical trial 
Mr. Topi Meuronen1, Maria Lankinen1, Johan Kolmert2, Vanessa de Mello-Laaksonen1, Jussi Pihlajamäki1,3, Craig 
E. Wheelock2, Markku Laakso4, Ursula Schwab1,5 
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Introduction:  
Fatty acid desaturase 1 (FADS1) gene codes for Δ5 desaturase (D5D) enzyme. D5D is one of the key enzymes 
that determines the rate of endogenous formation of long-chain polyunsaturated fatty acids (LC-PUFAs). The 
genetic variation of the FADS genes is associated with differences in lipoprotein and glucose metabolism. The 
homozygous minor C allele on FADS1 rs174550 decreases gene expression resulting in decreased overall D5D 
activity.  
 
Objectives:  
The study examined the effect of FADS1 rs174550 polymorphism on lipid metabolism in an 8-week controlled 
4-arm dietary intervention study.  
 
Methods: In total, 60 (FADS1 rs174550 CC genotype n = 21 and TT genotype n = 39) and 58 (n CC = 26, n TT = 
32) subjects finished the study in high linoleic acid (LA) or high alpha-linolenic acid (ALA) diets, respectively. 
Participants consumed 30-50 ml/day of either LA rich sunflower oil or ALA rich Camelina Sativa oil. The daily 
dose was calculated based upon BMI. Fasting plasma EDTA samples were analyzed by LC-MS/MS quantitative 
lipid mediator profiling. Fatty acid composition of plasma phospholipids (PL) and cholesteryl esters (CE) were 
analyzed by gas chromatography. Differences in the responses to the diets between the genotypes were 
investigated with linear mixed effect model.  
 
Results:  
The plasma concentration of arachidonic acid (AA) in PL and CE fractions decreased in the CC genotype after 
LA diet, there were no changes in the TT genotype. The concentration of eicosapentaenoic acid (EPA) 
increased after high ALA diet only in subjects with the TT genotype. After ALA diet, the carriers of the TT 
genotype maintained the higher concentration of lipid mediators derived from LC-PUFAs compared with the 
carriers of the CC genotype.  
 
Conclusions:  
Higher rates of conversion of ALA to EPA was observed in subjects with the FADS1 rs174550 TT genotype. 
However, AA concentrations were not increased in response to high LA diet in either genotype in CE and PL 
fractions. Genotype also modified concentrations of lipid mediators. Our findings suggest that the increased 
EPA concentrations in response to high ALA diet are related to the FADS1 genotype.  
 
Fundings: Academy of Finland, 309311  
Personalized nutrition, Genetic tags  
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PROTEIN – PeRsOnalized nutriTion for hEalthy livINg 
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Prof. Dr.  Maria  Hassapidou5, Dr. Ion Pagkalos5, Dr. Roselien  Buys6, Dr. Veronique  Cornelissen6, Dr. Sofia  Balula 
Dias7, Audrey Van Scharen8, Dr. Kathryn Hart2, Prof. Dr. Andreas F. H. Pfeiffer1 

1Charité, Berlin, Germany, 2University of Surrey, Surrey, England, 3Centre for Research and Technology Hellas - Information 
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Belgium, 7Universtiy of Lisbon, Lisbon, Portugal, 8Vrije Universiteit Brussel, Brussels, Belgium 

INTRODUCTION 
Despite the continuously improving guidelines for general nutrition and physical activity, the incidence of type 
2 Diabetes (T2D) keeps rising. Patients diagnosed with T2D are informed about the importance of lifestyle 
changes, but there is a need for an individualized approach, since recommendations for healthy living have 
not been proven to encourage lasting behavioral changes towards a healthier lifestyle. Prevention studies in 
China, USA and Finland have observed higher success on preventing T2D with an intensive ongoing 
intervention that leaves room for flexibility. The PROTEIN project aims to facilitate users to choose a healthier 
lifestyle, thereby improving their metabolism and T2D management. 
 
OBJECTIVES 
Medicine is moving towards more holistic therapy methods; the present study explores how personalized 
nutrition can be a successful approach when using more personalized tools tailored to the person’s needs. 
 
METHODS 
The pilot study presented here is divided into a feasibility trial and a randomized controlled trial conducted 
with a total of 200 participants with T2D, age 18 to 80, willing to wear a continuous glucose monitoring system 
(CGM) and an activity tracker. After screening, the enrolled subjects will be provided instructions on how to 
use of the PROTEIN mobile application and CGM. The app will provide customized meal and exercise 
recommendations according to their glucose levels, previous and current dietary intake and physical activity. 
For personalization purposes, the subjects will be expected to provide their food preferences, allergies, 
intolerances and daily physical activities.  
 
RESULTS 
PROTEIN is ongoing. The primary outcome will be a better time in range of glucose levels and the secondary 
will be a behavioral change towards more favorable metabolic parameters.  
 
CONCLUSION 
The PROTEIN-App proposes a quality evidence-based treatment option, which will enable the healthcare 
professionals to take advantage of recent advances in technology to provide a personalized lifestyle 
recommendation. This will therefore, require fewer appointments and encourage better patient compliance, 
saving monetary and personal resources.  
 
Funding: European Union’s Horizon 2020 research and innovation programme under grant agreement No 
817732. 
 
Keywords: Dietary patterns, Personalized nutrition 
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Maria Elena Lalama Jimenez1, Kilian J. A. Rüther1, Dr. Anette Christ2, Dr. Nicolle Kränkel1, Dr. Stefan Kabisch1, 
Prof. Dr. Eicke Latz2, Prof. Dr. Andreas F. H. Pfeiffer1 

1Charité, Berlin, Germany, 2Institute of Innate Immunity, Bonn, Germany, 3Deutsche Institut für Ernährungsforschung, 
Potsdam-Rehbrücke, Germany 

INTRODUCTION 
Type 2 Diabetes (T2D) is a chronic metabolic disease which has tremendously increased within the last 
decade. Lifestyle changes are the primary treatment option for T2D. Here, the first four years post diagnosis 
are crucial. Previous data have shown that weight loss of 15 kg in patients with obesity induced T2D remission 
(e.g. DIRECT study). However, next to weight loss other factors potentially play an important role in the 
therapeutic success, as non-responders were observed in the DIRECT study. Epigenetic reprogramming of 
innate immune cells and a subsequent sustained inflammatory state may be crucial in the development and 
an affected remission of T2D (e.g. Christ 2018). Therefore, our FAIR study investigates whether a hypocaloric 
diet treatment in T2D patients has an impact on the inflammatory status in responders and non-responders. 
 
OBJECTIVES 
The study aims to assess, if there is an interaction between altered energy metabolism and innate immune 
cell reprogramming in T2D patients and upon diet-induced remission. 
 
METHODS 
An intervention study will be conducted in 64 female and male patients with T2D , aged 18 to 80. The subjects 
will be continuously allocated to meal replacements over a period of three months, providing 600 kcal/d for 
women and 800 kcal/d for men. Clinical visits will be conducted four times: at baseline, 7 days, 12 weeks and 
6 months post treatment. Participants will carry a glucose sensor providing them feedback regarding their 
glucose levels. The subjects will be asked to provide a food record at baseline and 6 months post diet 
treatment. Blood samples will be taken at the four main visits to conduct a flow cytometry-based 
characterization of circulating leukocytes and to analyze metabolic, anthropometric and immunological 
parameters. 
 
RESULTS 
The FAIR study is ongoing.  
 
CONCLUSIONS 
We expect to gain high quality evidence that will help healthcare professionals to define the right profile for 
their treatment in a real-world scenario. Meal replacement diets are less invasive and cheaper than bariatric 
surgery. It will also protect non-responders from starting an ineffective treatment. 
 
Funding: EFSD 
 
Keywords: Epigenetic Tags and dietary patterns
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EVALUATION OF VITAMIN D LEVELS BETWEEN PATIENTS WITH DIABETES 
MELLITUS AND/OR WITHOUT DIABETIC FOOT ULCER 
Ms. Sofia Tsitsou3, Dr. Charilaos Dimosthenopoulos1, Mr Charilaos Dimosthenopoulos1, Mrs Ioanna 
Eleftheriadou2, Mr Nikolaos Tentolouris2 

1Department of Nutrition, Laiko General Hospital of Athens, Athens, Greece, Athens, Greece, 21st Department of 
Propaedeutic Internal Medicine, Medical School, National and Kapodistrian University of Athens, Laiko General Hospital of 
Athens, Athens, Greece, ATHENS, Greece, 3National And Kapodistrian University Of Athens, ,  

Introduction: In recent years, the association of vitamin D levels with various diseases has been studied, as its 
receptors are found in all tissues of human body. There is currently limited information on the relationship 
between serum vitamin D levels and diabetic foot ulceration. 
Objectives: The present study examined the difference in vitamin D levels between patients with Diabetes 
Mellitus (DM) with and without ulcer and these compared to volunteers without DM. In addition, the 
association of vitamin D levels with the clinical characteristics of the participants was investigated. 
Methods: The study included 28 healthy subjects, 33 patients with DM and active ulcer and 35 patients 
without ulcer. Medical and dietary history was obtained and total 25(OH)Vitamin D in serum was determined. 
Levels of <10ng/mL were defined as vitamin D deficiency, between 10-20ng/mL as insufficiency and >20ng/mL 
as sufficiency. 
Results: Vitamin D concentrations differ between the three groups (p<0.001); healthy subjects had normal 
serum vitamin D levels, while in the other two groups deficiency and insufficiency were more prevalent. 
Patients with DM with and without ulcer had similar vitamin D levels (17,9±6.7 ng/mL and 19.8±8.7 ng/mL, 
p=0.329 respectively). Among subjects with DM without ulcer, smokers had lower vitamin D levels compared 
to non-smokers (p=0.036). In non-ulcer patients, there was a tendency for a negative correlation between 
vitamin D and body mass index and a positive one between vitamin D and HbA1c. In the same group, a strong 
negative correlation was observed between vitamin D and LDL-cholesterol levels (p=0.004), whereas a 
positive one was found between vitamin D and the duration of sun exposure (p=0.013). 
Conclusions: Although, patients with DM with and without ulcer did not differ in vitamin D levels, the 
prevalence of deficiency and insufficiency was greater than adequacy in both groups. This finding highlights 
the need for screening and supplementation of vitamin D in subjects with DM.  
Fundings: None 
Keywords: micronutrients, vitamin D, diabetes mellitus, diabetic foot ulcer, lifestyle 
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Effect of a multifactorial eco-sustainable isocaloric diet on liver fat content 
in individuals with type 2 diabetes: an 8-week randomized controlled 
clinical trial.  
Dr. Claudia Vetrani1, Giuseppe Della Pepa1, Lutgarda  Bozzetto1, Serena Monti2, Marilena  Vitale1, Anna  Izzo1, 
Dominic  Salamone1, Paola Cipriano1, Giovanni Annuzzi1, Marcello  Mancini3, Marco Salvatore2, Gabriele 
Riccardi1, Angela A. Rivellese1 

1Department of Clinical Medicine and Surgery, Federico II University, Naples, Italy, 2IRCCS, SDN, Naples, Italy, 3IBB-CNR, 
Naples, Italy 

Introduction: Beside energy intake, different dietary components may influence liver fat deposition. Among 
these, monounsaturated fatty acids (MUFA), n-3 and n-6 polyunsaturated fatty acids (PUFA), polyphenols, 
low glycaemic index foods and dietary fibre may beneficially influence liver fat content.  
Objectives: The aim of this randomized controlled trial (NCT03380416) was to evaluate in individuals with 
type 2 diabetes (T2D) whether a Multifactorial diet, targeting all these beneficial dietary components, could 
be more effective on liver fat than a diet only rich in MUFA (MUFA-Diet) already proven to reduce liver fat. 
Methods: According to a parallel design, forty-nine overweight/obese individuals with T2D, 35-75 years-old, 
in satisfactory blood glucose control with diet or drugs not affecting liver fat content, were randomly assigned 
to an 8-week isocaloric intervention with a MUFA-Diet (n=26) or a Multifactorial diet rich in fibre, MUFA, n-3 
and n-6 PUFA, polyphenols, and vitamins D, E, and C (n=23). Before and after the intervention, liver fat content 
was evaluated by magnetic resonance spectroscopy and fasting blood samples were collected for measuring 
metabolic parameters.  
Results: Dietary compliance −evaluated by repeated 7-day food records− was op mal. No significant 
differences between groups in body weight reduction, plasma glycated hemoglobin, insulin, glucose, lipids 
and liver enzymes were observed. Liver fat significantly decreased after both the Multifactorial diet (9.18±7.8 
vs.5.22±4.8%; p=0.003) and the MUFA-Diet (9.47±8.9 vs. 8.07±8.5%; p=0.027) with a significant difference 
between the two dietary interventions either in absolute terms (-4.0±4.5 vs. -1.4±2.7%; p=0.035) or percent 
(-40±33 vs. -19±25%; p=0.030).  
CONCLUSIONS: An isocaloric Multifactorial diet including several beneficial dietary components induced a 
clinically relevant reduction of liver fat in individuals with T2D, more pronounced than that induced by a 
MUFA-rich diet. This suggests that the “optimal diet” to reduce liver fat in T2D should be based on synergic 
actions of different dietary components on multiple pathophysiological pathways.  
 
Key words: Dietary pattern, food
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The effects of foods on low-density lipoprotein cholesterol levels: A 
systematic review of the evidence 
Dr. David Iggman1 

1Uppsala University, Svärdsjö, Sweden 

Abstract 
Introduction: Low-density lipoprotein (LDL) cholesterol is a causal risk factor for atherosclerotic cardiovascular 
disease and can be substantially affected by dietary choices. Objectives: We aimed to evaluate the effects of 
foods on LDL cholesterol, in terms of effect size and strength of evidence.  
Methods: A systematic review of systematic reviews, and a systematic review and meta-analysis of 
randomised controlled trials (RCTs) were conducted. The results were compared with existing guidelines. We 
performed searches through June 2019, first for systematic reviews of RCTs in PubMed and Cochrane 
Database of Systematic Reviews. Second, for pre-specified foods without prior high-quality systematic 
reviews published, we searched for RCTs in PubMed and Cochrane Central Register of Controlled Trials. 
Additionally, Trip database was searched for guidelines from 2009–2019. Risk of bias was evaluated using a 
modified version of the AMSTAR tool and the Cochrane Risk of Bias Tool 2.0. The strength of evidence was 
evaluated using GRADE.  
Results: A total of 37 guidelines, 108 systematic reviews, and 20 RCTs were included. Of these, one guideline 
and 11 systematic reviews were restricted to individuals with diabetes. With high evidence, foods high in 
unsaturated and low in saturated and trans fatty acids (e.g. canola oil), with added plant sterols/stanols, and 
high in soluble fibre (e.g. oats, barley, and psyllium) caused an at least moderate (i.e. 0.20–0.40 mmol/L) 
reduction in LDL cholesterol, whereas unfiltered coffee caused a moderate to large increase. Soy protein, 
tomatoes, flaxseeds, and almonds caused a small reduction. With moderate evidence, avocados and turmeric 
caused moderate to large reductions. Pulses, hazelnuts, walnuts, high-fibre/wholegrain foods, and green tea 
caused small to moderate reductions, whereas sugar caused a small increase. Additional foods were neutral 
or had low or very low evidence regarding their effects on LDL cholesterol. In populations with diabetes, no 
foods received high or moderate evidence for effects. 
Conclusions: Several foods can modify LDL cholesterol levels. The results are mostly in line with current 
recommendations. It is unclear whether the effects are different in individuals with diabetes. 
Fundings: None. 
Keywords: Food, lifestyle.   
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Effectiveness of Written Dietary Advice on Lipoproteins - a Pragmatic 
Randomized Controlled Trial (MYDICLIN) 
Dr. David Iggman1 

1Uppsala University, Svärdsjö, Sweden 

Introduction: Patients frequently ask caregivers for advice for blood lipid management. This is of special 
importance in individuals with diabetes.  
Objectives: To investigate whether written dietary advice with individual written feedback can affect blood 
lipoproteins in the short-term and medium-term.  
Methods: The study was conducted during May 2018 to April 2019 at a Swedish primary health care centre. 
Volunteers not taking lipid-lowering medications were randomized into two parallel groups. Both arms 
received written dietary advice for lipoprotein management. The advice in the intervention arm focused on 
improving LDL cholesterol, while the advice in the control group focused on triglycerides. Blood samples were 
drawn at 3 weeks and 6 months after which standardized written feedback was provided. 
Results: In all, 113 participants were randomized of which 112 completed the study. Seven participants had 
type 2-diabetes and another nine had impaired fasting glucose. The mean age was 66 years (range 24-88 
years). For the primary outcome, LDL cholesterol, there was no difference between intervention or control 
groups in effects at 3 weeks (-0.21±0.38 vs. -0.11±0.34 mmol/L, P=0.45) or 6 months (-0.05±0.47 vs. 0.02±0.41 
mmol/L, P=0.70). Only 14 individuals (25%) vs 10 individuals (18%) managed to improve LDL cholesterol by 
≥10% at 3 weeks (P=0.47). There were no clear differences in other lipoproteins or blood pressure. Body 
weight was slightly more reduced in the control group, especially at 3 weeks (-0.36±0.67 vs -0.81±1.1 kg, 
P=0.007), but there was no difference in fasting plasma glucose or HbA1c at either time point (P≥0.17). Out 
of the 13 dietary advices in the intervention group, only reported adherence to increased intakes of plant 
sterols and turmeric were clearly associated with reductions in LDL cholesterol at 3 weeks. In the control 
group, only decreased carbohydrate intake was clearly associated with reductions in triglycerides at 3 weeks. 
Conclusions: Written dietary advice alone had only marginal effects for improving blood lipoproteins. More 
research is needed to established which dietary advices are most effective in a primary care setting. 
Clinicaltrials.gov identifier: NCT03528252. 
Fundings: Dalarna County Council, Center for Clinical Research Dalarna, Falun, Sweden 
Keywords: Food, lifestyle.   
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Associations between serum fatty acid composition, liver fat content, and 
energy metabolism: a population-based study 
Michael Fridén1, Fredrik Rosqvist1, Joel Kullberg2,3, Håkan Ahlström2,3, Lars Lind4, Ulf Risérus1 

1Department of Public Health and Caring Sciences, Clinical Nutrition and Metabolism, Uppsala University, Uppsala, Sweden, 
2Department of Surgical Sciences, Radiology, Uppsala University, Uppsala, Sweden, 3Antaros Medical AB, BioVenture Hub, 
Mölndal, Sweden, 4Department of Medical Sciences, Clinical Epidemiology, Uppsala University, Uppsala, Sweden 

Background: Both dietary fat quality and liver fat content are independent predictors of type 2 diabetes. A 
high intake of dietary n-6 polyunsaturated fatty acids (PUFA) has been shown to prevent liver fat accumulation 
in comparison to saturated fat in feeding trials. However, population-based data is lacking and the 
mechanisms underlying these effects are unclear.  
Objective: To investigate the associations between serum fatty acid composition and liver fat content, basal 
fat oxidation (assessed as respiratory quotient (RQ)) and resting energy expenditure (REE). We hypothesized 
that PUFA in particular is inversely associated with liver fat content, and that such relationship may be partly 
explained by higher RQ and/or REE. 
Design: Cross-sectional analyses using linear regression models in the population-based POEM (Prospective 
investigation of Obesity, Energy and Metabolism) cohort with available data on serum fatty acid composition, 
liver fat and energy metabolism (n=308). 
Results: Several serum fatty acids and fatty acid ratios were associated with liver fat content. Linoleic acid 
(18:2n-6), docosahexaenoic acid (22:6n-3) and estimated delta-5 desaturase (D5D) were inversely correlated 
with liver fat and directly correlated with REE, whereas oleic acid (18:1) and dihomo-γ-linolenic acid (20:3n-
6) demonstrated the opposite relationships. However, the associations between fatty acids and liver fat could 
not be explained by REE, except potentially for docosahexaenoic acid. Palmitoleic acid (16:1n-7) and 
estimated stearoyl CoA destaturase-1 (SCD-1) were associated with liver fat and RQ, but RQ in itself was not 
associated with liver fat.  
Conclusions: In a population-based setting, serum fatty acid composition was associated with liver fat content, 
overall in line with a favorable effect of replacing palmitic acid (16:0) with linoleic acid observed in feeding 
trials. We identified several novel associations between individual fatty acids and RQ and REE, but these 
associations did not explain the relationships between fatty acids and liver fat. PUFA may thus reduce liver 
fat by other mechanisms than influencing whole body energy metabolism.  
 
Keywords: Fatty acids, liver fat
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MEDITERRANEAN DIET ADHERENCE AND DIABETES SCREENING AMONGST 
PATIENTS OF COMMUNITY PHARMACIES IN BARCELONA 
Dr Joan Mir1,2, Ms Cristina Rodríguez-Caba1, Ms Maria Estrada-Campmany1, Ms Anna Heredia1, Ms Francisca 
Aranzana1, Mr Guillermo Bagaría1, Ms Eva Hortas-Pastor1,2, Anna Bach-faig1,2 

1Col·legi De Farmacèutics De Barcelona, Barcelona, Spain, 2Faculty of Health Sciences, Universitat Oberta de Catalunya, 
Barcelona, Spain 

Introduction: Diabetes and prediabetes cause world-wide up to 3.7 million casualties a year. Pharmacist-led 
intervention based on food counselling and diabetes screening could prevent cardiovascular events, slow 
down diabetes progression and outcrop undiagnosed diabetic patients. 
 
Objectives: To study the relationship between Mediterranean diet adherence and active lifestyle with 
diabetes and prediabetic states amongst patients of community pharmacies in Barcelona. 
 
Methods: Cross-sectional descriptive study for non-diabetic people older than 30 years old which took place 
in November-December 2017 in Barcelona, Spain. Pharmacists provided personalized health education 
depending on the results of FINDRISC, PREDIMED and IPAQ tests and a basal glucose blood test. Those with 
basal hyperglycaemia were referred to their general practitioner. A multivariate logistic model with the 
continuous variables was performed in order to define the threshold criteria for each independent variable 
which correlate with prediabetes and hyperglycaemia. 
 
Results: 2354 interventions took place in the 322 participating community pharmacies. Women outnumber 
men (65%). 9% present hyperglycaemia and 20% are prediabetic with altered basal glycaemia. FINDRISC score 
varies amongst euglycaemic (11.0±0.1), prediabetic (12.6±0.2) and hyperglycaemic participants (16.0±0.3). 
Dysglycaemic participants drink more wine and sugary drinks and they have less physical activity. 
Hyperglycaemic people eat less raw vegetables. According to the results of predictive model, prediabetes and 
hyperglycaemia are predisposed by being 40 years old or older; having a waist circumference of 80 cm or 
higher; having a body weight of 100 kg or more; having a BMI of 28 or higher; drinking 1 soda (or sugary drink) 
or more per day; drinking 7 glasses of wine or more per week and having less than 2 vigorous physical activity 
sessions per week. 
 
Conclusions: There is a higher prediabetes and diabetes incidence than previously reported by Soriguer et al. 
(2012). Higher wine consumption in dysglycaemic participants is counterintuitive to the previously reported 
protective effect of wine regarding cardiodiabesity. A model to predict prediabetic states based on their food 
patern is proposed.  
 
Fundings: This work was funded by Col·legi de Farmacèutics de Barcelona with the collaboration of A. 
Menarini Diagnostics and Ascensia Diabetes Care. 
 
Keywords: Food pattern, Lifestyle 
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Effect of Salivary Amylase Activity and Rice Preparation Method on 
Glycemic Response, Glycemic Index and Carbohydrate Digestibility 
Dr. Thomas Wolever1,2, Adish Ezatagha1, Andreea Zurbau1,2,3, Alexandra Jenkins1,3 

1Inquis Clinical Research, Inc., Toronto, Canada, 2University of Toronto, Toronto, Canada, 3St. Michael's Hospital, Toronto, 
Canada 

Background: Cooling cooked potatoes reduces their digestibility and glycemic index (GI), but the effect of 
cooling cooked rice is unknown.  Furthermore, it has been suggested that high salivary-amylase activity (SAA) 
increases both the GI and digestibility of starchy foods. 
Objective: Our objectives were to compare the glycemic response (GR), GI and digestibility of polished-rice 
consumed freshly cooked or after having been allowed to cool overnight in healthy individuals with low-SAA 
compared to high-SAA. 
Design: Healthy subjects with low-SAA (<50U/ml, n=20, mean±SD SAA, 30±15U/ml) and high-SAA (>105U/ml, 
n=20, 163±91U/ml) consumed 4 test-meals each containing 50g available-carbohydrate: freshly-cooked 
polished-rice (hot), rice cooked and allowed to cool overnight (cold), glucose (G) and glucose plus 10g 
lactulose (GL).  Blood glucose responses were measured over 2h; 90min after the last blood sample a standard 
lunch was served.  GR was quantified as incremental area-under-the-curve (iAUC) and GI using the mean iAUC 
elicited by G and GL (iAUC after G, 249±16, was similar to GL, 250±17mmol×min/L).  An estimate of 
carbohydrate digestibility was determined from breath hydrogen concentrations measured at hourly intervals 
over 6h.  Data were analysed by repeated-measures ANOVA examining for the main-effects of SAA and rice-
preparation and the SAA×preparationinteraction. 
Results: There was no main effect on GR or GI of SAA (mean±SEM; low-SAA, 240±19mmol×min/L; 72±3%; 
high-SAA, 198±23mmol×min/L; 71±4%) or rice-preparation (hot, 180±13mmol×min/L; 70±3%; cold, 
189±14mmol×min/L; 74±3%), but there were significant SAA×preparation interactions for GR (low-SAA: hot 
vs cold, 162±14 vs 198±23; high-SAA: hot vs cold, 197±21 vs 181±17; p=0.022) and GI (low-SAA: hot vs cold, 
69±4 vs 81±7; high-SAA: hot vs cold, 76±6 vs 70±4; p=0.042); however the SAA×preparation interaction for GI 
did not persist after excluding 3 outliers (p=0.10).  After excluding outliers (n=3 subjects), carbohydrate 
digestibility was greater in low-SAA, 95.6±0.6%, than high-SAA, 93.0±1.1% (P=0.011) but was not affected by 
preparation (hot, 94.4±0.8%; cold, 94.4±0.8%; P=0.97); there was no SAA×preparation interaction (P=0.25). 
Conclusions: These results do not support the hypothesis that high SAA increases GI of rice by increasing the 
rate and extent of starch digestion.  Cooling rice has no effect on its GR, GI or starch digestibility.
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Deletion of neuronal hypothalamic gastric inhibitory polypeptide receptors 
(GIPR) prevents high fat diet-induced obesity and insulin resistance. 
Renate Luzía Barbosa-Yañez1,2,3, Vanessa Scheling1, Dr Anja Voigt1, Dr. Wenke Jonas1, Prof. Dr. Anette 
Schürmann1,2, Dr. André Kleinridders1,2, PD. Dr.  Olga Ramich1, Prof. Dr. Andreas F.H Pfeiffer1,2,3 

1German Institute of Human Nutrition Potsdam-Rehbruecke (DIfE), Potsdam, Germany, 2German Center for Diabetes 
Research (Deutsches Zentrum für Diabetesforschung e.V.), Neuherberg, Germany, 3Department of Endocrinology, Diabetes 
and Nutrition, Campus Benjamin Franklin, Charité University Medicine, Berlin, Germany 

The gut hormone gastric inhibitory polypeptide (GIP) is released in the upper gastrointestinal tract from K 
cells by fats, carbohydrates and proteins and is an essential mediator of metabolic food responses such as 
insulin secretion and fat storage. Total deletion of the GIP Receptor (GIPR) prevents the development of diet-
induced obesity, fatty liver disease and insulin resistance. However, the role of central, and more specific, 
hypothalamic GIPR is still completely unclear.  
In this ongoing study humanized GIPR mice models (hGIPR+/+) were generated and human exons 5-7 were 
flanked by loxP sites. Control (hGIPR+/+), central (hGIPRCNS-/-, CamKIIa) and hypothlamic (hGIPRHYPO-/-, 
Nkx2.1) GIPR knockout (KO) mice were fed with a control diet (CD) (10% fat) or a high-fat diet (HFD) (fat 60%) 
for 14 weeks. Body weight (BW) was measured weekly and body fat and lean mass were determined by NMR 
after three weeks and after 14 weeks on the diet. Furthermore, during the intervention mice were exposed 
to insulin and glucose tolerance tests and indirect calorimetry. 
The results show that hypothalamic GIPR-KO mice are resistant to the weight gain upon HFD while central 
GIPR-KO were similar to controls. Furthermore, GIPR deletion in hypothalamus preserves insulin sensitivity 
independent of dietary fat content while central GIPR-KO developed similar insulin resistance as controls . 
The data suggest a primary role of hypothalamic GIPR in the control of body weight and insulin sensitivity in 
response to HFD. 
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Relation of Food Sources of Fructose Containing Sugars with Obesity 
Outcomes: A Systematic Review and Meta-Analysis of Prospective Cohort 
Studies  
Andreea Zurbau1,2,3, Dr Sonia  Blanco Mejia1,2,3, Dr Tauseef A Khan1,3, Dr Laura  Chiavaroli1,2,3, Ms Andrea 
Glenn1,2,3, Mr Fei Au-Yeung1,2,3, Dr Russell J De Souza2,3,4, Dr Lawrence A Leiter1,2,3,5,6,7, Dr Thomas MS 
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Risk Factor Modification Centre, St. Michael’s Hospital , Toronto, Canada, 3Toronto 3D Knowledge Synthesis and Clinical 
Trials Unit, St. Michael’s Hospital , Toronto, Canada, 4Department of Health Research Methods, Evidence, and Impact, 
Faculty of Health Sciences, McMaster University, Hamilton, Canada, 5Department of Medicine, Faculty of Medicine, 
University of Toronto, Toronto, Canada, 6Li Ka Shing Knowledge Institute, St. Michael’s Hospital, Toronto, Canada, 7Division 
of Endocrinology and Metabolism, St. Michael’s Hospital, Toronto, Canada, 8College of Pharmacy and Nutrition, University 
of Saskatchewan, , Saskatoon, Canada 

Introduction: Sugars have been implicated in the epidemic of obesity, the most prevalent comorbidity in 
people with diabetes. It is unclear whether food sources of fructose-containing sugars other than sugar-
sweetened beverages (SSBs) are associated with increased risk of obesity.  
Objective: To assess the evidence of the relation of food sources of fructose-containing sugars with incident 
overweight or obesity in people within and without diabetes, we undertook a systematic review and meta-
analysis of prospective cohort studies.   
Methods: We searched MEDLINE, EMBASE and Cochrane Library through Oct 2018. We included prospective 
cohort studies of ≥1 year. Two reviewers extracted data and assessed the risk of bias (Newcastle-Ottawa 
Scale). The primary outcome was incident overweight/obesity. Data were pooled using generic-inverse 
variance method with random effects model and expressed as relative risks (RR) with 95% confidence 
intervals (CI). GRADE assessed the certainty of evidence 
Results: We included 20 prospective cohort studies: 9 (n=25,422; 2,614 events) and 6 (n=119,137; 24,123 
events) of incident overweight/obesity and 1 (n=424; 47 events) and 7 (n=29,166; 4,255 events) of incident 
abdominal obesity in children and adults, respectively. Three food sources of fructose-containing sugars were 
identified: SSBs, fruit juice, and yogurt.  SSBs were associated with increased incident overweight/obesity in 
children (RR, 1.22 [95% CI, 1.03 to 1.44] but not in adults and increased incident abdominal obesity in both 
children (3.78 [1.08 to 13.25]) and adults (1.51 [1.11 to 2.06]). Fruit juice was associated with increased 
incident overweight/obesity in children (1.28 [1.07 to 1.53]) but not in adults, and there was no association 
with incident abdominal obesity in either children or adults. Yogurt was associated with decreased incident 
abdominal obesity (0.65 [0.47 to 0.90]) in adults with no data available for any outcome in children. The 
certainty of the evidence was graded as “very low” to “low”. 
Conclusions: Current evidence indicates that the relation between fructose-containing sugars and obesity 
outcomes differs by food sources in people with and without diabetes. Further research of different food 
sources of sugars is needed to improve our certainty in the evidence. (ClinicalTrials.gov, NCT02558920)   
Fundings: American Society for Nutrition, Diabetes Canada 
Keywords: Food, Macronutrients
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Effects of polyphenol-rich blackcurrant and orange extracts and fibre on 
early postprandial glycaemia: two randomised controlled trials in healthy 
men and women. 
Dr Ana Pinto1, Dr Kate Brown2, Dr Christopher Corpe1, Dr Jonathan Farrimond2, Dr. Wendy Hall1 

1King's College London, London, United Kingdom, 2Lucozade Ribena Suntory (UK), Uxbridge, United Kingdom 

Introduction: We previously reported that polyphenol (PP)-rich blackcurrant (BC) extracts reduce plasma 
glucose concentrations following a meal containing available carbohydrate up to 30 min post-ingestion.  
Objectives: To determine efficacy of combinations of blackcurrant (BC; rich in anthocyanins and 
proanthocyanidins), sweet orange extracts (SO; rich in flavanones) and orange pulp (OP; 1.5 g fibre) in 
reducing early postprandial glucose concentrations (0-30 min). Hypotheses: combining BC and SO (the GLU-
FX trial) and BC and OP (the GLU-MIX trial) would result in additive inhibition of early postprandial glycaemia. 
Methods: Two double-blinded cross-over trials where test drinks (200 ml) were administered immediately 
before 75 g carbohydrate (starch/sucrose) in random order, at least 4 days apart. Postprandial blood glucose, 
insulin and glucose-dependent insulinotropic polypeptide were measured (0-120 min). The GLU-FX trial 
tested 5 drinks containing: BC (1600 mg PP); BC (800 mg PP); SO (800 mg PP); BC (800 mg PP) + SO (800 mg 
PP) or 5) placebo. The GLU-MIX trial tested 3 drinks: 1) BC (800 mg PP) + OP, 2) OP, or 3) placebo.  
Results: In the GLU-FX trial (n=29; 37 ±16 y), BC (800 mg PP) reduced glucose concentrations during the early 
postprandial period (iAUC(0-30min) mean difference BC (800 mg PP) vs. placebo (95% CI) -0.22 mmol/L.min 
(-0.44, -0.01)) but there were no differences in Cmax or iAUC(0-120 min). No effect was observed following 
the other drinks. In the GLU-MIX trial (n=37; 37 ±15 y), BC+OP lowered plasma glucose iAUC(0-30min) 
compared to placebo and OP (mean difference BC+OP vs. placebo, -0.16 mmol/L [-0.27, -0.05] and BC+OP vs. 
OP, -0.21 [-0.32, -0.10]). OP and placebo did not differ. 
Conclusions: BC extract, at a dose equivalent to approximately 100 g fresh fruit, can delay the initial glycaemic 
response to starch and sucrose consumption, but neither the addition of flavanones nor citrus pulp enhances 
this effect. The action of extracts/pulp on starch and sucrose digestion when added to beverages, compared 
to the same material naturally present in intact fruit requires further research to inform development of 
functional beverages for glycaemic control. 
 
Funding: British government (Innovate UK) and Lucozade Ribena Suntory (UK). 
Keywords: Phytochemicals, Macronutrients 
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Nut Intake Does Not Increase Weight Gain: A Systematic Review and Meta-
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Introduction: Nuts have been shown to have diabetes and cardiovascular related health benefits, yet there 
remains concern that nuts may contribute to weight gain due to their high energy density.  
Objective: To conduct a systematic review and meta-analysis of nut consumption and adiposity outcomes in 
prospective cohort studies and randomized controlled trials (RCTs) using the GRADE approach.    
Methods: MEDLINE, EMBASE, and the Cochrane library databases were searched (through August 12, 2019). 
We included prospective cohorts of ≥1 year follow-up and RCTs of ≥3-weeks follow-up that assessed nuts 
(tree nuts/peanut) and adiposity. The primary outcomes were overweight/obesity incidence in prospective 
cohort studies, and body weight in RCTs. Three independent reviewers extracted relevant data and assessed 
risk of bias (Newcastle Ottawa Scale for prospective cohorts and Cochrane Risk of Bias tool for RCTs). Data 
were pooled using random or fixed (≤5 comparisons) effects models and expressed as relative risks (RRs) or 
mean differences (MDs) with 95% confidence intervals (CIs). Heterogeneity was assessed (Cochran Q statistic) 
and quantified (I2 statistic). The certainty of the evidence for each outcome was assessed using GRADE. 
Results: Seven prospective cohort studies (6 unique cohorts, n=569,910) and 86 RCTs (114 comparisons, 
n=5,873) met eligibility criteria. Nuts were associated with lower incidence of overweight/obesity (RR 0.93 
[95% CI 0.88 to 0.98] P<0.001) in prospective cohorts.  Similarly, there was no adverse effect of nuts on body 
weight (MD 0.09 kg, [95% CI -0.09 to 0.27 kg] P<0.001) in RCTs. Meta-regression showed higher nut intake 
was associated with reductions in body weight and body fat in continuous linear dose-response analyses. The 
certainty of the evidence was ‘moderate’ for the association of nuts with incident overweight/obesity owing 
to a dose-response upgrade, and ‘high’ for the effect of nuts on body weight owing to a downgrade for 
inconsistency and an upgrade for a dose-response gradient. 
Conclusions: Current evidence demonstrates that nuts are not associated with increased overweight/obesity 
or weight gain. Although the certainty of our estimates is somewhat limited, nuts may be recommended 
without the concern that they contribute to weight gain.  
Protocol registration: ClinicalTrials.gov Identifier, NCT02654535 
Key words: Food, Dietary Patterns
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Serum hydrogen sulfide in association to fat mass and normal glucose 
tolerance in morbidly obese subjects 
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Introduction & Objectives: Experiments in mice and fruit flies demonstrated that hydrogen sulfide contributed 
to fat mass accumulation and modulates glucose tolerance. Here, we aimed to investigate serum H₂S in 
morbidly obese humans according to glucose tolerance. 
 
Methods: Cross-sectionally, serum H₂S levels were analysed using a selective fluorescent probe in non-
diabetic non-obese (n=53) and obese (n=85) participants.  Longitudinally, morbidly obese subjects (n=22), 
who underwent bariatric surgery via Roux-en-Y gastric bypass, were follow-up 1 year after surgery.  
 
Results: Serum H₂S concentration was significantly increased in morbidly obese participants (10.1 ± 4.5 vs 5.5 
± 3.2 µM, p= <0.0001) in positive correlation with obesity measures [BMI (r= 0.25, p=0.001), waist 
circumference (r= 0.37, p= <0.0001) and fat mass (r=0.48, p=<0.0001)] and hsCRP (r=0.45, p=<0.0001), and 
negatively correlated with insulin sensitivity (r=-0.34, p=<0.0001), total- LDL- and HDL-cholesterol. 
Multivariate regression analysis revealed that fat mass (β=0.4, t=2.2, p=0.03) contributed independently to 
serum H₂S concentration variance after controlling for age, gender and BMI.  Supporting these findings, 1 year 
weight loss-induced bariatric surgery resulted in a significant decreased serum H₂S concentration (9.5 ± 4.4 
vs 6.7 ± 4.1 µM, p=0.02). When all participants were classified according to glucose tolerance, we found that 
serum H₂S levels were significantly increased in morbidly obese participants with normal glucose tolerance 
compared to those participants with altered glucose tolerance (10.8 ± 4.1 vs 8 ± 4.8 µM, p= 0.01).  
 
Conclusion: Current data indicated that serum H₂S concentration were associated to obesity and fat mass 
accumulation in humans, and suggested a possible contribution in the glucose tolerance preservation. 
 
Fundings: This work was partially supported by research grants PI16/01173 from the Instituto de Salud Carlos 
III from Spain and VII Spanish Diabetes Association grants to Basic Diabetes Research Projects led by young 
researchers, CIBEROBN Fisiopatología de la Obesidad y Nutrición is an initiative from the Instituto de Salud 
Carlos III and Fondo Europeo de Desarrollo Regional (FEDER) from Spain. 
 
Keywords: Micronutrients, Lifestyle 
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Glycaemic index of diet can modulate the daily glucose and insulin response 
both in acute and the long-term period in non-diabetic people.  
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Introduction: Consumption of low-glycaemic index (GI) foods reduces postprandial plasma glucose in people 
with diabetes, and this can help to lower their cardiovascular disease risk. However, it is not clear whether 
low GI foods, independently of dietary fibre, are able to influence the daily metabolic profile when they are 
consumed in the context of mixed meals by non-diabetic people and if this effect is maintained in the long-
term.  
 
Objectives: To evaluate the differential effects of a 12-weeks high- versus low-GI Mediterranean diet, similar 
for carbohydrates and fibre content, on the daily postprandial  glucose and insulin response in non-diabetic 
individuals at high cardiometabolic risk. 
 
Methods: Fifty-four subjects (32M/22 F), aged 30-69 years, BMI 25-37 kg/m2, with an increased waist 
circumference plus another component of the metabolic syndrome participated in a randomized, controlled, 
parallel group study. Participants were assigned to a Low-GI (< 55) or High-GI (>70) Mediterranean diet for 12 
weeks. Blood samples were taken at baseline and after 12 weeks, at fasting and for 8 hours after a breakfast 
and lunch resembling the food choices of the assigned diet, to evaluate the postprandial glucose and insulin 
response. The carbohydrate content was 40 g for breakfast and 60 g for lunch.  
 
Results: At baseline, the 8-hours postprandial glucose response was lower after the Low as compared to High 
GI meal (p=0.004, time*meal effect, General Linear Model, Repeated Measures Analysis), and the insulin 
response tended to be lower (p = 0.064). After 12 weeks, both the postprandial glucose and insulin responses 
were significantly lower (p<0.005). The effect of the low GI was particularly relevant after lunch. At baseline 
and after 12 weeks, glucose response (iAUC) was 43% and 40%, respectively, lower after the Low as compared 
to High GI lunch; that of insulin was 44% and 32% lower.  
 
Conclusions: The consumption of low GI foods in the context of mixed meals improves the daily profile of 
glucose and insulin responses. This effect is maintained in the long term, suggesting that the low GI improve 
in a sustained way postprandial metabolism in people with a high cardiometabolic risk. 
 
 
Glycaemic Index, Metabolic Response 
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Introduction: Plant cell walls represent a significant physical barrier to digestion, regulating nutrient 
bioaccessibility and absorption in vivo. Pulses, such as chickpeas, are an affordable source of starch, protein 
and fibre, which possess slow-release digestion properties with potential nutritional benefits to consumers, 
notably improved glycaemic control in type 2 diabetes (T2D). Cellular integrity (maintenance of cell wall 
structure) is a key factor responsible for the low glycaemic index (GI) of pulses. Maintenance of cell wall 
structure restricts starch digestion kinetics in the gut. However, commercial production of leguminous flours 
results in significant cell wall damage, reducing potential health benefits. 
 
Objectives: This presents an opportunity to develop processing techniques for the manufacture of pulse-
based ingredients that preserve the low GI of a food. This study investigated the links between cell wall 
structure, hydrothermal processing (cooking), and digestion on post-prandial metabolism of chickpea-based 
foods produced using novel methods, to enhance nutritional properties. 
  
Methods: In vitro studies utilised confocal microscopy to assess cell wall structure, enzyme accessibility, and 
enzyme assays to assess starch digestion kinetics. This allows modelling of the impact of cell wall structures 
during small intestinal digestion. Feeding studies were performed in healthy volunteers to investigate post-
prandial glycaemic, insulinaemic and gastrointestinal hormone responses (GIP, GLP-1 and PYY) following 
consumption of chickpea products consumed as a drink or bread. 
 
Results: Preparation of chickpea cell powder resulted in a flour containing primarily intact cells with reduced 
enzyme permeability and starch digestibility. Feeding studies demonstrated significantly reduced 
postprandial glycaemic responses when consumed as a shake or as bread. Chickpea bread also altered the 
profiles of gastrointestinal hormone secretion. 
 
Conclusions: Improved mechanistic insight of the relationships between food structure and digestion, and 
how these correlate to physiological outcomes could lead to development of a new generation of functional 
ingredients and foods. Such ingredients incorporated into staple foods have potential to lower the glycaemic 
and insulinaemic responses and thus be beneficial for the dietary management of T2D and obesity and 
reducing risk factors associated with these diseases. 
 
Funding: Biotechnology and Biological Sciences Research Council, UK (BB/PO23770/1) 
 
Keywords: Food, Macronutrients, Legumes, Dietary Fibre, Glycaemic Response, Gut Hormones 
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Sex differences in the metabolic response to an intensive three-weeks 
hypocaloric low-carb- vs. low-fat intervention in patients with high-risk 
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Background: Literature and current guidelines indicate, that both low-fat and low-carb diets are effective in 
prevention and therapy of T2DM. A Mediterranean-style low-carb diet – low in meat, rich in plant oils – has 
even been shown to reduce actual cardiovascular risks. Women and men differ in many metabolic aspects, 
but these differences are unrecognized in many trials. Our DiNA-P study (Diabetes Nutrition Algorithms in 
Prediabetes) compares individualized low-carb- and low-fat diets in an intensive initiation phase (three 
weeks) and a moderate maintenance phase (49 weeks) in 267 subjects with high-risk prediabetes. We present 
here data of the initiation phase, split up by sex. 
 
Methods: Our subjects (age 59±10; BMI 32.5±6.2, 38 % male) underwent an initial hypocaloric (1200-1500 
kcal/d) dietary intervention for three weeks. 1:1 randomization allocated them to either ketogenic very-low-
carb diet (< 40 g/d) or low-fat diet (< 30 kcal%). Clinical tests before and after that phase included oGTTs, 
routine lab, anthropometric assessment as well as MRI/MRS for body fat and liver fat quantification. Statistical 
analysis was conducted stratified by sex, assessed interaction effects between diet and sex, and was adjusted 
for differences in weight change. 
 
Results: In women, the low-carb diet shows a significant superiority with respect to fasting glucose, blood 
pressure, triglyceride levels and LDL/HDL ratio. In men, there is no such advantage for the low-carb 
intervention, but even an inferiority vs. low-fat regarding levels of uric acid and 2-hours glucose. Effects on 
fasting glucose are characterized by a significant sex-by-diet interaction. 
 
Discussion: Only women seem to achieve a metabolic surplus improvement from a short-term ketogenic low-
carb diet compared to low-fat standard, despite similar weight loss, while men appear to benefit especially 
from the low-fat approach. These sex differences might result from an actual differential metabolic response 
to the same diet, while considering, that men and women may also differ in the way, how they define their 
low-carb diet (males: more meat? vs. women: more legumes and dairy products?). Inflammatory pathways 
and concomitant alterations of dysglycemia may be involved. Long-term data of the entire intervention period 
will be available next year. 
 
Keywords: low-carb, low-fat
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sugar-sweetened beverages on body weight and cardiometabolic risk: A 
network meta-analysis of randomized controlled trials  
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Objective: Whether NSBs improve cardiometabolic risk factors similar to water in their intended substitution 
for SSBs is unclear. To inform the update of the European Association of the Study of Diabetes (EASD) clinical 
practice guidelines for nutrition therapy, we conducted a systematic review and network meta-analysis to 
assess the effect of 3 prespecified substitutions (NSBs for SSBs, water for SSBs and NSBs for water) on body 
weight and cardiometabolic risk factors in people with and without diabetes.  
Methods: We searched MEDLINE, Embase and the Cochrane Library through March 2019 for randomized 
controlled trials (RCTs) ≥1-week. The primary outcome was body weight. Secondary outcomes were measures 
of adiposity, glycemic control, blood lipids, blood pressure, nonalcoholic fatty liver disease and uric acid. Two 
independent reviewers extracted data and assessed risk of bias. Network meta-analysis was performed with 
data expressed as mean (MD) or standardized mean (SMD) differences with 95% CIs. GRADE assessed 
certainty of evidence. 
Results: We identified 14 RCTs (n=1530) substituting NSBs for SSBs (7 trials, n=483), water for SSBs (2 trials, 
n=285) or NSBs for water (7 trials, n=852) in predominantly overweight/obese people at risk for or with 
diabetes. Substitution of NSBs for SSBs reduced body weight (MD, −1.11-kg [95% CI, −1.90, –0.32]), as well as 
BMI (−0.32-kg/m2 [−0.58, –0.07]), body fat (−0.60% [−1.03, –0.18]), triglycerides (−0.24-mmol/L [−0.45, 
−0.02]), and intrahepatocellular lipid (SMD, −0.44 [−0.69, –0.19]). Substitution of water for SSBs reduced only 
uric acid (−0.05-mmol/L [−0.08, −0.01]). There was no effect of subs tu ng NSBs for water on any outcome 
except HbA1c (0.21% [0.02, 0.40]). The certainty of the evidence was moderate for body weight and ranged 
from low to high for all other outcomes across all substitutions.  
Conclusions: The intended substitution of NSBs for SSBs improves body weight and cardiometabolic risk 
factors, showing similar benefits to water. The available evidence supports the use of NSBs as an alternative 
replacement strategy for SSBs in overweight/obese people at risk for or with diabetes. There is a need for 
more high-quality RCTs.  
Registration: ClinicalTrials.gov identifier, NCT02879500 
Funding: Diabetes and Nutrition Study Group of the EASD, CIHR, Diabetes Canada 
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Introduction: Non-nutritive sweeteners (NNSs) are high-potency substances in sweetness with the advantage 
of not having energy content. These, have been used as an alternative to replace sucrose in sweet food and 
beverages. However, there is an ongoing debate concerning the effects of NNSs on glucose metabolism. 
Objective: To evaluate the effects of NNSs on glycemic response in healthy or with diet-induced glucose 
intolerance (GI) rats. Methods: Healthy or with diet-induced glucose intolerance Wistar rats were used. To 
induce GI, a high-fat diet, combined with 30% sucrose in drinking water, was administered for 8 weeks. Both 
the healthy and with GI rat groups were divided to receive the following treatments for 8 weeks (n = 8): 
sucralose (5 mg/kg/d), aspartame (50 mg/kg/d), stevia (4 mg/kg/d), rebaudioside A (4 mg/kg/d), sucrose 4% 
and glucose 4% (control). All the commercial NNSs were administered at doses equivalent to the human 
acceptable daily intake (ADI, US FDA). NNS concentrations were adjusted based on daily liquid consumption 
and body weight and were supplied as drinking water. The healthy rats were given standard rodent diet, while 
rats with GI consumed a high-fat diet during the experimental period. A test using rapidly digestible starch 
(Amioca, 3 g/kg BW) was used before and after treatments to estimate glycemic response. Results: No 
significant differences were found regarding glycemic response or fasting metabolites in either group. 
Conclusions: The consumption of NNSs for 8 weeks had no deleterious effect on postprandial glucose 
metabolism in healthy or with diet-induced GI rats. 
Keywords: non-nutritive sweeteners, glucose metabolism.
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Introduction: The number of studies demonstrating diet- and exercise-induced remission of diabetes 2 is 
constantly growing. Unfortunately, the number of studies confirming the rarity of full or prolonged diabetes 
remission increases as well.  
Objectives: The aim of the current pilot study was to gain insights about patient-experienced motivation for 
successful diabetes remission.  
Methods: Individual self-reported motivators and diet principles used to maintain medication-free 
subdiagnostic HbA1c (< 48 mmol/mol) for ≥ 12 months were accessed from qualitative semi structured life 
world interviews of eight Danish volunteers previously diagnosed with type 2 diabetes (HbA1c ≥ 48). Self-
reported data from 5 male and 3 female volunteers were included in the pilot study.  
The interviews were conducted by two dietitians and gained information about selected diet principles, 
motivational triggers, motivational experiences, challenges and support from health professionals and 
primary social relations. 
Results: The average reduction in self-reported HbA1c and weight was 32±10 mmol/mol and 21±5 kg, 
respectively and the average duration of subdiagniostic HbA1C was 4±1 years (mean ±SEM). 
All participants reported that their primary motivations for the lifestyle intervention were the sudden 
discovery of the possibility of diabetes remission and the fear of complications.  
The participants reported that increased quality of life, support from family and health professionals and 
simple lifestyle principles were the main reasons for the sustained motivation. 
6:8 participants reported benefitting from diet principles substituting grains and sugar with vegetables 
whereas 2:6 reported benefitting from exchanging foods rich in sugar or fat with vegetables.  
All participants reported that support from family and doctors, nurses or dietitians was critical for their 
personal compliance with the selected diet plans. 
Conclusions: The discovery of the potential of obtaining medication free diabetes remission is critical for the 
patient’s decision to strive for better health. The support from family and health professionals are crucial for 
the long term compliance. 
Keywords: Diabetes remission, diet, personal health promotion 
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Introduction: The relative content of protein, fat and carbohydrates (sugar, starch and fibre) in human 
nutrition has achieved much debate in relation to metabolic health and disease. However, not only the 
relative content of nutrients but indeed the structural organization of nutrients is a major health determinant.  
Objective: The aim of the current study is to review the mechanistic impact of plant-based food structures on 
the direct and indirect mechanisms by which the gut microbiota participates in host immune function, glucose 
homeostasis and metabolic health. 
Methods: Scientific literature in the specialist borderline between nutritional contend, food-induced 
intestinal biology, immunology and metabolic disease were reviewed.  
Results: The composition and function of the gut microbiota vary between individuals and whereas dietary 
habits influence the gut microbiota, the microbiota influences the nutritional and biological homeostasis of 
the host. A healthy gut microbiota requires the presence of beneficial microbiotic species as well as vital food 
structures to ensure appropriate feeding of the microbiota. The intestinal microbiota provides nutrients for 
the host by digesting food structures otherwise indigestible by human enzymes and by releasing nutrients 
captured in a plant cell structure. The microbiota thereby increases nutrient bioavailability from unrefined 
plant-based foods. Simultaneously, the microbiota consumes fibres and delivers nutrients and metabolites 
for the nutritional and biological benefit of the host.  
Microbiota-derived nutrients, metabolites, and antigens promote the development and function of the host 
immune system both directly by activating cells of the adaptive and innate immune system and indirectly by 
sustaining release of monosaccharides, stimulating intestinal receptors and secreting gut hormones. Multiple 
indirect microbiota-dependent biological responses contribute to glucose homeostasis, and it is well 
established that various diseases involving inflammatory and immunological components are accelerated by 
hyperglycaemic events. In addition, endothelial extracellular proteins form epitopes for potential specific 
antibody formation upon interactions with reducing sugars.  
Conclusion: A pharmacokinetic perspective on food structure combines the importance of nutrient content, 
intestinal food biology and health promotion in metabolic disease. 
Keywords: Macronutrients, Food 
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Introduction: The Portfolio Diet is a plant-based dietary pattern low in saturated fat that combines established 
cholesterol-lowering foods (plant protein, nuts, viscous fiber, and plant sterols) plus monounsaturated fat, 
which has been shown to improve low-density lipoprotein cholesterol (LDL-C) and other cardiovascular 
disease (CVD) risk factors. However, the role of the Portfolio diet in diabetes prevention is less clear and has 
not been assessed to date.  
 
Objectives: To assess the association of the Portfolio Diet, with incident type 2 diabetes in women.  
 
Methods: We followed 147,732 postmenopausal women initially free of diabetes in the Women’s Health 
Initiative (WHI) Clinical Trials and Observational Study from 1993 through 2017. Adherence to the Portfolio 
Diet was assessed using an a priori diet index based on six food categories (high in plant protein, nuts, viscous 
fiber, plant sterols, and monounsaturated fat, and low in saturated fat). The Portfolio Diet score was 
cumulatively assessed at baseline and year three using a validated food frequency questionnaire. We used 
Cox proportional-hazard models to estimate hazard ratios (HRs) and 95% confidence intervals (CI) of the 
association of adherence to a Portfolio Diet score with incident type 2 diabetes, adjusting for potential 
confounders.   
 
Results: There were 14,096 cases of incident type 2 diabetes over a mean follow-up of 14.3 years. In the fully 
adjusted models, adherence to the Portfolio Diet score was associated with a lower risk of incident type 2 
diabetes (HR, 0.88, CIs, 0.83, 0.93; P for trend <0.001), comparing the highest to lowest quartiles of adherence.  
 
Conclusions: These findings are the first to show that the Portfolio Diet may be associated with a lower risk 
of type 2 diabetes and warrants further investigation.  
 
Funding Sources: The WHI was funded by the National Heart, Lung, and Blood Institute, National Institutes of 
Health, and the U.S. Department of Health and Human Services. AJG was supported by the Banting & Best 
Diabetes Centre Tamarack Graduate Award in Diabetes Research, the Peterborough K.M. Hunter Charitable 



Foundation Graduate Award, and an Ontario Graduate Scholarship. JLS was funded by a Diabetes Canada 
Clinician Scientist Award. 
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Effect of intermittent fasting strategies on cardiometabolic risk factors: A 
systematic review and network meta-analysis of randomized controlled 
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INTRODUCTION: Intermittent fasting (IF) is the most popular trending diet, yet there is limited evidence-based 
support considering its clinical impact on cardiometabolic outcomes.  
OBJECTIVE: In an effort to inform the European Association for the Study of Diabetes (EASD) clinical practice 
guidelines for nutrition therapy, we conducted a network meta-analysis of randomized controlled trials (RCTs) 
comparing IF strategies and continuous energy restriction (CER) on cardiometabolic outcomes using the 
Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) approach.  
METHODS: MEDLINE, EMBASE, and Cochrane databases were searched through Nov 2020. We included RCTs 
assessing the effect of IF strategies (alternate-day fasting (ADF), whole-day periodic fasting (WDF), time-
restricted feeding (TRF)), CER, and ad libitum diet. Outcomes included body weight, fasting glucose and LDL-
cholesterol.. A network meta-analysis was performed and data were expressed as mean differences (MD) 
with 95% confidence intervals (CI). The certainty of the evidence was assessed using GRADE. 
RESULTS: We identified 19 RCTs (n=590) including adults of varying health backgrounds. ADF and CER both 
showed a benefit for body weight reduction compared to ad libitum diet (18 trials, n=520; MD -3.95 kg [95% 
CI -6.09, -1.81] and MD -2.85 kg [95% CI -4.99, -0.71], respectively). For fasting glucose (17 trials, n=590), TRF 
showed a benefit compared to ad libitum diet (MD -0.39 mmol/L [95% CI -0.59, -0.20]), to CER (MD -0.25 
mmol/L [95% CI, -0.45 to -0.06]) and to WDF (MD -0.19 mmol/L [95% CI, -0.39, -0.01]). Furthermore, ADF 
showed a benefit in reducing LDL-cholesterol (14 trials, n=469) compared to ad libitum diet (MD -0.21mmol/L 
[95% CI -0.40, -0.1]), and to CER (MD -0.15 mmol/L [95% CI -0.31, -0.01]). The certainty of the evidence ranged 
from high to moderate due to variable downgrades for imprecision.  
CONCLUSIONS: Current evidence provides a good indication that IF strategies have similar benefits to CER for 
weight loss but may have additional benefits for fasting glucose and LDL-cholesterol. Long-term high quality 
RCTs are needed to clarify the effect of different IF strategies on cardiometabolic outcomes.  
FUNDING SOURCES: Diabetes and Nutrition Study Group of the EASD, Canadian Institutes of Health Research 
(CIHR), Diabetes Canada
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Relation of Change or Substitution of Low-calorie Sweetened Beverages 
with Cardiometabolic Outcomes: A Systematic Review and Meta-analysis of 
Prospective Cohort Studies using GRADE.  
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Introduction: Adverse associations between low-calorie sweetened beverages (LCSBs) and cardiometabolic 
outcomes in observational studies may relate to reverse causality and residual confounding.  
Objective: To mitigate these sources of bias as a basis to inform the update the EASD clinical practice 
guidelines for nutrition therapy, we conducted a systematic review and meta-analysis of prospective cohort 
studies of the relation of LCSBs with cardiometabolic outcomes using change and substitution analyses. 
Methods: MEDLINE, EMBASE, and the Cochrane Library were searched through October 24, 2020 for 
prospective cohort studies of adults with ≥1-year assessing change or substitution analyses of LCSBs in 
relation to cardiometabolic outcomes. We pre-specified two substitution analyses: LCSBs for SSBs (the 
intended substitution) or LCSBs for water (matched substitution with the standard of care). Two independent 
reviewers extracted data and assessed risk of bias. Outcomes included body weight, BMI, body fat, waist 
circumference (WC) and incident overweight/obesity, type 2 diabetes (T2D), CHD, stroke, CVD mortality, and 
total mortality. The certainty of evidence was assessed by GRADE. 
Results: We included 14 studies (13 unique cohort comparisons, n=444,458). Change analyses showed that 
LCSBs were associated with lower WC (mean difference, -1.35cm/y [95% CI, -2.60, -0.05]) with no adverse 
association with body weight, or incidence of T2D or CHD. Substitution analyses showed that the substitution 
of LCSBs for SSBs was associated with lower body weight (-0.12kg/y [-0.22, -0.02]) and incidence of obesity 
(RR, 0.88 [0.88, 0.89]), CHD (0.89 [0.81, 0.98]), and total mortality (0.96 [0.94, 0.98]) with no adverse 
associations across other outcomes, whereas the substitution of LCSBs for water showed no adverse 
associations with outcomes. The certainty of the evidence was generally low across analyses.  
Conclusions: LCSBs are not associated with cardiometabolic harm in analyses that model the exposure as 
change or key substitutions. The evidence provides some indication that LCSBS in their intended substitution 
for SSBs are even associated with cardiometabolic benefits and are similar to the standard of care, water. 
More studies leveraging these approaches are needed. ClinicalTrials.gov: NCT04245826. 
Funding Sources: Diabetes and Nutrition Study Group of the EASD, Canadian Institutes of Health Research, 
Diabetes Canada 
Keywords: Dietary patterns, Food
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Diabetes-specific formulas high in monounsaturated fatty acids and 
metabolic outcomes in patients with diabetes or hyperglycaemia: A 
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Introduction - Use of enteral nutrition (EN) for patients with diabetes mellitus (DM) or stressed-induced 
hyperglycaemia is commonly observed in different clinical settings. However, currently there is not consensus 
about the optimal composition of diabetes-specific formulas (DSF). 
Objective – The aim of this study was to compare the metabolic benefits of DSF high in monounsaturated 
fatty acids (MUFA) with standard formulas (STDF) in adult patients with type 1, type 2 DM or stress-induced 
hyperglycaemia. 
Research design and methods – A systematic review and meta-analysis were conducted through a literature 
search using different electronic databases from the index date to December 2018. We included randomised 
controlled trials that assessed the health benefits of high MUFA DSF versus STDF. Included outcomes were 
glycaemic control, lipid metabolism and tolerance. Effect sizes were calculated as standardised mean 
differences (SMD) (<0.4 were considered small, 0.4-0.7 moderate and >0.7 large). This systematic review was 
registered as CRD42018108931 on Prospero. 
Results – Of 385 references reviewed, 18 studies involving 845 adults met our inclusion criteria and 
contributed to the meta-analysis. Use of high a MUFA DSF compared with a STDF was associated with a 
statistically significant decrease in peak of postprandial glucose [SMD -1.53, 95% confidence interval (CI) -2.44 
to -0.61], incremental glucose response (SMD -1.19, 95% CI -1.71 to -0.68), area under the curve of plasma 
insulin (SMD -0.65, 95% CI -1.03 to -0.26), mean blood glucose level (SMD -0.41, 95% CI -0.63 to -0.19), 
glycosylated haemoglobin (HbA1c) change (SMD -0.63, 95% CI -1.21 to -0.05), glucose variability (SMD -0.93, 
-1.55 to -0.31), mean administered insulin dose (SMD -0.49, 95% CI -0.85 to -0.14), mean blood triglycerides 
(SMD -0.34, 95% CI -0.65 to -0.03) and increase of mean blood high-density lipoproteins (SMD +0.42, 95% CI 
0.08 to 0.76). Non-significant differences were found for tolerance [odds ratio (OR) 0.95, 95% CI 0.87 to 1.05]. 
Conclusions - This meta-analysis shows that a DSF (oral supplements and tube feeds) high in MUFAs can 
improve glucose control and metabolic risk factors among patients with diabetes or stress-induced 
hyperglycaemia compared with a STDF. 
 
Keywords: Lifestyle, Dietary patterns 
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Introduction: The Portfolio Diet is a therapeutic dietary pattern that combines cholesterol-lowering foods to 
manage dyslipidemia for the prevention of cardiovascular disease. To translate the Portfolio Diet for primary 
care, we developed the PortfolioDiet.app as a patient engagement tool for personal computers and 
smartphones. The PortfolioDiet.app is based on a 25-point Portfolio Diet Score that allows individuals to 
assess their adherence to the Portfolio Diet. The PortfolioDiet.app uses this score to provide the individual 
with personalized feedback through dashboard displays, nudging, and gamification components such as 
leaderboards. Our objective was to assess the validity of the 25-point Portfolio Diet Score. 
 
Methods: We conducted a secondary analysis of a completed multicentre randomized trial (n=108) of the 
Portfolio Diet in participants with hyperlipidemia (ClinicalTrials.gov identifier, NCT00438425). We used data 
from the Toronto site collected at baseline and 6-months. Concurrent validity was assessed by the correlation 
of the Portfolio Diet Score (range, 0 to 25-points) with the overall percent adherence to the targets for the 
Portfolio Diet components using 7-day weighed diet records. Bland-Altman analysis was used to assess the 
limits of agreement between the two methods. Predictive validity was assessed by the correlation of the 25-
point Portfolio Diet Score with a biomarker of adherence, LDL-C (the main target of the Portfolio Diet). Linear 
regression was used to assess the change in LDL-C per 1-point increase in the score. 
 
Results: Data were available from 98 completers. The score was positively correlated with adherence assessed 
by the 7-day weighed diet records (r=0.94, P<0.0001). Bland-Altman analysis showed narrow limits of 
agreement. The score was negatively associated with change in LDL-C (r=-0.43, P<0.0001) with each 1-point 
increase in the score associated with a 1.07% (0.044 mmol/L) decrease in LDL-C (P<0.001). 
 
Conclusions: These results indicate good concurrent and predictive validity of the 25-point Portfolio Diet Score 
in people with hyperlipidemia. This research will contribute to the rationale for using the PortfolioDiet.app to 
mount a large cardiovascular outcome trial in primary care. 
 
Funding: CIHR, Loblaw Companies Limited, Solae, Unilever, Federal Government of Canada through the 
Canada Research Chairs Endowment, Province of Ontario, Diabetes Canada 
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Several lifestyle intervention strategies have been proposed to prevent excess of body weight. Beverages, in 
addition to water, minerals, vitamins, provide macronutrients such us carbohydrates, proteins, and fat, which 
can contribute to increase the total energy intake (5). The general recommendation for beverage 
consumption is to decrease the consumption of sugar drinks and to increase the consumption of drinking 
water. However, the evidence for the beneficial effect of drinking water on body weight is scarce. To analyse 
the associations between drinking water consumption and body weight and waist circumference changes in 
an elderly Mediterranean cohort. A total of 1832 participants from the PREDIMED-Plus study with baseline, 
1-year and 2-year data on drinking water and other beverages assessed by a validated 32-item Spanish fluid-
intake questionnaire and body weight measurements were included in these prospective analyses. 
Multivariable linear regression models were fitted to assess the β-coefficients and 95% confidence interval 
(CI) for body weight (BW) and waist circumference (WC) changes in terms of categories of baseline drinking 
water consumption (tap water and bottled water). The theoretical effect on BW and WC of replacing several 
beverages with drinking water was assessed using mathematical models. The baseline frequency of drinking 
water consumption was inversely associated with 1-year and 2-year changes in BW.  β-coefficients (95%CI) 
across categories of water consumption (< 2.5, 2.5 to <5, 5 to < 7, ≥ 7.5 servings/d) expressed in % of weight 
changes at 2 years of follow-up were 0.0, -0.80 (-1.48, -0.12), -1.36 (-2.18, -0.54), and -1.97 (-3.09, -0.86), 
respectively. Similar results were observed in WC (expressed as % of change) after 2 years of follow-up: -1.11 
(-1.96, -0.25) and -1.45 (-2.66, -0.24). The theoretical replacement of soups, beers, spirits, hot beverages, 
dairy beverages, and other beverages group with drinking water was associated with greater reductions in 
BW at one- and two- years of follow-up. Drinking water consumption was inversely associated with 2-year 
adiposity changes in an elderly Mediterranean cohort at high cardiovascular risk. Our results also suggest that 
the consumption of drinking water instead of energy-containing beverages is associated with lower weight 
gain. 
Water, Obesity
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Abstract 
Introduction 
Widely differing views are evident amongst narrative and systematic reviews on the relationship of low-
energy sweetener (LES) with body weight (BW). These different views presumably arise from the selection 
and emphasis assigned to different types of primary evidence, and from potential citation bias in the reviews. 
Objectives 
To quantitatively and qualitatively analyze the patterns of citations in reviews on the relationship of LES with 
BW-related outcomes.  
Methods  
A systematic search identified reviews published from January 2010 to March 2020. Different characteristics 
(e.g. type of review or research, journal impact factor, conclusions) were extracted from reviews and cited 
articles. Logistic regression was used to quantitatively estimate likelihood of articles with particular 
characteristics being cited in reviews (reported as odds ratios (OR) with 95 % confidence interval (CI)). A 
qualitative network analysis linked reviews sub-grouped by conclusions with the types of articles they cited. 
Results 
From 33 reviews identified, 183 different articles were cited (including other reviews). Narrative reviews were 
62% less likely to be cited than systematic reviews with meta-analysis (OR 0.38; 0.16-0.86; p=0.03). Likelihood 
of being cited increased about 2-fold for evidence on children vs adults (OR 2.27; 1.59 to 3.25; p <0.0001), 
and also increased with journal impact factor (OR 1.15; 1.00 to 1.31; p=0.04). No other factors were 
statistically significant in the main analysis. Subgroup analyses showed no significant association between the 
conclusions of reviews (beneficial, neutral or adverse relationsip of LES with BW) and conclusions of the 
articles cited. However, network analysis showed that individual reviews concluding a beneficial relationship 
of LES with BW cited mainly randomized controlled trials, whereas reviews concluding an adverse relationship 
cited mainly observational studies. 
Conclusions 
Overall reference to the available evidence across reviews appears largely arbitrary, making citation bias 
likely. Differences in the conclusions of individual reviews map onto different types of evidence cited. 
Inconsistent and selective use of the available evidence may account for the diversity of conclusions in reviews 
on LES and BW. 
Fundings 
No funding was received in relation to this study. 
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Introduction: Bisphenol A (BPA) is a widespread endocrine disruptor (ED) chemical. Bisphenols can be found 
in food and beverage processing, as well as, in many other commercial products such as epoxy resin cans 
(canned food and beverage), dental sealants, and personal care products, among others. They can easily be 
absorbed by the human body through dietary and dermal routes. In addition, BPA is considered as an 
obesogen, it can alter the system of hormonal equilibrium by mediating lipid homeostasis and promoting 
adipogenesis in an organism or its progeny. The prenatal or early exposure to BPA is related with two potential 
diseases, obesity and diabetes in childhood as well as reproductive, behavioural and neurodevelopment 
problems. This compound can affect the expression of different adipogenic marker proteins related with 
adipogenesis such as the peroxisome proliferator-activated receptor gamma (PPARγ), CCAAT/enhancer 
binding protein (C/EBPα) and the fatty acid-binding protein 4 adipokine (FABP4). The EU in 2011 banned BPA 
use in plastic materials that can contact with food intended for children (0–3 years). However, the principal 
analogues of it, Bisphenol S and F (BPS, BPF) are still being used. The Objective: is to compare the obesogenic 
activity of BPA and its analogues by in vitro assays with preadipocytic 3T3-L1 cell line. Methods:  MTT assay 
was performed in order to select the concentrations of each chemical. Consequently, it was evaluated the 
adipogenic differentiation capacity of these chemicals by OIL RED O cell staining and the protein expression 
by western blot. Results: it was detected a greater toxic effect of BPA at lower concentrations compared with 
analogues. However, BPS followed by BPF showed a greater obesogenic capacity than BPA, which was 
reflected in an increase protein expression in C/EBPα and PPARγ compared with control. This same pattern 
could be observed in the stain with OIL RED O. Conclusion: these analogues could present even greater 
endocrine activity than BPA.  
Keywords: Bisphenol; adipogenesis 
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Introduction 
In the last decades, it has been suggested that few eating behaviors, as eating speed/rate and eating 
frequency might be associated to diet quality, adiposity, and metabolic syndrome. However, evidence is quite 
controversial because a lack of universal definitions for these behaviors. 
 
Objective 
To gather the existed evidence regarding to the associations between eating speed/rate or eating frequency 
and adiposity, metabolic syndrome, or diet quality. 
 
Methods 
For this review, a wide literature search, published in adults and children until September 2020, was 
performed in PubMed and Web of Sciences. Eating speed/rate and eating frequency were assessed mainly 
through self-reporting. Timers, videotapes, and direct observation were occasionally used to evaluate eating 
speed or eating rate. Eating frequency was mainly evaluated through self-reported questionnaires and few 
studies evaluated meals and snacks according to energy percentage contribution or based on the hour of the 
eating occasion. Assess methods for adiposity and metabolic syndrome were recorded according to ethnicity 
and age group and different indexes to evaluate diet quality were collected. 
 
Results 
A total of 52 articles conducted in adults and children were included in this review. Interventional studies 
reported that a deceleration in eating speed/rate is associated to lower BMI and BMI z-score but also that 
higher eating frequency is associated negatively to adiposity and metabolic syndrome components. In overall, 
the evidence suggests that faster eating speed/rate is associated with an increased risk of adiposity and 
metabolic syndrome. In contrast, a greater eating frequency is mainly associated to diet quality and lower risk 
of adiposity and metabolic syndrome.  
 
Conclusions 
Existing evidence is scarce and therefore, further long-term and interventional studies are warranted to clarify 
these associations and the mechanisms by which they impact adiposity and cardiometabolic health. 
 
Funding 
This article was funding by the “Consejo Nacional de Ciencia y Tecnología” (grant number 769789) and the 
Spanish Ministry of Education, Culture and Sports (FPU 17/01925).  
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Introduction: The scientific evidence has been able to inform the relationship between eating habits and 
noncommunicable diseases (NCDs). One of the NCDs with high morbidity/mortality rates is cancer. Binomial 
diet/cancer makes clear the need to continue researching within the field of food, to find out nutritional 
compounds that can prevent or reduce the advance of the development of this disease. Worldwide the 
Mediterranean diet is known for its nutritional and healthy properties. Therefore exist the need to investigate 
hydroxytyrosol (HT), a phenolic compound present in olive oil, a product widely used in the Mediterranean 
diet. HT has evidence that relates the contribution of benefits on cardiovascular diseases, but little is known 
about anticancer capacity. 
 
Objectives: To know if the phenolic compound called hydroxytyrosol naturally present in the olive, virgin olive 
oil and extra virgin olive oil, has capacity anticancer. 
                    
Methods: Based on bibliographical review  which intended to answer the following research question: Does 
supplementation with hydroxytyrosol (3,4-dihydroxyphenylethanol) in humans reduce the risk of suffering 
from cancer (anticancer agent) in comparison with humans who do not consume said phenolic compound?  
 
Results:  One hundred seventy seven articles  were identified, althought  only eleven were included. They 
showed the anticancer capacity  in-vitro of HT on colon, breast, pancreas, prostate and thyroid cancer, with 
minimum doses of 75 micrograms up to 600.  
 
Conclusions:  The in-vitro studies recognize the protective role of HT against different types of cancer and its 
possibility of reducing the evolutionary process of said disease. Despite this, it is also concluded that all the 
sources founded are based on in-vitro studies but there are not exist scientific evidence in-vivo studies. 
 
Keywords: hydroxytyrosol, cancer. 
 



 

51 

THE BENEFICIAL ROLE OF MORNING FASTING COMPARED TO TWO 
DIFFERENT ISOCALORIC REGULAR BREAKFAST MEALS 
Dr Dimitris Tsilingiris1, Dr. Charilaos Dimosthenopoulos2, Mr Anastasios Tentolouris1, Dr Ioanna Eleftheriadou1, 
Dr Ioanna Anastasiou1, Dr Ourania Kosta1, Prof Alexandros Kokkinos1, Prof Nikolaos Katsilambros1,3, Prof 
Nikolaos Tentolouris1 

11st Department of Propaedeutic Internal Medicine, Laiko General Hospital, Athens University Medical School, Athens, 
Greece, 2Department of Clinical Nutrition, Laiko University Hospital, Athens, Greece, 3Research Laboratory “Christeas Hall”, 
Medical School, National Kapodistrian University of Athens, Athens, Greece 

Introduction: It has been hypothesized that prolongation of the nocturnal low insulin state through a morning 
fasting results in a greater mobilization of adipose tissue stores. 
Objectives: The aim of this study was to compare the metabolic effects of morning fasting to two different 
nutritional approaches of breakfast meals.  
Methods: In this cross-over study, 10 lean healthy volunteers (7 females and 3 males, aged 28.6±4.3 years, 
mean BMI 22.9±1.4 kg/m2 ) underwent three 6-hour morning sessions after an overnight fast as follows: (a) 
fasting, (b) 500 kcal zero carbohydrate breakfast, and (c) 500 kcal Mediterranean-type breakfast. Insulin 
resistance (HOMA-IR) was measured at baseline. Plasma glucose, insulin measurements and visual analog 
scales (VAS) for hunger were obtained every 30 minutes. As index of adipose tissue mobilization, plasma beta 
hydroxybutyric acid (bHB) concentrations were used. The trapezoidal rule was used to calculate the area 
under the curves (AUCs).  
Results: The unadjusted AUC [bHB] was not significantly different among the three sessions (p=0.089). Linear 
mixed model analysis demonstrated a significant positive effect of fasting duration (p=0.040) and negative 
effect of HOMA-IR effect (p=0.059) on the AUC [bHB]. The AUC [bHB], after adjustment for fasting duration 
and HOMA-IR, was significantly higher after session (a) vs (b) (p=0.008) and (a) vs (c) (p=0.002), but it did not 
differ (p>0.05) between sessions (b) vs (c) (6.17±0.55 vs. 4.16±0.55 vs. 3.65±0.60 mmol/h/L, for sessions a, b 
and c respectively). The AUC [insulin] was significantly lower for session (a) vs (c) (p=0.001) and there was a 
trend to be lower in session (a) vs (b) (p=0.067) as well as between session (b) vs (c) (p=0.081), while the AUC 
[glucose] was similar among the three sessions (p=0.907). The AUC [VAS-hunger] was significantly higher in 
session (a) compared with either (b) or (c) (p<0.01) and similar between (b) and (c). 
Conclusions: Intermittent fasting in the morning, in young healthy lean individuals, resulted in a greater 
mobilization of adipose stores, lower insulin levels but higher hunger, compared with either a zero 
carbohydrate or a Mediterranean-type breakfast intake. 
Funding: There was no funding 
Keywords: Intermittent fasting 
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Introduction 
Fibroblast growth factor 21 (FGF21) is a hormone that regulates metabolic homeostasis. Recent studies 
suggest circulating FGF21 may be a marker of metabolic health status.  
 
Objectives 
To investigate the effects of two energy-restricted (ER) diets on fasting and postprandial plasma FGF21 levels 
in abdominally obese individuals, as well as to explore associations of plasma FGF21 with metabolic health 
markers, (macro)nutrient intake and sweet preference. 
 
Methods 
We performed a secondary analysis of a 12-week randomized controlled trial. Abdominally obese subjects 
aged 40-70 years (n=110) were randomized to one of two 25% ER diets or a control group. Before and after 
the 12-week intervention, markers of metabolic health were assessed. Plasma FGF21, glucose, insulin and 
lipids were measured in the fasting state, as well as after a high-fat mixed meal (HFMM). Intrahepatic lipid 
content (IHLC) and abdominal fat distribution were determined by proton magnetic resonance spectroscopy 
and magnetic resonance imaging, respectively. Habitual dietary intake at baseline was assessed by a food 
frequency questionnaire. 
 
Results 
Both ER diets resulted in weight loss and accompanying improvements in metabolic health markers, but did 
not affect fasting or postprandial plasma FGF21 levels. At baseline, fasting plasma FGF21 was not associated 
with markers of metabolic health including intrahepatic lipid content and abdominal fat distribution, 
(macro)nutrient intake or sweet preference. The postprandial FGF21 response after a high-fat mixed-meal 
was positively correlated with fasting plasma glucose and insulin, HOMA-IR, VAT, and the liver enzyme ASAT. 
Diet-induced improvements in metabolic health markers were not correlated to changes in plasma FGF21 
levels.  
 
Conclusions 
In this study, we found no clear evidence that circulating FGF21 is a marker for metabolic health status. 
Circulating FGF21 dynamics in response to a metabolic or nutritional challenge may reflect metabolic health 
status better than fasting levels. 
 
Funding 
This study was funded by the Division of Human Nutrition and Health, Wageningen University & Research. 
The Alpro Foundation provided funding for the plasma FGF21 measurements. 
 
Keywords: FGF21, overweight/obesity, caloric restriction, energy restriction, weight loss, macronutrients, 
dietary intervention, dietary patterns, liver fat, metabolic health
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Introduction: Lifestyle habits are the most common recommendations for the clinical management of 
Metabolic Syndrome (MS), in which renal failure is a key early event for developing renal and cardiovascular 
disorders of Type 2 Diabetes. In experimental MS induced by sucrose-rich diet (SRD) in rats, dietary Salvia 
hispanica L. seed (chia) –rich in 18:3 n-3 α-linolenic acid– ameliorates dyslipidemia and insulin resistance. 
Nevertheless, it is unknown the effects of n-3 fatty acids (FA) upon MS renal failure.  
Objectives: This study aimed to assess the effects of dietary chia upon renal failure induced by SRD in rats.  
Methods: A group of male Wistar rats was fed an SRD (%energy: 60 sucrose, 23 corn oil, 17 casein) for 6 
months. Another group received SRD in which corn oil was replaced by chia seed during the last 3 months 
(SRD+chia). A reference group consumed a control diet. In all groups were analyzed: i)Creatinine excretion, 
albumin, and glucose urine levels. In renal tissue: ii)Triglyceride content and acetyl-CoA carboxylase (ACC), 
fatty acid synthase (FAS), and glucose-6-phosphate dehydrogenase (G6PD) activities. iii)Glycogen content and 
glucose-6-phosphate phosphatase (G6Pase), fructose-bisphosphatase (FBPase), and phosphoenolpyruvate 
carboxykinase (PEPCK) activities. iv)ROS, glutathione and TBARS levels, glutathione reductase, and 
glutathione peroxidase activities. Statistical analyses were made by ANOVA. P values lower than 0.05 were 
considered statistically significant.  
Results: SRD group displays renal dysfunction, impairment of lipidic/glycosidic metabolism, and oxidative 
stress. Dietary chia in the SRD induced: i)Improvement of glucosuria and albuminuria without changes in 
creatinine excretion. In renal tissue: ii)Normalization of triglyceride content and a reduction of ACC, FAS, and 
G6PD activities. iii)Normalization of FBPase and PEPCK activities without changes in glycogen and G6Pase. 
iv)Reversion of ROS, TBARs, and GSH levels by boosting GPx and GR activities.  
Conclusions: In experimental MS, dietary chia restored lipidic/glycosidic metabolism and oxidative status in 
the renal cortex together with an improvement of renal damage. This indicates that n-3 FA could play a 
beneficial role in the nutritional management of renal disorders of MS.  
Funding: This work was supported by CONICET, Argentina [Grant PIP#11220150100023CO] and Universidad 
Nacional del Litoral, Argentina [CAI+D#50420150100011LI]. 
Keywords: n-3 fatty acids, Sucrose-rich diet, Renal failure 
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Introduction: The metabolic syndrome is characterized by a combination of metabolic risk factors. The 
hyperglycemia and insulin resistance are associated with an increased thrombotic risk through changes in 
coagulation and fibrinolytic factors. Liver function is critical for the blood coagulation cascade, and the 
coagulation factors play important roles in the progression of hepatic fibrosis. Salvia hispanica L. (chia) seed 
is one of the richest botanical sources of α-linolenic acid and has generated great research interest in recent 
year. 
Objective: To study the effects of the chronic administration of a sucrose-rich diet (SRD) on blood coagulation 
and liver fibrosis and evaluate the effects of chia seed as therapeutic strategy. 
Methods: Male Wistar rats were fed with SRD for 3 months. Half of the animals continued with the SRD until 
month 6, the other half was fed with SRD in which the fat source, corn oil, was replaced by chia seed from 
month 3 to 6 (SRD+chia). Another group consumed a reference diet all the time. Animals were sacrificed and 
blood and liver samples were collected.  Number of red blood cells and white blood cells, hemoglobin 
concentration, hematocrit and platelets were determined in hematological counter. Clotting time (CT), 
prothrombin time (PT), activated partial thromboplastin time (APTT), thrombin time (TT), and fibrinogen were 
also determined. Serial sections of liver were stained with hematoxylin-eosine and picrosirius red staining for 
histological studies. Additionally, the degree of fibrosis was estimated by collagen content with the 
hydroxyproline determination.  
Results: The study showed that chia seed: a- increases platelet levels and the CT, PT, APTT and TT (P<0.05) 
which are significantly lower in SRD-fed animals, b- reduces plasma fibrinogen levels (P<0.05), reaching 
reference values. C- reduces fibrosis and collagen deposition around the portal areas and in the space of Disse 
of liver tissue present in SRD-fed rats. 
Conclusion: Our findings suggest that chia seed has beneficial effects on the blood coagulation and liver 
fibrosis present in SRD-fed animals.  
Keywords: “metabolic syndrome”, “sucrose-rich diet”, “chia seed”, “blood coagulation”, “fibrosis” 
Funding: The present study was carried out with the financial support of PICT Grant PICT# 2018 -01344)  
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Introduction: Although fructose as a source of excess calories increases uric acid, the effect of the food matrix 
is unclear.  
 
Objective: To assess the effect of fructose-containing sugars by food source at different levels of energy 
control on uric acid, we conducted a systematic review and meta-analysis of controlled trials (NCT02716870).  
 
Methods: MEDLINE, Embase, and Cochrane Library were searched (through January 27, 2020) for trials ≥7-
days. We prespecified 4 trial designs by energy control: substitution (energy matched replacement of sugars 
in diets); addition (excess energy from sugars added to diets); subtraction (energy from sugars subtracted 
from diets); ad libitum (energy from sugars freely replaced in diets). Independent reviewers (≥2) extracted 
data and assessed risk of bias. GRADE assessed the certainty of evidence.  
 
Results: eligibility was met by 47 trials (85 comparisons, N=2,763) assessing the effect of  9 food sources 
(sugar-sweetened beverages [SSBs], sweetened dairy, fruit drink, 100% fruit juice, fruit, dried fruit, sweets 
and desserts, added nutritive sweetener, mixed sources) across 4 energy control levels in predominantly 
healthy mixed weight adults. Total fructose-containing sugars increased uric acid in substitution trials (mean 
difference, 0.16mg/dL; 95% confidence interval, 0.06 to 0.27; P=0.003) with no effect across the other energy 
control levels. There was evidence of an interaction by food source: SSBs and sweets and desserts increased 
uric acid in substitution, while SSBs increased, and 100% fruit juice decreased uric acid in addition trials. The 
certainty of evidence was high for the increasing effect of SSBs in substitution and addition trials and the 
decreasing effect of 100% fruit juice in addition trials and moderate to very low for all other comparisons.  
 
Conclusion: Food source more than energy control appears to mediate the effect of fructose-containing 
sugars on uric acid. The available evidence provides a reliable indication that SSBs increase, and 100% fruit 
juice decreases uric acid. More high-quality trials of different food sources are needed. 
 
Keywords: food sources of fructose-containing sugars, uric acid
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Introduction: Obesity is considered one of the strongest and most common risk factors for diabetes and is 
present to the majority of the T2DM cases. 
Objective: This retrospective study examined the significance of dietetic consultation and the adherence to 
the Mediterranean diet in weight loss and glycemic control in people with T2DM. 
Methods: A total of 146 T2DM patients (88 male, 58 female) with mean age 62±7.9 years were observed 
retrospectively for 10 years (2009-2019). The initial body mass index (BMI) was 30.75±5.6 kg/m2, the body 
weight was 86.09±18.14 kg and the initial glycated hemoglobin (HbA1c) was 7.52±1.58%.The median duration 
of diabetes was 14.56 years. In a subgroup of 94 patients, the MedDietScore was calculated after an interview 
and we recorded if the patients had consulted a dietitian while being treated for diabetes. The data were 
processed in SPSS statistics. The variables were tested for normality with Kolmogorov-Smirnov test and the 
main test performed was ANOVA for repeated measures. 
Results: The mean MedDietScore was 36 and 66% of the subjects had consulted a dietitian. In the 5-year-
follow-up period we observed a statistically significant weight loss (p=0.01), as well as in the 6 and 8-year-
follow-up (p=0.045, p=0.048) which diminished in the following years. The weight loss which occurred from 
the first to the last visit of the 146 subjects was -3.02±8.71 kg (p<0.001). No difference was observed between 
the two sexes. The HbA1c was found reduced by 0,96±1,54% in the first 5 years (p<0.001) and the reduction 
was preserved until the 9th year of follow-up. Negative correlation was found between the change of the 
HbA1c with the number of visits to the diabetes clinic (p=0.024). No such correlation was observed between 
the HbA1c and the change of weight or the MedDietScore. 
Conclusions: The study showed that over time there is small weight loss and better glycemic control in T2DM 
patients, independently of weight loss. Despite the dietetic and nutritional education and consultation being 
considered necessary in T2DM treatment, not all patients visit a dietitian although they are advised to.  
 
Keywords: lifestyle, dietary patterns 
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Objective: Sugar-sweetened beverages (SSBs) have been linked to weight gain. It is unclear if other food 
sources of fructose-containing sugars behave similarly. We conducted a systematic review and meta-analysis 
of controlled feeding trials to assess the effect of fructose-containing sugars by food source at different levels 
of energy control on body weight and markers of adiposity. 
Methods: MEDLINE, Embase, and the Cochrane Library were searched through January 2020 for controlled 
feeding trials ≥2 weeks on the effect of fructose-containing sugars. We prespecified 4 trial designs by energy 
control: substitution (energy matched replacement of sugars in diets); addition (excess energy from sugars 
added to diets); subtraction (energy from sugars subtracted from diets); and ad libitum (energy from sugars 
freely replaced in diets). The primary outcome was body weight. Secondary outcomes were body mass index, 
body fat and waist circumference. Independent reviewers extracted data and assessed risk of bias. Certainty 
of evidence was assessed using GRADE. (NCT02558920)  
Results: We identified 119 controlled trials (368 trial comparisons, N=5,263) assessing 10 food sources (SSBs, 
sweetened dairy alternative (soy), 100% fruit juice, fruit drink, fruit, dried fruit, sweetened cereal grains/bars, 
sweets and desserts, added sweeteners and mixed sources). Total fructose-containing sugars increased body 
weight (mean difference, 0.29kg [95% confidence interval, 0.05 to 0.53kg], p=0.017) and body fat in addition 
trials with no effect in other analyses or outcomes.  There was evidence of an interaction by food source: fruit 
reduced and mixed sources increased some outcomes in substitution trials, and 100% fruit juice reduced and 
SSBs and mixed sources increased some outcomes in addition trials. The certainty of evidence was moderate 
for the decreasing effect of fruit and 100% fruit juice and the increasing effect of SSBs and mixed sources and 
high-to-very low for other comparisons.  
Conclusions: Energy control and food source may mediate the effect of fructose-containing sugars on 
adiposity. The evidence provides good indication that fruit and fruit juice decrease and SSBs and mixed 
sources increase markers of adiposity. More high-quality randomized trials of different food sources are 
needed to improve our estimates.  
Funding: ASN, Diabetes Canada, CIHR, Mitacs 
Keywords: sugars, meta-analysis  
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Introduction: Excess calories as fructose increases non-alcoholic fatty liver disease (NAFLD) markers. Whether 
this effect is mediated by the food matrix at different levels of energy is unknown.  
Objectives: We conducted a systematic review and meta-analysis of controlled trials assessing the effect of 
fructose-containing sugars by food source at different energy control levels on NAFLD markers. 
Methods: MEDLINE, Embase, and the Cochrane Library were searched through January 18, 2021 for trials ≥7-
days. Four trial designs were prespecified by energy control: substitution (energy-matched replacement of 
sugars in diets); addition (excess energy from sugars added to diets); subtraction (energy from sugars 
subtracted from diets); ad libitum (energy from sugars freely replaced in diets). The primary outcome was 
intrahepatocellular lipid (IHCL). Secondary outcomes were alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST). Independent reviewers extracted data and assessed risk of bias. GRADE assessed the 
certainty of evidence. 
Results: We included 44 trials (65 trial comparisons, N=1941) assessing eight food sources (sugar-sweetened 
beverages [SSBs]; sweetened dairy alternative [soy]; 100% fruit juice; fruit; dried fruit; sweets and desserts; 
added nutritive sweetener; and mixed sources) across four energy levels in predominantly overweight or 
obese adults. Total fructose-containing sugars increased IHCL in addition trials (standardized mean difference: 
1.69; 95% confidence interval: 1.00 to 2.37; pSMD<0.001), with no effect in other comparisons. There was 
evidence of an interaction by food source: SSBs increasing IHCL and ALT, and mixed sources increasing AST in 
addition trials. The certainty of evidence was high for SSBs on IHCL and ALT, and moderate for mixed sources 
in AST addition trials, and high to very low for all other comparisons. 
Conclusions: Energy control and food source appear to mediate the effect of fructose-containing sugars on 
NAFLD markers. The evidence provides a reliable indication that SSBs providing excess energy increase NAFLD 
markers, while the evidence is less certain that mixed sources share the same effect and other food sources 
do not. More high-quality trials of different food sources are needed. 
Primary funding: Diabetes Canada (CS-5-15-4771-JS). 
Keywords: alanine aminotransferase; aspartate aminotransferase; fructose; intrahepatocellular lipid; non-
alcoholic fatty liver disease; sugars; sugar-sweetened beverages; systematic review; meta-analysis
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Introduction: Cardiac autonomic neuropathy (CAN) in type 2 diabetes mellitus (T2DM) is one of the 
independent risk factors for cardiovascular mortality. 
Objectives: We evaluated the effect of omega-3 polyunsaturated fatty acids (omega-3 PUFAs) on the heart 
rate variability (HRV) and arterial stiffness indices in T2DM patients with confirmed CAN. 
Methods: Thirty-six patients with T2DM and confirmed CAN were involved. The study was carried out on two 
separate arms: traditional hypoglycemic therapy (n=15, control) and one capsule/day omega-3 PUFAs (n=21). 
The duration of the study was three mos. We performed Holter-ЕCG [(ЕCG “ЕС-3Н” (“Labtech,” Hungary)] 
analysis included measurement of 24-h ECG and HRV parameters. Artery stiffness parameters [aorta 
augmentation index (AIxao), brachial augmentation index (AIxbr) and pulse wave velocity (PWV)] were 
assessed using the device TensioMedTM Arteriograph. Statistics: ANOVA (MicroCal Origin v. 8.0). 
Results: Prescription of omega-3 PUFAs promotes increase in the time-domain HRV parameters; increase in 
low-frequency component (LF) [Δ =+30.2 ± 6.42% (P < 0.01)], the high-frequency (HF) [Δ = +18.1% ± 6.02% (P 
< 0.05)]; LF/HF ratio [Δ =+14.42% ± 7.16% (P < 0.05)] during the active period of day. Prescription of omega-3 
PUFAs promotes increase in LF [Δ = +30.8% ± 4.95% (P < 0.01)], HF [Δ = +18.9% ± 4.72% (P < 0.05)], LF/HF ratio 
[Δ = +10.5% ± 2.1% (P < 0.05)] and does not affect the very low-frequency component of HRV parameters 
during the passive period (compared to the control). Omega-3 PUFAs was contributed to the decrease of the 
PWV by -11.6% ± 2.09% (P < 0.05) and AIxao by -16.2% ± 3.12% (P < 0.01) during the active period; PWV by - 
18.9% ± 3.9% (P < 0.01), AIxao by -11.2% ± 4.2% (P < 0.05) and AIxbr by -98.0% ± 18.1% (P < 0.05) during the 
passive period. 
Conclusions: In patients with T2DM and confirmed СAN treatment with omega-3 PUFAs improved HRV and 
arterial stiffness parameters. The efficacy of omega-3 PUFAs is not associated with improved glycaemic 
control, but is rather the result of a direct effect on the investigated indexes. 
Fundings: None 
Keywords: omega-3 polyunsaturated fatty acids, diabetic cardiac autonomic neuropathy 
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Background/Objectives: Low-glycemic index (GI) and load (GL) dietary patterns are recommended for 
diabetes management by clinical practice guidelines globally. To inform the update of the European 
Association for the Study of Diabetes (EASD) clinical practice guidelines for nutrition therapy, we conducted 
a systematic review and meta-analysis on the effect of low-GI/GL dietary patterns on glycemic control and 
other established cardiometabolic risk factors in type 1 and 2 diabetes. 
Methods: MEDLINE, EMBASE, and the Cochrane Library were searched through November 2020. We included 
randomized controlled trials ≥3-weeks investigating the effect of low-GI/GL diets in diabetes. The primary 
outcome was HbA1c. Two independent reviewers extracted data and assessed risk of bias. GRADE (grading of 
recommendations assessment, development, and evaluation) assessed the certainty of the evidence. 
(ClinicalTrials.gov identifier, NCT04045938)   
Results: We identified 30 trial comparisons in 1,672 participants with type 1 and 2 diabetes who were 
predominantly middle-aged, overweight or obese with moderately controlled type 2 diabetes treated by 
antihyperglycemic agents and/or insulin. Low-GI/GL dietary patterns significantly reduced HbA1c compared 
with higher-GI/GL control diets (mean difference -0.32% [95% confidence interval -0.48, -0.16%], P<0.001; 
substantial heterogeneity, I2=74%, P<0.001). There were also significant reductions in several secondary 
outcomes: fasting glucose, LDL-C, non-HDL-C, body weight, BMI, and CRP (P<0.05), but not insulin or blood 
pressure. The certainty of evidence was moderate for the reduction in HbA1c and most secondary outcomes. 
Conclusions: Our synthesis indicates that low-GI/GL dietary patterns likely improve established targets of 
glycemic control, blood lipids, adiposity and inflammation slightly, beyond concurrent therapy with 
antihyperglycemic agents and/or insulin in moderately controlled type 1 and type 2 diabetes. The available 
evidence provides a good indication of the likely benefit in this population. 
Main Funding Sources: Diabetes and Nutrition Study Group of the EASD, CIHR  
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OBJECTIVE 
To examine how dietary glycemic index (GI), glycemic load (GL), and fiber are related to weight and glycemic 
outcomes during 3-year weight-loss maintenance (WLM). 
RESEARCH DESIGN AND METHODS 
This study was a secondary analysis of pooled data from the PREVIEW randomized controlled trial, which was 
designed to test the effects of four diet and physical activity interventions. 1,279 participants with overweight 
or obesity (aged 25–70 years; BMI≥25 kg/m2) and pre-diabetes at baseline were included. Multi-adjusted 
linear mixed models with repeated measurements were used to assess longitudinal and dose-dependent 
associations, by merging the participants into one group and dividing them into GI, GL, and fiber tertiles, 
respectively.  
RESULTS 
In the available-case and complete-case analyses, each 10-unit increment in GI was associated with a greater 
regain of body weight (0.46 kg/year; 95% CI 0.23, 0.68; P<0.001) and increase in HbA1c. Each 20-unit 
increment in GL was associated with a greater regain of weight (0.49 kg/year; 0.24, 0.75; P<0.001) and 
increase in HbA1c. The associations of GI and GL with HbA1c were independent of weight change. Compared 
with those in the lowest tertiles, participants in the highest GI and GL tertiles had significantly higher weight 
regain and increases in HbA1c. Fiber was inversely associated with increases in waist circumference, but the 
association with weight regain and glycemic status did not remain robust in different analyses. 
CONCLUSIONS 
Dietary GI and GL were positively associated with weight regain and deteriorating glycemic status. Stronger 
evidence on the role of fiber is needed. 
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Introduction:  
Evidence on the effects of structured nutrition education is weak in adults with type 1 Diabetes Mellitus (T1D) 
with moderately impaired glycemic control.  
 
Objectives:  
To compare the effects of different types of nutrition education programs on glycemic control, cardiovascular 
risk factors, quality of life, diet quality and food choices in T1D.  
 
Methods:  
A 12 months randomized controlled study conducted at nine diabetes specialist centers with three parallel 
arms: i) a food-based approach (FBA) including foods with low glycemic index or ii) carbohydrate counting 
according to today’s standard practice (CC), or iii) individual sessions according to routine care (RC). The 
primary endpoint was difference in HbA1c between groups at 12 months. 
 
Results:  
159 patients were randomized (FBA: 51; CC: 52; RC: 55). Mean (SD) age 48.6 (12.0) years, 57.9 % females and 
mean (SD) HbA1c level 63.9 (7.9) mmol/mol, 8% (0.7%). After 3 months HbA1c improved in both FBA and CC 
compared to RC. However, there were no significant differences at 12 months in HbA1c; FBA vs. RC (-0.4 
mmol/mol (1.3), 0.04% (0.1%)), CC vs. RC (-0.8 mmol/mol (1.2), 0.1% (0.1%)), FBA vs. CC (0.4 mmol/mol (0.3), 
0.04% (0.01%)). At 12 months intake of legumes, nuts, and vegetables was improved in FBA vs CC and RC. FBA 
also reported higher intake of mono- and polyunsaturated fats compared to RC, and dietary fiber, mono- and 
polyunsaturated fats compared to CC (all p-values <0.05). There were no differences in blood pressure levels, 
lipids, body weight or quality of life. 
 
Conclusions:  
Nutrition education using a food-based approach, carbohydrate counting, or routine care is equivalent in 
terms of HbA1c and cardiovascular risk factors in persons with T1D with moderately impaired glycemic 
control. A food-based approach had benefits regarding food choices compared to carbohydrate counting and 
routine care.  
 
Fundings:  
This study was supported by The Health & Medical Care Committee of the Regional Executive Board, Region 
Västra Götaland, The Swedish Diabetes Foundation, Lantmännen research foundation, NovoNordisk 
Foundation and Swedish State (ALF grant).   
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Introduction: Τhere is an increasing scientific interest in the involvement of vitamin D deficiency in the 
pathophysiology of various diseases, as vitamin’s D receptors can be found in most tissues of human body. As 
a result, low vitamin D levels have been associated with Diabetes Mellitus (DM) complications. 
Objectives: The current protocol evaluated the difference in vitamin D concentrations between patients with 
DM with and without peripheral neuropathy (PN), the most common DM complication, in a Mediterranean 
country. Moreover, the association of vitamin D concentrations and the clinical characteristics of the 
participants was investigated. 
Methods: In this study, 27 patients with DM and PN and 39 patients without PN enrolled. Information about 
medical and dietary history was collected and total 25 (OH) Vitamin D in serum was determined. Levels of 
<10ng/mL were defined as vitamin D deficiency, between 10 – 20ng/mL as inadequacy and >20ng/mL as 
adequacy, according to WHO criteria. 
Results: There was no difference in vitamin D levels between patients with DM with and without PN 
(18.2±6.3ng/mL and 19.0±8.7ng/mL, p=0.675 respectively). However, the prevalence of deficiency and 
inadequacy was higher than adequacy in both groups. In non-PN group, a strong positive correlation was 
found between vitamin D and the duration of sun exposure (p=0.039), as well as a strong negative one 
between vitamin D and LDL-cholesterol levels (p=0.005). Among patients with DM without PN, those who 
exposed to the sun had higher vitamin D serum concentrations than those who did not (p=0.038). Finally, it 
was observed that patients with PN consumed more rarely alcohol than non-PN patients and alcohol 
consumption was not associated with vitamin D deficiency in PN patients. 
Conclusions: DM and its complications are associated with low vitamin D concentrations even in sunny 
Mediterranean countries. However, vitamin’s D various actions are not yet well characterized and more data 
are necessary in order different limits of deficiency, inadequacy and adequacy occur for the manifestation of 
the action in question. 
Fundings: None 
Keywords: vitamin D, diabetic peripheral neuropathy
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Introduction: Increasing dietary protein from plants is often the cornerstone for discussions around enhancing 
the environmental sustainability of dietary patterns.  In Canada, protein quality (PQ) is used to qualify foods 
for a “source of protein” claim.  However, this framework limits the use of protein content claims for plant 
foods, which is contradictory to Canadian Dietary Guidelines.  As plant protein foods are increasingly 
promoted as part of healthy and sustainable dietary patterns, an understanding of the PQ of Canadian diets 
is required to develop strategies and tools to facilitate alignment with dietary guidelines.   
Methods: The 2015 Canadian Community Health Survey was used to investigated the protein content and 
protein quality of the diets consumed by adults (≥ 19 years) when plant protein is increased.  Individuals 
(n=6498) were allocated to quartiles of increasing proportions of protein from plant foods (Q1:0-24.9%; 
Q2:25%-49.9%; Q3:50-74.9%; Q4:75-100%).  The Protein Digestibility Corrected Amino Acid Score (PDCAAS) 
of diets were estimated using indispensable amino acid concentrations of foods and an assumed digestibility 
coefficient of 0.8.  Corrected protein intakes were determined by aggregating foods consumed over 24hrs 
and as the sum of corrected protein consumed at eating events within six, four-hour time intervals.   
Results: Most individuals (51%) consumed 25-49.9% of protein from plant foods.  Cereal-based foods 
represented the majority of plant protein consumed.  PDCAAS of diets remained ≥0.87 for Q1-3, but 
decreased (p<0.0001) to 0.71±0.018 in Q4 vs. Q2 (0.96±0.004). Corrected protein intakes in Q2 (80.66±1.21 
g/day; 1.07±0.03 g protein/kg BW) decreased to 37.13±1.88 g/day (0.54±0.03 g/kg BW) in Q4 (p<0.0001).  
Aggregated daily corrected protein intake strongly correlated (r=0.99; p<0.001) with the sum of corrected 
protein consumed within time intervals.  Intra-time interval analysis revealed that the relative proportions of 
animal and plant proteins changed at eating events over 24hrs; and did not reflect the allocation to quartiles 
based on the daily proportion of plant protein consumption.  
Conclusions: Various tools should be explored and developed to assist Canadians in effectively incorporating 
plant protein foods into dietary patterns. 
Funding: The Helderleigh Foundation, Pulse Canada, Loblaws Companies LTD. 
Keywords: Protein quality, dietary patterns 
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Introduction: NutriAct is a 36-month randomized controlled multi-center trial designed to analyze the effects 
of a food pattern focusing on a high-protein and high-unsaturated fatty acids (UFA) intake on healthy aging.  
Objective: We aimed i) to determine factors associated with a successful modulation of dietary pattern and 
ii) to assess the effect on liver fat after 12 months of intervention in elderly participants. 
Methods: In total, 502 participants (50-80 years) were randomized into either usual care control group (CG) 
including dietary recommendations of the German Nutrition Society (DGE) or an NutriAct intervention group 
(IG), which used supplementation of rapeseed oil and specifically designed foods as well as repetitive advices 
to implement a food pattern focusing on high intake of predominantly plant based proteins (15-25%E), UFAs 
(15-20%E/10-15%E) and fiber (≥30g/day). Food intake was repeatedly assessed by 3-day food records. 
Intrahepatic lipids (IHL) were analyzed by MRS in 346 subjects before and in 258 subjects after 12 months.  
Results: The intervention resulted in higher intake of protein, UFAs and fiber, and lower carbohydrate and 
saturated fatty acid consumption (all p<0.001). A food pattern closer to the NutriAct pattern already at 
baseline promotes a diet closer to the proposed pattern at month 12. However, strongest relative changes of 
dietary behavior were seen in individuals with dietary patterns further away from the proposed pattern at 
baseline. Attendance to nutritional sessions was crucial to change MUFA, fiber and carbohydrate intake. A 
stronger IHL reduction was seen in the IG after 12 months by trend (-33.3% [95%- CI -24.5,-41.1] vs. -21.8% 
[95%-CI -11.0,-31.3], p=0.071). Analysis of IG subjects adherent to NutriAct intervention revealed significantly 
higher IHL reduction compared to CG subjects with lower protein and unsaturated fat intake (-40.7% [95%-CI 
-31.9,-48.4] vs.  –15.7% [95%-CI -1.1,-28.2], p=0.001), which persists after adjustment for weight change, sex 
and age (p=0.014).  
Conclusions: A successfully modification of dietary pattern was achieved by the intervention within 12 
months. Baseline dietary habits and attendance to nutritional sessions predict these changes. As NutriAct 
pattern induced a more pronounced long-term improvement of liver fat, it might constitute a beneficial 
strategy in elderly people. 
FUNDING: BMBF
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Objective: Research into early determinants of adulthood diseases increased since the discovery that early 
life events may be pertinent to later disease etiology. We examined prospective associations of early life 
exposures with risk markers of type 2 diabetes (T2D) in young healthy German adults. 
Design: 348 term-born DONALD Study participants had their fasting blood measured at age 18-24 years to 
assess metabolic indices: fatty liver index (FLI), hepatic steatosis index (HSI), pro-inflammatory score and 
insulin sensitivity (HOMA2-%S). 
Early life exposures (maternal early pregnancy weight, maternal early pregnancy BMI, gestational weight gain, 
maternal age, birth weight and full breastfeeding (>17 weeks)) were examined at offspring recruitment into 
the study.  
Associations between early life factors and risk markers of T2D were analyzed using multivariable linear 
regression models. 
Results: A higher maternal early pregnancy BMI was related to a higher offspring FLI, HSI, pro-inflammatory 
score and a lower HOMA2-%S (all p<0.0001). Likewise, a higher gestational weight gain was associated with 
a higher FLI (p=0.044), HSI (p=0.016), pro-inflammatory score (p=0.032) and lower HOMA2-%S among females 
(p=0.034). Full breastfeeding was related to a lower adult FLI (p=0.037). A casual mediation analysis showed 
that these associations were mediated by offspring adult waist circumference or BMI.  
Conclusion: The study suggests that maternal early pregnancy BMI, gestational weight gain, and full 
breastfeeding are important for offspring risk markers of T2D which seems to be mediated by body 
composition in young adulthood. A higher early pregnancy BMI emerged as a factor which was particularly 
associated with all outcomes.  
Keywords: Early life factors and type 2 diabetes risk markers
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Introduction. Blood glucose control is challenging in individuals with type 1 diabetes (T1D), even in the era of 
advanced technologies. Hybrid artificial pancreas (HAP) systems improve daily blood glucose control and 
reduce hypoglycaemia, but patients may still experience large postprandial glucose excursions. Carbohydrate 
intake is the main determinant of postprandial glucose response, but also protein and fat have shown to have 
a pivotal role. No information is available on the effects of the whole meal food composition on daily and 
postprandial glucose control.  
Objectives. To evaluate the relationship between food group consumption and blood glucose control in 
individuals with T1D on a hybrid artificial pancreas.  
Methods. Food group consumption was assessed by 7-day food records completed by 25 patients with T1D 
on HAP (12 men/13 women, age 40±12 years, HbA1c 6.9±0.2%, M±SD).  Daily and postprandial blood glucose 
control was evaluated by metrics obtained through subcutaneous continuous glucose monitoring (CGM). 
According to the International Consensus by American Diabetes Association, a time-in-target (TIR, 3.9–10.0 
mmol/L) ≥70% was used to indicate a good blood glucose control. Regression analyses were used to highlight 
the main predictors of daily TIR.  
Results. Dietary records accounted for 1264 meals (398 breakfast, 441 lunch, and 425 dinner). At breakfast, 
blood glucose control was significantly better in individuals eating less biscuits, more yogurt and wholegrain. 
At lunch and dinner, individuals consuming more wholegrain showed a better TIR. In addition, at dinner, 
individuals consuming more extra-virgin olive oil (EVOO) and less pizza presented a better glucose control. As 
for daily blood glucose control, individuals with a better TIR consumed more whole grain and EVOO, and less 
pizza, being EVOO the main predictor of increased TIR at regression analyses (β= 0.180, p= 0.001).  
Conclusions. Food composition of the meal course, i.e. less biscuits and pizza, and more yogurt, wholegrain, 
and EVOO, may positively influence postprandial and daily blood glucose control. This information may be 
clinically relevant to improve blood glucose control. 
 
Keywords: Food, Dietary pattern
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Objectives: Overconsumption of fructose-containing sugars may increase blood pressure. Whether this effect 
is mediated by the food matrix is unclear. We conducted a systematic review and meta-analysis of controlled 
feeding trials of the effect of food sources of fructose-containing sugars at different levels of energy control 
on blood pressure (NCT02716870). 
 
Methods: We searched MEDLINE, Embase and the Cochrane Library through January, 2021 for controlled 
trials ≥7-days. We prespecified 4 trial designs by energy control: substitution (energy matched replacement 
of sugars in the diet); addition (excess energy from sugars added to diets); subtraction (energy from sugars 
subtracted from diets); and ad libitum (energy from sugars freely replaced in the diet) trials. Outcomes were 
systolic blood pressure (SBP) and diastolic blood pressure (DBP). Independent reviewers extracted data and 
assessed risk of bias. GRADE assessed the certainty of evidence. 
 
Results: We included 92 trials (143 trial comparisons, N=5,121) assessing 10 food sources (sugar-sweetened 
beverages [SSBs], sweetened dairy, sweetened dairy alternative (soy), 100% fruit juice, fruit, dried fruit, 
sweetened cereal grains/fruit & nut bars, sweets & desserts, added nutritive sweetener, and mixed sources) 
across 4 energy control levels in predominantly healthy mixed weight adults. Total fructose-containing sugars 
decreased SBP (mean difference [MD], -2.61mmHg; 95% confidence interval [CI], -3.92 to -1.29; P<0.001) and 
DBP (MD, -1.22mmHg; 95% CI, -2.11 to -0.34; P=0.007) in addition trials and the removal of these sugars 
decreased SBP (MD, -1.69mmHg; 95% CI, -3.12 to -0.25; P=0.021) in subtraction trials. There was evidence of 
interaction by food source with fruit and fruit juice decreasing and mixed sources increasing SBP and DBP in 
addition trials and the removal of SSBs decreased SBP in subtraction trials. The certainty of evidence was 
generally moderate to low for all food source-outcome relationships. 
 
Conclusions: Food source and energy control appear to mediate the effect of fructose-containing sugars on 
blood pressure. The evidence provides a good indication that fruit and 100% fruit juice decrease while excess 
calories from SSBs and mixed sources increase blood pressure. More high-quality trials of different food 
sources are needed to improve our estimates. 
 
Primary funding: Diabetes Canada 
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Introduction 
Plant-based diets have been associated with a reduced risk of cardiometabolic diseases. The current trend 
towards more conscious and sustainable eating habits increased the prevalence of humans following a 
flexitarian diet, a plant-dominated diet with only occasional meat consumption. However, little is known 
about the cardiometabolic health of flexitarians as compared to vegans or omnivores.   
Objective 
This cross-sectional exploratory study aimed to compare cardiometabolic parameters of flexitarian to vegan 
and omnivorous healthy adults.  
Method 
This study included 94 healthy participants who were either long-term (≥ 1 year) vegans (no animal products, 
n=33), flexitarians (≤ 50 g/day of meat or meat-derived products, n=32) or omnivores (≥ 170 g/day of meat or 
meat-derived products, n=29). Fasting blood samples were taken to measure glucose, insulin, and blood 
lipids. Body composition (via bioimpedance), arterial stiffness (via pulse wave velocity), questionnaires 
regarding food intake (food frequency questionnaire, FFQ), and physical activity (Freiburger questionnaire) 
were assessed. Principal component analysis was used to confirm the dietary patterns. Multivariate 
regression models were used to compare cardiometabolic parameters between dietary patterns. 
 
Results 
Based on FFQ data, vegan and omnivore food intake patterns could be well differentiated, while the flexitarian 
food pattern overlapped with both vegan and omnivore patterns. Flexitarians had a lower BMI (-1,9 mean 
difference, P<0.05) and lower body fat mass (-3,9 % mean difference, P<0.05) as compared to omnivores, but 
did not differ when compared to vegans. After adjustment for BMI, fat mass, and physical activity, 
multivariate regression showed that vegans, but not flexitarians, had lower blood lipid concentrations (i.e., 
cholesterol, LDL-cholesterol, triglycerides, all P<0.05) and better insulin sensitivity index (HOMA-IR, P>0.05) 
as compared to omnivores. Arterial stiffness was significantly (P=0.02) lower in flexitarians (P=0.02) and 
vegans (P=0.04) compared to omnivores after adjustment for covariates.  
Conclusion 
Flexitarians had similar BMI, fat mass, and low arterial stiffness, yet only vegans displayed a significantly better 
cardiometabolic risk profile when compared to omnivores. This suggests that a flexitarian diet may be 
recommended for weight management but further long-term longitudinal studies are warranted to 
investigate its potential to reduce cardiovascular disease risk factors.   
 
Keywords: Dietary Patterns, Food
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Introduction: Eating behaviour (EB) describes how and why people eat and choose their food. There are only 
few EB studies in men and data are missing in aging men. Understanding eating-related behaviour in aging 
men may reveal new aspects to support body weight management and prevention of type 2 diabetes.  
Objective: The aim was to examine psychometric properties of the Three-Factor Eating Questionnaire -R18 
(TFEQ-R18) in ageing Finnish men as it is widely used to examine EB in several populations. The original 
questionnaire includes three factors: cognitive restraint (CR), uncontrolled eating (UE), and emotional eating 
(EE).  
Methods: Our study population consisted of 420 men aged 50-75, who completed the TFEQ-R18 at the 
baseline of the 3-year T2D-GENE lifestyle intervention study. Inclusion criteria were impaired fasting glucose 
with or without impaired glucose tolerance, high or low genetic risk score for type 2 diabetes based on 76 risk 
genes, and body mass index ≥25 kg/m2. We used confirmatory factor analysis to study the psychometrics 
(reliability, validity, and model fit) and factor structure of TFEQ-R18.  
Results: We discovered that the three-factor structure (CR, UE, EE) was similar as in earlier studies. However, 
reliability and validity were compromised due to two items at the CR factor and one item at the UE factor, 
which were therefore omitted.  
We also discovered that UE split into two latent factors (named as ‘craving’ and ‘loss-of-control’). However, 
since latent factors do not perform well on their own, UE is a higher-order (h) factor and therefore, three-
factor structure of the questionnaire was kept intact. The revised version was named as Three-Factor Eating 
Questionnaire Revised to 15-items with higher-order factor (TFEQ-R15h). 
Conclusions: The original 18-item version of TFEQ was not optimal for this population. This is why the TFEQ-
R18 was modified to a 15-item version to better describe EB of Finnish aging men with elevated risk for type 
2 diabetes. 
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Introduction: Diet is a modifiable risk factor of kidney function impairment. However, it remains unclear if a 
specific dietary pattern could prevent kidney function decline.  
Objective: To assess the association between three different a priori dietary patterns – 17-item 
Mediterranean Diet (MedDiet), Trichopoulou-MedDiet and Dietary Approach to Stop Hypertension (DASH) – 
and kidney function decline after 1 year of follow-up in elderly overweight/obese adults with metabolic 
syndrome. The association between the Protein Diet Score and kidney function was also evaluated.  



Methods: We prospectively analyzed 5675 participants from the PREDIMED-Plus study with creatinine-based 
glomerular filtration rate (eGFR) data and completed food frequency questionnaires (FFQ) at baseline and at 
1 year. Associations between four categories of changes (decrease/maintenance and tertiles of changes) of 
each dietary pattern and changes in eGFR (ml/min/1.73m2) or ≥10% eGFR decline (yes/no) were assessed by 
fitting multivariable linear or logistic regression models, respectively.  
Results: Individuals in the highest tertile of changes of 17-item MedDiet Score showed higher upward changes 
in eGFR (β: 1.87; 95% CI: 1.00 to 2.73) and had lower odds of ≥10% eGFR decline (OR: 0.62; 95% CI: 0.47 to 
0.82) compared to those in the decrease/maintenance category. The Trichopoulou-MedDiet and DASH Score 
were not associated with the kidney function outcomes. Regarding the Protein Diet Score, those in the highest 
tertile of changes had greater downward changes in eGFR (β: -0.87; 95% CI: -1.73 to -0.01) and a 32% higher 
odds of eGFR decline (OR: 1.32; 95% CI: 1.00 to 1.75).  
Conclusions: Changes towards a greater adherence in the 17-item MedDiet Score after 1 year of follow-up 
were associated with better kidney function in an overweight/obese elderly population. 
Fundings: We acknowledge PREDIMED Plus staff. This trial was supported by ISCIII through the projects 
(PI13/00462, PI16/00501, PI19/00576), co-funded by ERDF/ESF. Especial Action Project-CIBEROBN grant; 
Recercaixa-grant (2013ACUP00194); SCEN-grant; Project for Young Researchers 2019-CIBEROBN grant 
(OBN20PI01/2020); Cerca Programme/Generalitat de Catalunya, IISPV-grant  (2019/IISPV/03); the European 
Research Council (Advanced Research Grant 2014–2019; 340918); Consejería de Salud de la Junta de 
Andalucía (PI0458/2013, PS0358/2016, PI0137/2018); PROMETEO/2017/017 grant; SEMERGEN grant. 
CIBEROBN is an initiative of ISCIII, Spain. 
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Background & Aims: Inflammation could play a key role in tissue damage and bone metabolism. The modified 
dietary inflammatory score (M-DIS) is a validated tool to estimate the inflammatory potential of the diet. In 
the present study, we evaluate the associations between the M-DIS score and bone mineral density (BMD) in 
a senior Mediterranean population with overweight/obesity and metabolic syndrome. 
Methods: Baseline cross-sectional association between the M-DIS score and bone mineral density was 
assessed in 1134 participants of the multicenter PREDIMED-Plus trial (aged 55-75 years old with overweight 
or obesity and metabolic syndrome). BMD was measured using Dual-energy X-ray Absorptiometry (DXA) scans 
and participants answered a food frequency questionnaire (FFQ) to determine the M-DIS score. BMD was 
categorized as low BMD when T-score was equal or lower than -1 and normal BMD in another case. 
Associations between BMD and M-DIS were evaluated by using linear and logistic regressions adjusted by 
other co-variates as sex, age, BMI, and physical activity. 
Results: After adjusting for potential confounders, participants in the top tertile of the M-DIS had a lower 
BMD at total femur [β (95% CI): -0.02 (-0.03, -0.01)], trochanter areas [β (95% CI): -0.026 (-0.05, -0.01)] and 
lumbar spine area [β (95% CI): -0.03 (-0.07, 0.00)] (but in the last case, measures were less precise and hence 
not statistically significant) compared to those in the lower M-DIS tertile. Multiple logistic regression analyses 
showed that the odds of the total femur and femoral trochanter osteopenia/osteoporosis were higher in 
participants in the top tertile compared to those in the lowest tertile of M-DIS [OR (95% CI): 1.74 (1.14, 2.68), 
P for trend 0.012; OR (95% CI): 2.07 (1.32, 3.28), P for trend 0.002, respectively].  
Conclusion: A high pro-inflammatory diet, measured by the M-DIS score, is associated with lower BMD in a 
senior Mediterranean population with metabolic syndrome. 
 
Acknowledgments: We thank all the participants of the PREDIMED Plus study. 
 
Funding: This trial was supported ISCIII, through the Fondo de Investigación para la Salud (FIS) 
(PI13/004362,PI16/00501,PI19/00576) and FEDER funds (CB06/03). Consortium CIBER, M.P., CIBEROBEN is 
an initiative of ISCIII, Spain
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Introduction: Telomeres are the structure responsible for maintaining the stability of eukaryote 
chromosomes. Nutrition and lifestyle factors are considered mediators in telomere length (TL) maintenance. 
The mechanisms by which a healthy dietary pattern such as the Mediterranean Diet (MedDiet) affect TL 
homeostasis are still unknown. 
 
Objectives: To analyze the effect of an energy-restricted MedDiet with physical activity (PA) promotion and 
specific weight loss (WL) objectives (intervention, IG), versus an unrestricted caloric MedDiet with no advice 
on weight loss intervention (control, CG) on cellular aging determined by TL an DNA damage in a sub-sample 
of 80 subjects from the PREDIMED-Plus Reus center. 
 
Methods: Eighty non-diabetic participants with metabolic syndrome (MetS) were randomly selected from the 
PREDIMED-Plus study. Leukocyte TL was measured at baseline and 1 year of intervention by a robust 
hybridization method and DNA oxidation was analysed in plasma using an ELISA kit. Linear-mixed models - 
raw and after adjusting for potential confounders - were used to examine the associations between either TL 
or DNA oxidation by visit period and/or intervention group. 
 
Results: A total of 69 subjects with available DNA samples were included in the analyses. When evaluating 
changes in TL, a significant β was found for visit towards increasing values through the follow-up (β in the 
unadjusted model was 0.740(95% CI: 0.529 to 0.951) and 0.694(95% CI: 0.469 to 0.919) in the multivariable 
model). However, no significant βs were neither found for intervention group nor for the interaction between 
group and visit. Regarding DNA oxidation, no significant β was found for the group x visit, group, nor visit in 
any analyses. 
 
Conclusions: Our results suggest that MedDiet has an important role in preventing telomere shortening 
beyond PA promotion and/or weight loss at 1 year. Further studies should study these associations with a 
larger sample size and longer follow-up. 
 
Fundings:Official funding agency for biomedical research of the Spanish government 
ISCIII,(FIS)(PI13/00462,PI16/00501,PI19/00576);Especial Action Project and Recercaixa-
grant(2013ACUP00194); European Research Council(2014-2019; 340918); Conserjería-Salud, Junta 
Andalucía(PI0458/2013;PS0358/2016):PROMETEO/2017/017-grant;SEMERGEN-grant/FEDER 
funds(CB06/03); ICREA Academia programme; Consortium CIBER,M.P.,CIBEROBN: initiative of ISCIII;Ramón 
and Cajal programme(RYC-2013-12598) and Juan de la Cierva-Formación(FJCI-2017-32205),from Spanish 
Ministry of Science,Innovation and Universities;URV Predoctoral grant(2020PMF-PIPF-8). 
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Introduction: The prevalence of cardiovascular risk factors such as high fasting blood glucose and glycated 
haemoglobin (HbA1c) have increased in the last decades. Recent studies have related cardiovascular risk 
factors with the intake of ultra-processed foods (UPF), which consumption is increasing worldwide. 
 
Objectives: To evaluate the association between the consumption of UPF and plasma concentration of fasting 
glucose and HbA1c. 
 



Methods: Longitudinal analyses of data from the first year of follow-up of 5373 participants with metabolic 
syndrome (aged 55-75 y) from the PREDIMED-Plus study. Dietary consumption was collected with a validated 
food frequency questionnaire and UPF consumption was evaluated according to NOVA classification. Mixed-
effects linear models were constructed to evaluate the association between fasting glucose levels and HbA1c 
and quartiles of UPF consumption. Multivariable adjusted model included age, sex, intervention group, 
follow-up time, attained education, smoking status, physical activity and sedentary time. 
 
Results: The mean (SD) of total UPF consumption was 159.4 (155.1) grams/day (g/d) at baseline, 104.1 (116.9) 
g/d at 6 months and 100.7 (114.6) g/d after 1 year of follow-up. Compared with the lower quartile, highest 
consumption of UPF was positively associated with fasting blood glucose (β=2.39 mg/dL; IC95%= 1.37, 3.41; 
p-trend= 0.001) and HbA1c (β=0.07 %; IC95%= 0.04, 0.09; p-trend <0.001) in the multivariable analyses.  
 
Conclusions: Higher UPF consumption was associated with concurrent higher fasting blood glucose and 
HbA1c.  
Keywords: Food, Dietary patterns 
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Objectives: Excess calories as fructose may initiate pathways increasing biomarkers of inflammation. Whether 
this effect is mediated by the food matrix at different levels of energy control is unknown. We conducted a 
systematic review and meta-analysis of controlled feeding trials of the effect of food sources of fructose-
containing sugars at different levels of energy control on biomarkers of inflammation (NCT02716870). 
 
Methods: We searched MEDLINE, Embase, and the Cochrane Library through January 15 2020 for controlled 
trials ≥7-days. We prespecified 4 trial designs by energy control: substitution (energy-matched replacement 
of sugar in the diet); addition (excess energy from sugar added to diets); subtraction (energy from sugar 
subtracted from diets); ad libitum (energy from sugar freely replaced in the diet). The primary outcome was 
C-reactive protein (CRP). Secondary outcomes were tumor necrosis factor-alpha (TNF-α) and interleukin 6 (IL-
6). Independent reviewers (≥2) extracted data and assessed the risk of bias. Certainty of evidence was 
assessed by GRADE.  
 
Results: We included 48 trials (109 trial comparisons, N=2,108) assessing 10 food sources (SSBs, sweetened 
dairy, sweetened dairy alternatives (soy), fruit, 100% fruit juice, dried fruit, sweetened cereal grains/bars, 
sweets and desserts, added nutritive sweetener, and mixed sources) across the 4 levels of energy control in 
predominantly healthy mixed weight adults. Total fructose-containing sugars had no effect on any outcome 
at any level of energy control. There was evidence of an interaction by food source; in substitution trials, 
sweetened dairy alternative (soy) decreased CRP, in addition trials, fruit decreased while added nutritive 
sweetener increased TNF-α. The certainty of evidence was low for the effect of sweetened dairy alternative 
(soy) on CRP in substitution trials, and generally moderate for all other comparisons. 
 
Conclusions: Food source more than energy control appears to mediate the effect of fructose-containing 
sugars on inflammation. The evidence provides some indication that sweetened dairy alternatives (soy) and 
fruit decrease and added nutritive sweeteners increase biomarkers of inflammation. More high-quality trials 
of different food sources are needed to improve our estimates.  
 
Primary funding source: Diabetes Canada 
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Consumption of caffeinated beverages and kidney function decline in an 
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Introduction: It remains unclear whether caffeinated beverages could have deleterious renal effects in elderly 
population with underlying comorbid conditions.  



Objective: We investigated the associations between coffee, tea, and caffeine intake and 1-year changes in 
glomerular filtration rate (eGFR) in a large Spanish cohort of overweight/obese elderly with metabolic 
syndrome (MetS).  
Methods: This prospective analysis included 5851 overweight/obese adults (55-75 years) with MetS from the 
PREDIMED-Plus study. We assessed coffee, tea, and caffeine consumption from a validated food-frequency 
questionnaire and creatinine-based eGFR using the Chronic Kidney Disease Epidemiology Collaboration 
equation. We used multivariate-adjusted regression models to examine associations (β coefficient, 95%CI) 
between baseline coffee (caffeinated and decaffeinated), tea, or caffeine intake and 1-year eGFR changes.  
Results: Drinkers of caffeinated coffee (>2 cups/d) and tea (at least 1 cup/d) had 0.88 and 0.93 
mL/min/1.73 m2 greater eGFR decrease, respectively, compared to those drinking <1 cup/d of coffee or non-
tea drinkers. Caffeinated coffee consumption of >2 cups/d was associated with 1.19-fold increased risk of 
eGFR decline >3 mL/min/1.73 m2 (95%CI, 1.01-1.41). Overall, analyses stratified by sex, age, baseline renal 
function, obesity, type-2 diabetes, hypertension, dyslipidemia, smoking, and a score of adherence to an 
energy-restricted Mediterranean diet revealed similar trends. In multivariable analyses, participants in the 
highest (median, 51.2 mg/d) compared to those in the lowest tertile of caffeine intake (median, 3.3 mg/d) 
had a 0.87 mL/min/1.73 m2 greater 1-year decrease of eGFR.  
Conclusions: Higher consumption of caffeinated coffee, tea, and caffeine was associated with a greater 1-year 
eGFR decline in overweight/obese older adults with MetS. 
 
Keywords: Coffee, kidney function 
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Effect on gut microbiota of a 1-year lifestyle intervention with 
Mediterranean Diet versus Energy-Reduced Mediterranean Diet and 
Physical Activity Promotion. PREDIMED-Plus Study 
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Background: Mediterranean diet is a well-recognized healthy diet that has shown to induce positive changes 
in gut microbiota. Lifestyle changes such as diet along with physical activity could aid in weight loss and 
improve cardiovascular risk factors. 
Objective: To investigate the effect of an intensive lifestyle weight loss intervention on gut microbiota. 
Design: This is a sub-study of the PREDIMED-Plus, a randomized controlled trial conducted in 
overweight/obese male and female (55-75 years) with metabolic syndrome. Intervention group (IG) 
underwent an intensive weight-loss lifestyle intervention based on an energy-restricted Mediterranean diet 
(MedDiet) and physical activity promotion and the Control group (CG) underwent a non-energy restricted 
MedDiet for 1-year. Anthropometric, biochemical and gut microbial 16S rRNA sequencing data were analyzed 
at baseline (n=362) and 1-year follow-up (n=343).  
Results: IG participants had a weight loss of 4.2 (IQR, -6.8, -2.5) kg vs. 0.2 (IQR, -2.1, 1.4) kg in the CG (P 
<0.001). Reductions in BMI, fasting glucose, glycated hemoglobin, triglycerides, and increase in HDL were 
greater in the IG than in CG participants (P < 0.05). We observed a decrease in Butyricicoccus, Haemophilus, 
Ruminiclostridium 5 and Eubacterium hallii in the IG compared to the CG. Many genera shifted in the same 
direction within both intervention groups indicating an overall effect of MedDiet. Decreases in Haemophilus, 
Coprococcus 3, and few other genera were associated with a decrease in adiposity parameters in both 
intervention groups. Changes in Lachnospiraceae NK4A136 was positively associated with changes in MedDiet 
adherence. 
Conclusion: Weight loss induced by an energy-restricted MedDiet and physical activity induce changes in gut 
microbiota. The role of MedDiet induced changes on the host might be via short chain fatty acid producing 
bacteria, whereas, with energy restriction, these changes might be modulated with other mechanisms, which 
needs to be explored in future studies. 
Keywords: Lifestyle, omics
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International tables of glycemic index values 2020: a systematic review 
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Introduction: Reliable tables of glycemic index (GI) are critical to research examining the relationship between 
glycemic qualities of carbohydrate and health. In the 12 years since the last edition of the tables, a large 
amount of new data has become available.  
Objectives: The aim was to systematically tabulate published and unpublished sources of reliable GI values, 
including an assessment of the reliability of the data.  
Methods: The 4th edition of the tables lists over 4000 items, a 61% increase on number of entries compared 
to the 2008 edition. The data have been separated into two lists, the first representing more precise values 
derived using the methodology recommended by the International Standards Organisation (~2100 items). 
The second list contains values determined using less robust methods, including limited numbers of healthy 
subjects, or with large standard error of the mean (1929 food items).  
Results: A critical appraisal of the data indicates that some generalizations still hold true.  The GI of dairy 
products, legumes, pasta and fruits tends to be low (GI 55 or less on the glucose = 100 scale) and remarkably 
consistent around the world. Cereals and cereal products, however, including wholegrain or wholemeal 
versions, show wide differences, presumably arising from variation in manufacturing methods. Breads, 
breakfast cereals, rice, savory snack products and regional foods are available in high, medium and low GI 
versions. Most varieties of potato are high GI foods, but specific low GI varieties have now been identified.  
Conclusions: Although the 2020 edition of the tables improves the quality and quantity of GI data available 
for research and clinical practice, GI testing of regional foods remains a priority. 
Key words: glycemic index, carbohydrates, diabetes, glycemic load
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Introduction: Type 2 diabetes is one of the most common causes of death. Early, timely identification and 
treatment can reduce the risk of developing related chronic diseases and prevent death. Like other chronic 
diseases, type 2 diabetes also require lifelong treatment and lifestyle changes with focus on dietary 
management. Encouraging healthier lifestyle can positively effect all negative metabolic changes.  
Objective: The objective was to investigate effects of the Mediterranean and Standard hypolipemic diet (1573 
kcal/6581 kJ vs 1287/5385 kJ) on anthropometric parameters, HbA1c and glycemia in 124 obese individuals, 
BMI (41.59±7.32 kg/m2).  
Methods: Subjects were enrolled in multidisciplinary structured program, which lasted for 5 days. The main 
aim was to change dietary and lifestyle habits.  
Results: The highest change in body weight was after three months of follow-up period, when also the most 
significant decrease in body weight was observed. The results showed that the Mediterranean diet group had 
better anthropometric parameters (weight loss 9,38 %, BMI 3,8 kg/m2) compared to Standard hypolipemic 
group (weight loss 8,28 %, BMI 3,4 kg/m2) after 12 months. In Mediterranean group statistically significant 
changes in HbA1c were associated with lower daily serving of meat dish, bread and pastries, biscuits and 
confectionery, as in Standard hypolipemic group. Also better glucose control, in Mediterranean group, 
correlated with lower daily intake of alcohol, as with higher daily intake of milk and dairy, fresh juice, 
vegetables, beans and cereals. In Standard hypolipemic group higher change in glucose values correlated with 
lower daily intake of dried meat products, cakes and alcohol. The reduction in body weight and waist 
circumference proved to be greater in subjects in the Mediterranean group compared to subjects in the 
Standard hypolipemic group, although the Mediterranean group had an average higher energy intake of 286 
kcal.  
Conclusions: In both groups positive changes in dietary habits were noted, but  given result provides a 
contribution to the evidence that the Mediterranean diet may be better model for safe weight loss applicable 
in clinical practice. 
Fundings: Part of project Ministry of Science, Education and Sports, Republic of Croatia (006-0000000-3521). 
Keywords: Mediterranean diet, dietary intervention 
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Introduction: Non-alcoholic fatty liver disease (NAFLD) encompasses a wide spectrum of fat-liver alterations 
that can result in chronic liver disease and even death. Ultra-processed food and drink products (UPF) 
consumption has been associated with obesity and its-related comorbidities in the prospective adult cohorts. 
However, none of previous studies addressed the link between the UPF and NAFLD.  
Objectives: To prospectively investigate the association between concurrent changes in UPF consumption and 
biomarkers of liver health.  
Methods: We followed a total of 5867 PREDIMED-Plus participants (Spanish men and women aged 55-75 
years with overweight/obesity and metabolic syndrome) for 1 year. Consumption of UPF at baseline, 6 and 
12 months was evaluated using a validated 143-item semi-quantitative Food Frequency Questionnaire. Food 
items (g/day) were categorized according to their degree of processing using NOVA system. The NAFLD-
related liver health was evaluated at three time points using the non-invasive fatty liver index (FLI) and hepatic 
steatosis index (HSI). The association between repeatedly measured UPF consumption, expressed as the 
percentage of total daily intake (daily g of UPF/total daily g of food and beverage intake*100), with changes 
in liver biomarkers (arbitrary units) was evaluated using mixed-effects linear models. 
Results: On average, the consumption of UPF accounted for 8.19% (SD 6.95%) of total daily intake (in grams) 
at baseline. In multivariable-adjusted model, 10% daily increment in consumption of UPF was associated with 
significantly (all p-values <0.0001) greater scores of FLI (β 1.60 point, 95% CI 1.24;1.96 point) and HSI (0.43, 
0.29;0.57).  These associations remained statistically significant after controlling for nutritional factors (intake 
of total energy, fatty acids, cholesterol, glycemic index, fiber, alcohol, fruits and vegetables, adherence to 
Mediterranean Diet, coffee and phytosterols) and NAFLD risk factors (obesity, type 2 diabetes, metabolic 
syndrome). 
Conclusions: In this prospective assessment among older adults with metabolic syndrome, a higher 
consumption of UPF was associated with higher levels of NAFLD-related biomarkers.  
 
Keywords: ultra-processed foods, liver fat accumulation
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Introduction 
Diets characterized by low glycemic index (GI) and/or glycemic load (GL) have been associated with decreased 
risk of chronic diseases.  
Objectives 
In a randomized, blind, cross-over study we investigated the glycemic-index (GI), glycemic-load (GL) and 
glycemic response to three traditional dehydrated Greek mixed meals consumed after reconstitution with 
water: Trahanas with tomato sauce, Lentils with lupins and selmolina Halva with currants.  
Methods 
Twelve healthy, fasting individuals (23.3 ± 3.2 years; BMI 23.7 ± 1.4 kg/m2) received isoglucidic test meals 
(25g available carbohydrate) and 25g glucose reference, in random order. GI/GL was calculated and capillary 
blood glucose samples were collected at 0-120min after meal consumption. Blood pressure was measured at 
the beginning and end of each intervention. Subjective appetite ratings were assessed by visual analogue 
scales (VAS, 100mm) at all time points.  
Results 
Lentils was a low-GI (26), low-GL (10) meal; Trahanas was a low-GI (43), medium-GL (25) meal and Halva was 
a low-GI (53), medium-GL (22) meal. There was a significant glucoseXtime interaction(p<0.001), a 
glucoseXmeal interaction (p<0.001) and a glucoseXtimeXmeal interaction (p<0.001). There was a main effect 
of meal on iAUC for glucose (p<0.001). Compared to the reference food, peak glucose values were lower for 
all meals (p<0.001). Peak glucose values were lowest for Lentils, followed by Trahanas and then Halva (p for 
all <0.05). Compared to the reference food, blood glucose concentrations were significantly lower for all 
meals at all time points (p for all<0.05). Lentils provided lower glucose concentrations at 30 and 45min 
compared to Trahanas (p for all<0.05) and at 30, 45 and 60min compared to Halva (p for all<0.05). Blood 
glucose concentrations did not differ between Trahanas and Halva at all time points. No differences were 
observed for fasting glucose, time to peak rise for glucose, blood pressure and subjective appetite ratings.  
Conclusions 
Meals differed in GI/GL. All three mixed meals attenuated postprandial glycemic response, which may offer 
advantages to glycemic control.  However, halvas should be consumed with caution because of its typical high 
fat and sugar content.  
Fundings: None.  
Keywords:  
Food, glycemic index, glycemic response, halva, trahanas, lentils 
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Introduction:  Bread is one of the main carbohydrate sources in our diet and may hence be relevant for several 
health outcomes. Potential effects on glycaemia are of particular interest since recurrent or persistent 
deteriorations of glycaemia contribute to the development of type 2 diabetes mellitus (T2DM). 
 
Objectives: This review aims to examine the effect of bread intake on glycaemia in people with and without 
T2DM evident from intervention studies. 
 
Methods: A systematic literature search was conducted in MEDLINE, Cochrane Library, Web of Science, and 
EMBASE databases for studies published until October 2020. Inclusion criteria were intervention trials with a 
duration of two weeks or more, examining bread consumption in relation to glycaemic outcomes in healthy 
participants or participants with T2DM. Eligible trials compared either different types of bread, or bread with 
different additives aiming to affect glycaemic control. Primary outcomes were mean change in fasting blood 
glucose or HbA1c, or other glycaemic outcomes such as fructosamine or 2h-postprandial blood glucose. 
 
Results: Twenty-one articles (n=1 019 participants), based on twenty different intervention studies, were 
eligible and included in the systematic review. The studies investigated whole-grain bread (n=4), functional 
ingredient-enriched breads (n=9), breads with other grains than wheat (n=5) and breads differing in beta-
glucan content (n=2). Ten studies showed a significant effect on glycaemia. Improvement in glycaemic 
outcomes was observed using whole grain bread (n=2 out of 4), functional ingredient-enriched breads (n=3 
out of 9) and breads from different flours (n=3 out of 5). Of note, both studies examining beta-glucan enriched 
breads reported a significant decline in fasting blood glucose. 
 
Conclusions: The systematic search revealed twenty interventions with bread that investigated glycaemia as 
an outcome, and ten of these reported significant effects. Studies are heterogeneous, showing the need for 
more standardized testing of foods and their effect on glycaemia. 
 
Fundings: This project has received funding from the European Joint Programming Initiative “A Healthy Diet 
for a Healthy Life” (JPI HDHL) and of the ERA-NET Cofund HDHL INTIMIC (GA N° 727565 of the EU Horizon 
2020 Research and Innovation Programme). 
 
Keywords: bread, glycaemic control 
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Introduction Pre-diabetes is an early stage of diabetes mellitus type 2 (DM2). Obesity plays a role in 
pathogenesis of both pre-diabetes and diabetes. Obesity is an epidemic with enormous public health 
implications represents an expansion of adipose tissue mass.There is a strong correlation between obesity 
and insulin resistance in both diabetic and nondiabetic subjects , and the risk of diabetes increases 11-fold as 
the BMI increases. Numerous adipocyte secretory products have recently been described that play a role in 
carbohydrate and lipid metabolism. Tumor necrosis factor (TNF)-α is an adipocyte secretory product. TNF-α 
and IL-1 beta are in the group of pro-inflammatory cytokines. 
Methods Individuals (male and female) were diagnosed with pre-diabetes and obesity and involved in this 
study. The fasting glucose between 5.9 and 6.9 mmol/dl and parameters of glucose and fat metabolism were 
determined in all participants. The low caloric diet was given for a period of 6 months together with the every 
day moderate physical activity. Blood levels of TNF alpha and IL-1 beta were determined 
Тhe results of the changle in food habits and lifestyle including  physical activity decreased the levels of TNF 
alpha and IL-1 beta in those individuals with elevated levels at the start of this study.  
Conclusions LCD plus moderate physical activity may normalize TNF alpha and IL-1 beta in individuals with 
pre-diabetes and obesity.  
 
key words :Lifestyle , Food , Dietary patterns 
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Meta-Analysis 
Ms. Amna Ahmed1,2, Dr. Tauseef  Khan1,2, Ms. Danielle Lee1,2, Ms. Zujaja tul  Noor1,2, Dr.  Dan  Ramdath3, Dr. 
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Introduction: Excess calories from free sugars have been implicated in the epidemics of obesity and type 2 
diabetes. Honey is a free sugar according to the World Health Organization but is generally regarded as a 
healthy alternative to sugar.  
 
Objective: To assess the effect of honey on cardiometabolic risk factors by conducting a systematic review 
and meta-analysis of controlled trials using the Grading of Recommendations, Assessment, Development, and 
Evaluation (GRADE) approach.  
 
Methods: MEDLINE, Embase, and Cochrane Library were searched up to 4 January 2021 for controlled trials 
≥1 week duration, assessing the effect of oral honey intake on adiposity, glycemic control, lipids, blood 
pressure, uric acid, inflammatory markers, and markers of non-alcoholic fatty liver disease. Independent 
reviewers extracted data and assessed risk of bias. Data were pooled using the inverse variance method and 
expressed as mean differences (MDs) with 95% CIs. Certainty of evidence was assessed using the GRADE 
approach. (PROSPERO identifier, CRD42015023580) 
 
Results: We included 16 controlled trials (29 trial comparisons, n=1,073) assessing the effect of oral honey 
intake. Most studies were in healthy people (13 studies) with others in people with overweight/obesity (4 
studies), diabetes (7 studies), and individuals with impaired glucose intolerance or hypercholesteremia (5 
studies). Dose of honey ranged from 5 to 125 grams. Type of honey was reported in 27 out of 29 trials. Honey 
reduced fasting glucose (MD, -0.30 mmol/L, [95% CI, -0.58 to -0.03 mmol/L], p=0.031), increased HDL 
cholesterol (MD, 0.04 mmol/L, [95% CI, 0.00 to 0.08 mmol/L], p=0.043), and increased interleukin-6 (MD, 0.37 
pg/mL, [95% CI, 0.01 to 0.74 pg/mL], p=0.046). No effects of honey were seen in the other outcomes assessed. 
The overall certainty of the evidence was low to very low for most comparisons and was downgraded for 
inconsistency, indirectness, and/or imprecision.   
 
Conclusions: The available evidence provides some indication that honey might have a benefit for glycemic 
control and lipid levels when consumed in a healthy dietary pattern. More high-quality randomized controlled 
trials are needed to improve the precision and consistency of our estimates and address the generalizability 
of our conclusions.  
 
Funding: Canadian Institutes of Health Research (CIHR), Diabetes Canada 
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THE ADDITION OF LIQUID FRUCTOSE TO A HIGH-FAT DIET INDUCES 
SKELETAL MUSCLE INSULIN RESISTANCE IN FEMALE SPRAGUE-DAWLEY 
RATS 
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Introduction: There is controversy about the role of saturated fat and fructose, both present in Western-style 
diets, in the induction of insulin resistance (IR).    
Objectives: To investigate the effect of a high-fat diet, rich in palmitic and stearic fatty acids, alone or 
supplemented with liquid fructose in the development of liver, skeletal and white adipose tissue IR.  
Methods: 24 female rats were randomly assigned to 3 groups (n=8 each) and maintained for 3 months in: 1. 
standard rodent chow (control, CT); 2. High-fat diet (rich in palmitic and stearic fatty acids, HFD) and 3. High-
fat diet with 10% w/v fructose in drinking water (HF-HFr). Zoometric parameters, plasma biochemistry, and 
liver and skeletal tissue content and expression of key molecules/proteins involved in insulin signaling were 
analyzed at the end of the treatment. 
Results: Despite a high increase in the ingested calories (x1.2, x1.6 vs CT, for HFD and HF-HFr, respectively), 
no significant changes in total body and white adipose tissue weights were detected vs CT. While plasma NEFA 
and glucose concentrations were unchanged, HF-HFr rats had higher insulin concentrations than CT (x1.9) 
which translated into a significant reduction in the Insulin Sensitivity Index (x0.7). In the liver, HFD showed a 
higher content of saturated ceramides and a higher expression of phosphoenolpyruvate carboxykinase 
(PEPCK) (x1.5) than CT, while HF-HFr samples showed unchanged ceramide content, an increase in saturated 
and monounsaturated diacylglycerols, and a decreased expression of insulin-related substrate 2 (x0.4) and 
PEPCK (0.3) vs CT, with no changes in the expression of the active, phosphorylated forms, of several proteins 
kinase C isoforms. In skeletal muscle, only the HF-HFr dietary intervention elicited significant changes, 
decreasing the expression of the phosphor-Akt substrate of 160 kDa protein (x0.5 vs CT), and increasing the 
fatty acid β-oxidation activity (x1.25 vs HFD) and the expression of lipoprotein lipase, acyl-CoA oxidase, 
carnitine palmitoyltransferase-1b, and VLDL receptor (x3.2, x3.2, x2.3, and x2.2 vs CT, respectively). 
Conclusions: The addition of liquid fructose to a HFD elicited a state of insulin resistance, basically by shifting 
the energy substrate use in skeletal muscle from glucose to fatty acids.  
Keywords: macronutrients, hepatic steatosis
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Are regular dietitian attendance rates important in obesity management? 
Valentina  Rahelić1, Josipa Matanić1, Eva Pavić1 
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Introduction: Obesity is chronic disease that globally affects more then 800 million people and it is one of the 
biggest public health problems of 21st century. Today, increasing emphasis is placed on the importance of 
medical nutritional therapy in treatment of chronic non-communicable diseases and the importance of an 
individual approach. European guidelines obesity treatment emphasize the importance of weight loss (5 - 
10%) for improving health outcomes and biochemical parameters. At UHC Zagreb, dietitian as an integral part 
of a multidisciplinary team participates in the treatment of obesity, by conducting an individual dietary 
intervention. 
Objectives: Investigate the influence of attendance number at a dietitian in 20 adults diagnosed with obesity 
(14 F; 6 M) on a weight reduction for  5 - 10% in accordance with the guidelines. 
Methods: Patients were educated on implementation and conduction of reduction diet in accordance with 
guidelines and Croatian standard for nutrition of patients in hospitals, and were provided with educational 
materials and an example of a 7-day menu. 
Results: A higher number of attendance (greater than 3) was associated with more successful weight 
reduction. 12 patients achieved a reduction ≥ 10 % of initial body weight, and only 3 <5 % (number of arrivals 
< 5 x). 
Conclusion: Patient education as well as regular monitoring will contribute to motivation, successful weight 
reduction and lifelong change of eating habits, and thus, ultimately, a positive impact on health and 
prevention of type 2 diabetes and other chronic non-communicable diseases. It is extremely important to 
prevent weight loss and insure long-term maintenance of optimal body weight to support overall health. 
Keywords: dietitian, obesity,  dietary intervention 
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The insulin response to consumption of a chilled/reheated mashed potato 
meal is reduced in comparison with an identical freshly cooked meal 
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Introduction: Control of the postprandial glycaemic excursion is particularly important for those living with 
type 2 diabetes, with many using glycaemic index (GI) tables to guide their food choices. However, GI tables 
do not account for changes in starch digestibility resulting from basic food processing techniques, such as 
chilling and reheating. Furthermore, simple measurement of the blood glucose response to a food does not 
reveal the underlying mechanisms governing that response. 
Objectives: To investigate the effect chilling and reheating has on the metabolic response to mashed potato 
consumption and determine the mechanisms of this response using a dual stable isotope approach. 
Methods: Eight healthy individuals (6M, 2F, age 38±9 y, BMI 23±2 kgm-2) attended two study days. The test 
meal was consumed at 0 min. It was served freshly cooked on one occasion and microwave-reheated on the 
other, following storage at 4 C for 48 h. The test meal consisted of 203 g mashed potato (10 g [U13C]-
intrinsically-labelled potato mixed with 193 g non-labelled potato, giving 5 % enrichment) mixed with 25 g 
butter (providing 36 g carbohydrate, 20 g fat).  A variable [6,6-2H2]glucose infusion, was delivered via cannula, 
from -120 min to 360 min. Venous blood samples were taken at frequent intervals over the same time period. 
Mathematical modelling was used to estimate endogenous glucose production (EGP), rate of glucose 
appearance from meal (Ra) and rate of glucose disposal (Rd). 
Results: There was a significant reduction in the insulin (p=0.026) and GIP (p=0.018) responses over 0-180 min 
following the reheated meal compared to the freshly cooked. There were no significant differences between 
meals for glucose, Ra, Rd or EGP. 
Conclusions: The reduction in insulin response following the reheated meal, with no corresponding change in 
EGP, suggests enhanced hepatic insulin sensitivity as a possible mechanism of action. This study demonstrates 
that making simple changes to the way a starchy carbohydrate is prepared can significantly affect the 
metabolic response to its consumption. This knowledge may help those looking to manage insulin resistance 
make informed choices when preparing meals. 
Funder: Biotechnology and Biological Sciences Research Council (BBSRC) 
Keywords: macronutrients, food
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Habitual intake of dietary methylglyoxal is associated with less low-grade 
inflammation, but also with impaired retinal microvascular function: The 
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Introduction: 
Dicarbonyls are reactive precursors of advanced glycation endproducts (AGEs). Dicarbonyls are formed 
endogenously but also during food processing. Circulating dicarbonyls and AGEs are associated with 
inflammation and microvascular complications of diabetes, but the implications of dietary dicarbonyls are 
unknown.  
Objectives: 
To examine the associations of dietary dicarbonyls with low-grade inflammation and microvascular function. 
Methods: 
In 2793 participants (60±8 yrs, 50% men, 26% type 2 diabetes) of the Maastricht Study, we estimated habitual 
intake of the dicarbonyls methylglyoxal (MGO), glyoxal (GO), and 3-deoxyglucosone (3-DG). FFQs were linked 
to our food composition database, including MGO, GO, and 3-DG concentrations. Low-grade inflammation 
was determined as z-score of plasma biomarkers of inflammation (CRP, SAA, sICAM-1, IL-6, IL-8, TNF-α). 
Microvascular function was determined as a z-score of endothelial function plasma biomarkers (sVCAM, 
sICAM, eSelectin, vWF), in retinal arterioles and venules as flicker light-induced dilation and as diameters, and 
in skin as heat-induced hyperemia. Cross-sectional associations of dietary dicarbonyls with markers of low-
grade inflammation and microvascular function were investigated using linear regression adjusting for age, 
sex, energy intake and cardiometabolic risk factors.  
Results: 
Higher MGO intake was associated with less inflammation, which was statistically significant in the fully 
adjusted model (age, sex and GMS adjusted: -0.03 [-0.06;0.01]. Fully adjusted: -0.05 [-0.10;-0.01]). MGO 
intake was inversely associated with each individual biomarker of inflammation. On the other hand, higher 
MGO intake was associated with impaired retinal venular dilation in the age, sex, and GMS adjusted model (-
0.05 [-0.10;-0.004]), and after full adjustment (-0.08 [-0.14;-0.02]). MGO intake was also associated with 
impaired retinal arteriolar dilation and skin hyperemia, although not significantly. We observed no association 
of MGO intake with retinal diameters and plasma biomarkers of endothelial function, or of GO and 3-DG 
intake with any of the outcomes. The associations were not modified by glucose metabolism status (P 
int.>0.10). 
Conclusions: 
Higher habitual intake of MGO was associated with less low-grade inflammation, but also with impaired 
retinal venular dilation. This suggests that food–derived MGO may induce anti-inflammatory effects, but also 
contributes to impaired retinal microvascular function, possibly via inflammation independent pathways. 
These opposite associations require further investigation.   



 
Dicarbonyls; microcirculation
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High intake of unsaturated fat and protein effectively reduce visceral 
adipose tissue in elderly subjects: results of a randomized controlled trial  
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Introduction:  Visceral adipose tissue (VAT) is an important cardiovascular risk factor, promoting metabolic 
disturbances including insulin resistance. Hence, reduction of VAT plays an important role in prevention of 
glucose metabolism disorders. Lifestyle measures, especially energy restriction, is shown to efficiently reduce 
VAT. However, energy restriction and loss of body weight can have detrimental effects in elderly subjects. 
Objectives: We aimed to assess the effect of a diet rich in unsaturated fatty acids (UFA), protein and fibers, 
without focus on energy restriction, on VAT and consecutive metabolic changes.  
Methods: We analyzed VAT in a sub-sample of the NutriAct trial consisting of 300 subjects (50-79 years) that 
underwent MRI-examination both at baseline and after 12 months. Within this 36-month randomized 
controlled trial, subjects were randomly assigned to either a dietary pattern high in mono-/poly- UFA (15-
20%E/10-15%E), plant protein (15-25%E) and fiber (≥30g/day; intervention group = IG) or to standard of care 
including recommendations if the German Nutrition Society (control group =CG). Abdominal MRI, MR-
spectroscopy and metabolic phenotyping were performed at 0 and 12 months. We performed between-group 
comparisons and correlation analyses (Pearson). Level of significance: p<0.05. 
Results: A very small but comparable weight loss was seen in both groups (BMI change CG: -0.46±1.12 vs. IG: 
-0.64±1.29, p=0.158). In the IG, VAT significantly decreased from 4.64 L to 4.42 L within 1 year (p<0.001), while 
no change was seen in controls. This resulted in a significant between-group difference in VAT change 
(p=0.040, adjusted for baseline VAT, sex, age).  
Increase in PUFA and protein intake were associated with reduction of VAT (ρ=-0.177, p=0.003; ρ=-0.116, 
p=0.049, respectively). Decrease in VAT was further strongly associated with a reduction in insulin resistance 
(HOMA-IR; ρ=0.245, p<0.001), even after adjusting for change in IHL ρ=0.152, p=0.012). 
Conclusions: The NutriAct dietary pattern, particularly due to its high content of PUFA and protein, is effective 
in reducing VAT. This reduction is associated with an amelioration of insulin sensitivity. With this, diabetes 
risk is mitigated without extensive loss of body weight. The NutriAct pattern should therefore be considered 
as treatment option, especially in elderly subjects.  
Fundings: German Ministry for Education and Research.  
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Substituting starch with resistant starch over 3 days lowers PPG and 
glycaemic variability in people with type 2 diabetes 
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Introduction: Post-prandial glucose (PPG) is an important therapeutic target for those with Type 2 diabetes 
(T2D), to reduce the risk of complications such as cardiovascular disease and diabetic neuropathy. Replacing 
~14% starch with resistant starch (RS) has been shown to reduce PPG in healthy people but there are no data 
in those with T2D. Methods & Objectives: Single-blinded two-regimen crossover design, to investigate the 
effect of substituting ~14% of starch in a diet with RS over four consecutive days (free-living),in 20 participants 
with T2D (mean HbA1c 52.18 ± 9.79mmol/L, mean age 58 ± 10.9 years). An iPro™2 glucose monitor captured 
continuous data over each 4-day regimen. Participants were provided with either control or RS diet. Food 
items were identical, other than the starch component. Day 1 acted as a run-in and days 2, 3 and 4 were used 
as replicates in analysis as the diet was consistent over all 4 days. Meal times were self-reported and 
corroborated by iPro™2 chromatographs. Daily area under the curve (AUC), mean glucose, standard deviation 
of the mean (SD) and % time in range (considered 3.9-10.0mmol/L [TIR]), or above range, were calculated 
automatically by Medtronic iPro™2 software. Primary outcome: postprandial mean amplitude of glycaemic 
excursion (MAGE): sum of differences between highest and lowest glucose peak above 1SD, for all meals. 
Results: Over meal times, PPG was lower with RS, however this effect was only significant over lunch, except 
for breakfast TIR, which was 23.54 minutes lower with the RS diet (P=0.023) and time it took glucose to peak 
over dinner period, which was 28.48 minutes longer with RS (P=0.013). At lunch the RS diet led to lower 
MAGE: 0.94 mmol/L (P=0.002), glucose SD: 0.31 (P=0.020) and TIR of 23.44 minutes longer with RS (P=0.028). 
Daily TIR was 7.8% longer with RS (P=0.021), reflected in the lower total AUC: 613AUC (P=0.032) compared 
to control diet. Conclusion: In this free-living study, RS improved glucose measures and variability. This could 
have clinical significance if consumed longer term. Longer-term trials of starch replacement with RS are now 
warranted. 
 
Funding: Diabetes UK. 
Macronutrients 
dietary patterns 
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Introduction: Dietary patterns influence risk factors for type 2 diabetes. Food choices made by men and 
women might also reflect risk, with implications for practice.   
 
Objectives: This study aimed to explore the relationship between dietary patterns, adiposity and cardio-
metabolic risk factors at risk individuals. 
 
Methods: Baseline diet history data was analysed from 630 overweight and obese volunteers (19-67y) from 
four weight-loss trials conducted during 2004-2015 in Wollongong, Australia. Dietary patterns were derived 
by principal component analysis from 21 food groups. Spearman's correlations were calculated between 
dietary pattern component scores and validated indexes based on the Australian Dietary Guidelines. Linear 
mixed models were applied to assess associations between extracted dietary patterns and cardio-metabolic 
risk factors. Analyses were performed separately for men and women and adjusted for covariates and energy 
misreporting.   
 
Results: Dietary patterns labelled as dietary guideline (r=0.310, P<0.0005), vegetarian (r=0.056, P=0.232) and 
special dietary food (r=-0.299, P<0.0005) were identified for women. For men these were dietary guideline 
(r=0.432, P<0.0005), high protein (r=-0.069, P=0.369) and alcohol consumer (r=-0.130, P=0.090). The dietary 
guideline pattern was inversely associated with HDL (β= -0.008, 95%CI, -0.014, -0.002, P=0.010) and LDL (β= -
0.011, 95%CI, -0.022, -0.001, P=0.040) for women, and percentage body fat (β= -0.011, 95%CI, -0.021, -0.001, 
P=0.027) and waist circumference (β= -0.005, 95%CI, -0.010, -0.001, P=0.027) for men. In women, the 
vegetarian pattern was inversely associated with percentage body fat (β= -0.004, 95%CI, -0.007, -0.000, 
P=0.029), and for men, the high protein pattern was inversely related to waist circumference (β= -0.005, 
95%CI, -0.010, -0.000, P=0.037).  
 
Conclusions: In this sample of trial volunteers, different usual dietary patterns emerged for men and women. 
The pattern best aligned with dietary guidelines was associated with different risk profiles in women (lipids) 
and men (anthropometric).   Anthropometric variables were also linked to different alternative patterns 
(vegetarian in women and high protein in men). Further research might consider the effect of changing dietary 
patterns in different ways for men and women when targeting cardio-metabolic risk. 
 
Funding: The trials were funded by the Australian National Health and Medical Research Council, the 
California Walnut Commission and Horticulture Australia Ltd. 
 
Keywords: food, dietary patterns 
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Background: Previous studies have shown beneficial associations between fruit and vegetable (FV) 
consumption and cardiometabolic risk factors. Variety in FV may play an important role on cardiovascular 
health due to the different nutrient profile and phytochemical content among the different groups and 
subgroups of FV.  
 
Objectives: to longitudinally study the associations between 1-year changes in variety and quantity of FV and 
cardiometabolic risk factors in elderly subjects at high cardiovascular (CVD) risk.  
 
Methods: a 1-year data longitudinal analysis of 6647 PREDIMED-plus study participants was conducted. Data 
was collected at baseline, six months and 1-year of follow-up. Variety and quantity of FV were quantified 
using a FFQ and continuous scores for variety were created in items consumed per month. Linear mixed-
models, adjusted for potential confounders, were used to estimate associations between 1-year changes in 
FV quantity and variety and cardiometabolic risk factors.  
 
Results: an increment of two points in the variety score for FV was significantly associated with a decrease in 
glucose (-0.33 mg/dL (0.58,-0.07)), body weight (-0.07kg (-0.13,-0.02)) and WC (-0.08cm (-0.16,-10.01)) over 
1-year. An increment of 100 g/d of FV was significantly associated with a decrease in triglycerides (-0.50 mg/dL 
(-0.93,-0.08)), glucose (-0.21 mg/dL (-0.32,-0.11)), body weight (-0.11kg (-0.15,-0.07)) and WC (-0.10cm (-
0.14,-0.06)) over 1-year. A combination of higher FV quantity and variety was significantly associated with a 
decrease in glucose (-1.26 mg/dL (-2.09,-0.43)), body weight (-0.40kg (-0.58,-0.23)) and WC (-0.50cm (-0.73,-
0.28)) over 1-year.   
 



Conclusion: Higher variety in FV was significantly associated with a decrease in many cardiometabolic risk 
factors among elderly subjects with overweight/obesity and metabolic syndrome, suggesting that variety in 
these food groups may play an important role on CVD risk reduction.  
 
Funding: this trial was supported ISCIII, through the Fondo de Investigación para la 
Salud(FIS),(PI13/00462,PI16/00501,PI19/00576). Additional grants: the Especial Action Project and the 
Recercaixa-grant (2013ACUP00194); the European Research Council (Advanced Research Grant 2014-
2019;340918); Consejería-Salud, Junta de Andalucía (PI0458/2013;PS0358/2016), the PROMETEO/2017/017-
grant; the SEMERGEN grant and FEDER funds (CB06/03); ICREA under the ICREA Academia programme-JS-S. 
Consortium CIBER,M.P.,CIBEROBN is an initiative of ISCIII, Spain. L-LG receives a predoctoral grant from 
Universitat Rovira i Virgili (2019PMF-PIPF-16).  
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Introduction: The rise in intake of simple sugars has been associated with the current epidemic of 
cardiometabolic disease. However, there has been an ongoing debate on whether dietary fructose is a 
modifiable risk factor of non-alcoholic fatty liver disease.  
Objective: The aim of the present study was, therefore, to assess the relationship between different food 
sources of dietary fructose and intrahepatic lipid content (IHL) at the population level. 
Methods: We used cross-sectional data from The Maastricht Study, a population-based cohort (n=3,981; 60±9 
years; 50% women). We assessed the relationship between habitual fructose intake (assessed by a FFQ) – 
total and derived from fruit, fruit juice and sugar sweetened beverages (SSB) – and log-transformed IHL 
(quantified by 3T Dixon MRI) with adjustment for age, sex, type 2 diabetes (T2D), educational level, smoking 
status, physical activity, and intakes of total energy, alcohol, saturated fat, protein, vitamin E, and dietary 
fiber.  
Results: Energy-adjusted total fructose intake was not associated with IHL in the fully adjusted model 
(p=0.647). Energy-adjusted intake of fructose from fruit was associated with lower IHL after adjustment for 
dietary factors (p=0.044), but this association was no longer statistically significant after additional 
adjustment for dietary fiber (p=0.767).  
In contrast, energy-adjusted intake of fructose from fruit juice and SSB was associated with higher IHL in the 
fully adjusted model (p=0.019 and p=0.006, respectively). Individuals in the highest quartile of energy-
adjusted intake of fructose from fruit juice and SSB had a 1.05-fold (95% CI: 0.98; 1.12) and 1.08-fold (95% CI: 
1.00; 1.16) higher IHL, respectively, when compared to the lowest quartile in the fully adjusted model. Finally, 
the association for fructose from fruit juice were stronger in individuals with T2D (p for interaction=0.071).  
Conclusion: Fructose from fruit juice and SSB, but not from fruit, is independently associated with higher IHL. 
These findings support the recommendation to reduce intake of fructose-containing beverages as a means to 
prevent hepatic steatosis and cardiometabolic disease at the population level. 
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Lipoprotein lipase and caveola mediate uptake of VLDL-like particles in 
macrophages 
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The lipolysis function of Lipoprotein lipase (LPL) is considered mandatory for cells to take up exogenous 
triglycerides (TAGs). In our study, we created a very low-density lipoproteins (VLDL)- like emulsion with a 
droplet size of 60-80 nm. The roles of LPL and caveola during VLDL uptake by RAW 264.7 and human primary 
GM-CSF macrophages were studied using specific inhibitors and siRNA interference. The localization of the 
fluorescent labelled lipid droplets (LDs) and cellular organelles were determined using confocal microscopy 
and quantified by flow cytometry. Whole transcriptome data and qPCR data were used to indicate the uptake 
of lipids by macrophages on mRNA level. The results show that blocking the of terminal binding of LPL or LPL 
removal, instead of blocking its catalytic domain, could significantly decrease or even eliminate the uptake of 
VLDL particles by macrophages. Interestingly, we observed that the inhibition of caveola protein or knock 
down of its encoding genes could block the VLDL uptake process as well. These findings could also be observed 
with human plasma isolated VLDL particles. For further, the release of free fatty acids by GM-CSF 
macrophages after lipid treatment could be removed and the accumulation of lipid droplets on ER was 
increased in the meantime by the inhibition of NPC1 protein. To conclude, the study suggests that the binding 
of VLDL to LPL is a precursory step before caveola mediated endolytic lipid uptake by macrophages. The 
hydrolysis function of LPL is not mandatory in this process. NPC1 is also proved as an important exporter for 
free fatty acids transportation from lysosome to cell plasma. These findings will help to understand how 
macrophages take up excess lipids and influence macrophage function.
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Introduction: Several epidemiological studies have shown that greater adherence to the Mediterranean diet 
(MD) is associated with a lower incidence of coronary heart disease and mortality. 
 
Objectives: To evaluate the short-medium-term effects (one year) of a lifestyle intervention program, based 
on a MD pattern, on the expression of inflammatory molecules and those related to stability plaque in healthy 
elderly people with high risk of cardiovascular disease (CVD). 
 
Methods: 150 adults were selected from the affiliated primary care centers at the Hospital Clínico from 
Barcelona. All of them were overweight or obese and, in addition, with three or more criteria for Metabolic 
Syndrome (MetS). Subjects were randomly assigned to one of the two intervention groups: a traditional MD 
(control group) and a energy-restricted MD associated with a physical activity program (res-MD) and 
behavioural support. After one year of intervention, the changes in the concentrations of the pro and anti-
inflammatory biomarkers studied were evaluated using ELISA kits (MMP-9, endothelin and SST2) and Luminex 
(IL-6, IL-10, IL-18, TNF-α, MCP-1, ICAM-1 and VCAM-1). 
 
Results: After one year of dietary intervention, both diets showed significant reductions in systolic and 
diastolic blood pressure. The res-MD group presented significant reductions in triglyceride concentrations (-
6.8%, P = 0.047), as well as significant reductions in the concentrations of MMP-9, endothelin, SST2, IL-6, IL-
18, TNF-α and MCP-1 (P <0.05, all) and significant increases in IL-10 (P = 0.013). 
 
Conclusions: Adherence to a diet pattern such as res-MD seems to have an immunomodulatory effect that 
translates into an improvement in serum markers of endothelial dysfunction, pro and anti-inflammatory 
cytokines and those markers related to the stability of the atheroma plaque. 
 
Fundings: CIBERobn is an initiative of the Instituto de Salud Carlos III (ISCIII). We are grateful for the financial 
support of PI 13/02184 and PI 16/00381. 
 
Keywords: Dietary patterns; Lifestyle 
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Introduction: Excess of visceral adipose tissue (VAT) is associated with higher secretion of pro-inflammatory 
biomarkers, leading to systemic inflammation and obesity-related metabolic disturbances. 
Objective: To evaluate whether changes in VAT are associated with improvements in obesity-related 
inflammatory markers in older individuals with metabolic syndrome. 
Methods: This prospective analysis includes 117 overweight/obese adults (55-75 years) from the PREDIMED-
Plus study. Thirteen inflammatory biomarkers were measured using a Bio-Plex assay with multiplex 
technology: insulin, IL-6, visfatin, ghrelin, GLP-1, TNF-α, MCP-1, PAI-1, resistin, C-peptide, leptin, adipsin and 
adiponectin. Participants were categorized into tertiles according to their changes in VAT, determined by 
dual-energy X-Ray absorptiometry (1 year versus baseline; T1: -509 g [-3114 to -283g]; T2: -159g [-281 to 
32.1g] and T3: 242g [59.4 to 1643g]). Analysis of covariance and paired t-test were used to assess the changes 
in inflammatory biomarkers according to the tertile of VAT changes adjusted by potential confounders.  
Results: Significant decreases were observed after 1-year in participants who showed a decrease in VAT (T1) 
in insulin, glucagon, and c-peptide levels. Furthermore, significant increases were observed in participants 
who increase their VAT deposits (T3) in TNF-α, PAI-1, resistin, and leptin levels. Significant differences 
between tertiles were observed in insulin (p=0.021), glucagon (p=0.018), PAI-1 (p=0.002), c-peptide (p=0.006) 
and leptin (p=0.011). 
Conclusions: Reduction in VAT was associated with improvements in both inflammatory and adiposity 
biomarkers. 
Fundings: Supported by CIBERON Fisiopatología de la Obesidad y Nutrición, Instituto de Salud Carlos III (ISCIII), 
through the Fondo de Investigación para la Salud (FIS) and the Spanish Ministry of Universities for the 
Formación de Profesorado Universitario (FPU17/00785) contract. 
Keywords: Dietary patterns, Lifestyle 
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Introduction: Mediterranean diet adherence its associated with a short-term inflammatory and adipokine 
regulation. Nevertheless, the long-term effects of Mediterranean diet on these biomarkers is still unclear. 
Objectives: To assess the medium- and long-term effect of a Mediterranean diet intervention on adipokine 
and inflammatory plasma levels compared with a low-fat diet intervention in an elderly population at high 
cardiovascular risk. 
Methods: This is a sub-study of the PREDIMED trial. Participants, aged between 55 and 80 years old and at 
high cardiovascular risk, were recruited at Hospital Clinic (Barcelona) and randomly assigned to one of the 
three intervention arms: Mediterranean Diet supplemented with extra-virgin olive oil (MedDiet+EVOO; 
n=100), Mediterranean diet supplemented with Nuts (MedDiet+Nuts; n=100) or Low-fat diet (LFD, control 
group; n=100). Changes in plasma levels of 15 adipokine and inflammatory biomarkers were analyzed by the 
Bio-PlexMT system at baseline, and after 1, 3 and 5 years of follow-up. 
Results: After 1-, 3-, 5-year follow-up, participants in MedDiet+EVOO had lower levels of IL-6, TNF-α, visfatin, 
insulin, adipsin, and higher levels of adiponectin. At short and medium-term, GIP, GLP-1, leptin, C-peptide 
were reduced, and ghrelin levels were increased. Similarly, participants in MedDiet+Nuts, at 1-, 3- and 5-year, 
showed lower levels of IL-6, TNF-α, insulin, GLP-1, and adipsin, while visfatin and GIP were reduced, and 
ghrelin and adiponectin levels were increased at short and medium-term. For this group, an increase of TNF-
α levels was observed after 5-years. 
Comparison among groups showed significant differences between MedDiet+EVOO and LFD in adipsin at 1-, 
3-, 5-year, in TNF-α and GIP at 3-, 5-year, and in visfatin and ghrelin at 5-year. Also, between MedDiet+Nuts 
and LFD in adipsin at 1-, 3-, 5-year, in resistin, TNF-α and GIP at 3-, 5-year, and in IL-6, insulin, and ghrelin at 
5-year. 
Conclusions: A long-term Mediterranean diet intervention might improve inflammatory and adipokine profile 
in Spanish elderly subjects at high risk. 
Fundings: CIBERobn is an initiative of the Instituto de Salud Carlos III (ISCIII). We are grateful for the financial 
support of PIE14/00045. 
Keywords: lifestyle, dietary patterns
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Introduction: Polycystic ovary syndrome (PCOS) is considered as a complex endocrinopathy in women of 
reproductive age and is associated with multiple metabolic abnormalities and especially the metabolic 
syndrome (MS). Metabolic syndrome is a cluster of risk factors for type 2 diabetes and cardiovascular disease. 
Objective:  To determine the prevalence of Metabolic Syndrome (MS) and its components in women with 
Polycystic Ovary Syndrome (PCOS).  
Subjects/Methods: One hundred and two women (30 ± 7 years) were enrolled for the study. MS was 
diagnosed using (NCEP/ATP III 2005) guidelines. Daily energy expenditure (DEE) was assessed by an adapted 
questionnaire and food intake by a “the food frequency questionnaire” and 24h "Recall and Record". We 
analysed glycemia, total cholesterol (TC), triacylglycerols (TG) and high-density lipoprotein cholesterol (HDL-
C) by colorimetric method. For redox status, we analyzed thiobarbituric acid-reactive substances (TBARS) 
(Quintanilha et al., 1982), carbonyls (Levine et al., 1990), thiols (Sedlak & Lindsay, 1968) and the activity of 
superoxide dismutase (SOD) (Marklund & Marklund, 1974) and Catalase (Goth., 1991). Results: Among 102 
PCOS, 78 (76.4%) were diagnosed with MS. Components of MS included hypertension (n=58, 56.9%), 
hyperglycemia (n=25, 24.5%), hypertriglyceridemia (n=80, 78.4%), abdominal obesity (n=96, 94.1%), and low 
levels of high-density lipoprotein cholesterol (n=35, 34.3%). In PCOS women with MS compared to PCOS 
women without MS, DEE was decreased (p˂0.001) and total energy intake increased (p<0.001). Unbalanced 
food groups intake was observed characterized by a significant decrease in the intake of cooked fruits and 
vegetables (p˂0.001), wholes grains (p=0.002), dairy products (p=0.001), and a significant increase in the 
intake of sweetened products and saturated fatty acids (p˂0.001), and significant decrease in the 
consumption of monounsaturated fatty acids (p˂0.001). Moreover, we noted an increase in glucose 
concentrations (p=0.015), TG (p<0.001), TBARS (p= 0.033) and carbonyls (p=0.019). Decrease in SOD activity 
(p<0.001) and thiols amounts (p=0.032) was observed.  
Conclusion: Our study showed that the prevalence of MS was higher in women with PCOS, characterized by 
an unhealthy lifestyle and oxidative stress. To prevent type 2 diabetes and cardiovascular disease, 
Mediterranean diet and physical activity are the most appropriate support. 
keywords: Metabolic syndrome, Polycystic Ovary Syndrome, Food behavior
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Background: Coffee consumption has been linked to lower risk of type 2 diabetes (T2D). However, underlying 
mechanisms linking coffee consumption and T2D risk remain unclear. It has been hypothesized that effects 
on systemic inflammation may play a role. 
Objectives: We investigated associations of coffee consumption with repeated measures of insulin resistance 
over time and risk of T2D. We studied classic and novel T2D-related markers of inflammation as potential 
mediators linking habitual coffee consumption and T2D risk. 
Methods: Participants from the UK Biobank (UKB; n=145,370) and Rotterdam Study (RS; n=7,172) were 
included. We studied associations of self-reported habitual coffee intake with incident T2D using cox 
proportional hazard models; with longitudinally measured insulin resistance (HOMA-IR) through mixed-effect 
models; with serum levels of inflammation markers using linear regression. We studied the mediating role of 
inflammation markers in association of coffee with incident T2D using causal mediation analysis. Models were 
adjusted for sociodemographic, lifestyle and health factors; and stratified by smoking status and coffee type. 
Results: Participants were aged 55.2 (UKB) and 65.1 (RS) years on average. The median follow-up was 7 (UKB) 
and 9 (RS) years. The modal coffee consumption was 0.5-2 cups/day (UKB) and 3-4 cups/day (RS). A one 
cup/day higher coffee intake was associated with: 4-6% lower T2D risk (RS Hazard Ratio (HR)=0.94 [95%-
Confidence Interval 0.90; 0.98]; UKB HR=0.96 [0.94; 0.98]); and with decreased HOMA-IR over time (RS β=-
0.017 [-0.024; -0.010]). Coffee consumption was also associated with lower C-reactive protein (CRP; RS β=-
0.014 [-0.022; -0.005]; UKBB β=-0.011 [-0.012; -0.009] and higher adiponectin (RS β=0.025 [0.007; 0.042]. 
Coffee-related CRP concentrations mediated 9.6% (UKB) and 3.4% (RS) of the total effect of coffee on T2D. 
Magnitude of the associations differed by coffee type and smoking status. In stratified analyses, habitual 
consumers of ground/filtered coffee had the lowest T2D risk (UKB HR=0.88 [0.83; 0.93]). Evidence for CRP 
mediation was found among never and former smoking groups, but not among current smokers. 
Conclusions: Coffee’s beneficial effects on lower T2D risk may be partially mediated by improvements in 
systemic inflammation. Among those who drink coffee, ground/filtered coffee may be of preference. 
 
Listed keywords: Phytochemicals; Food
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OBJECTIVE  
The objective of the present study was to examine longitudinal associations between diabetes or glycemic 
status and cognitive function.  
 
RESEARCH DESIGN AND METHODS 
We conducted a 2-year prospective cohort study (n =  6,874) within the framework of the PREDIMED-Plus 
study. The participants (with overweight/obesity and metabolic syndrome; mean age 64.9 years; 48.5% 



women) completed a battery of 8 cognitive tests, and a global cognitive function z-score (GCF) was estimated. 
Participants were categorized by diabetes status (no-diabetes, prediabetes, and < or ≥ 5 years diabetes 
duration), and control. At baseline, insulin resistance (HOMA-IR) and glycated hemoglobin (HbA1c) levels 
were measured. Linear and logistic regression models adjusted by potential confounders were fitted to assess 
associations between diabetes status, control or treatment, and changes in cognitive function or status.  
 
RESULTS  
Prediabetes status was not related to cognitive decline. Compared with participants without diabetes, those 
with ≥5-years diabetes duration had larger cognitive z-score decrements than those with less duration in the 
GCF (β = -0.11 [95%CI -0.16; -0.06]), processing speed and executive function measurements. Inverse 
associations were observed between baseline HOMA-IR and changes in the GCF (β= - 0.0094 [95%CI -0.0164; 
-0.0023]) and Digit-Span tests, but also between HbA1c levels and changes in the GCF (β = -0.0610 [95%CI -
0.0889; -0.0331]), the Mini-Mental test, and other executive function tests. Poor diabetes control was 
inversely associated with phonologic fluency. Sulfonylureas, but especially insulin use were related to 
cognitive decrements. 
 
CONCLUSIONS  
Insulin resistance, diabetes status, longer duration of diabetes, poor glycemic control, and insulin and 
sulfonylureas treatment were inversely associated with short-term higher cognitive decrements in a 
population at high cardiovascular risk.  
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Introduction. The association between ultra-processed food (UPF) and increased risk of diabetes and 
cardiometabolic disorders is an ongoing concern. However, different food processing-based classification 
systems have given rise to discrepancies in the definition of UPF among studies and their impact on health. 
Objectives. To test the impact of food classification system choice on the association between consumption 
of UPF and cardiometabolic and glucose metabolism traits. 
Methods. We used baseline data from 5,636 participants (48.5% female and 51.5% male, mean age 65.1 ± 
4.9) of the Spanish PREDIMED-Plus (“PREvention with MEDiterranean DIet”) trial. Subjects presented with 
overweight or obesity (27 ≤ BMI ≥ 40 kg/m2) and met at least three metabolic syndrome (MetS) criteria. Food 
items from the 143-food frequency questionnaire were classified according to four food processing-based 
classifications: NOVA, International Agency for Research on Cancer (IARC), International Food Information 
Council (IFIC) and University of North Carolina (UNC). Mean changes in cardiometabolic and glucose 
metabolism traits were assessed at baseline according to quintiles of UPF consumption for each system. The 
association between UPF consumption and outcome variables was assessed using linear regression analysis. 
The concordance of the different classifications was assessed with intra-class correlation coefficients (ICC3). 
Results. The highest UPF consumption was obtained with the IARC classification (45.9%) and the lowest with 
NOVA (7.9%). Subjects with high UPF consumption showed a poor dietary profile (high in saturated fats, 
sodium and simple sugars and low in fiber and omega-3 fatty acids). We detected a direct association between 
UPF consumption and BMI (p = 0.001) when using the NOVA system, with fasting glucose levels (p = 0.034) 
with UNC, and with glycosylated hemoglobin in the case of IARC (p = 0.036). The overall ICC3 was 0.51, with 
NOVA pairwise comparisons having the lowest ICC3s. 
Conclusions. UPF consumption was associated with poor nutritional quality. Food classification 
methodologies markedly influenced the association between UPF consumption and cardiometabolic risk 
markers. 
Keywords: food, dietary patterns
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Introduction. Consumption of ultra-processed food (UPF) is associated with an increased risk of non-
communicable diseases (NCDs) such as obesity and diabetes. However, epidemiological studies rely on the 
estimation of UPF consumption from food-frequency questionnaires (FFQ) that are not specifically developed 
for this purpose, and this estimation varies substantially with the food processing-based classification system 
used. 
Objectives. To develop a new, short UPF consumption questionnaire comparable with the existing UPF 
classification systems. 



Methods. Baseline data from 4,306 participants (48.3% female and 51.7% male, mean age and SD: 64.9 ± 4.9) 
of the Spanish PREDIMED-Plus (“PREvention with MEDiterranean DIet”) trial was included for this analysis. 
Items from the validated FFQ were classified according to four main food processing-based classification 
systems (NOVA, IARC, IFIC and UNC). Subjects classified in the extreme tertiles of UPF consumption according 
to, at least, two systems were selected. Food groups associated with the higher tertile agreement were 
chosen as items for the questionnaire using binomial logistic regression. ROC analysis was used to determine 
cut-off points for frequency of consumption of each selected item, from which a UPF score was calculated. 
Internal consistency of the questionnaire was assessed through exploratory factor analysis (EFA) and 
Cronbach’s analysis, and concordance with the four classifications was assessed with intra-class correlation 
coefficients (ICC3). 
Results. A final solution of 14 food groups was selected as items for the questionnaire. Questionnaire-
estimated UPF consumption (UPFq) was calculated through linear regression analysis using UPF score as the 
dependent variable.  EFA resulted in a single underlying factor identified by the items, namely the “UPF dietary 
pattern”, and all items were representative contributors of that pattern (factor loadings around 0.3). 
Cronbach’s α was 0.67. The overall ICC for the comparison of tertiles of UPFq and the four systems was 0.62. 
Significant changes in cardiometabolic markers were detected across tertiles of UPFq. Diabetic subjects 
presented differential consumption of questionnaire items. 
Conclusions. Our new UPF questionnaire is a quick and useful tool to measure UPF consumption and classify 
subjects accordingly. This may be a valuable instrument to study the relationship between UPF consumption 
and NCDs, including diabetes. 
Keywords: food, dietary patterns.
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Introduction: Whether high dairy consumption is related to type 2 diabetes is still unclear, and additional 
studies of prospective cohorts with high-quality dietary data from populations with wide consumption ranges 
are needed.  
Objectives: To examine the association between dairy consumption and type 2 diabetes risk in a Swedish 
cohort. 
Methods: Among 26,190 participants without diabetes and cardiovascular disease from the population-based 
Malmö Diet and Cancer cohort, 3892 individuals developed type 2 diabetes during a mean follow-up time of 
19 years. Data on the intake of dairy (non-fermented milk, fermented milk, cheese, cream and butter) were 
collected from 7-day food records and food questionnaires.  
Results: High intakes of cream (p-trend=0.002), butter (p-trend=0.004) and fermented milk (p-trend=0.04) 
were associated with decreased risk of type 2 diabetes risk. Cheese showed a protective association only 
among women (p-trend=0.03). In contrast, a high intake of regular milk (mainly low-fat milk) was associated 
with increased risk (p-trend=0.003).  
Conclusions: Because dairy products differ in composition, it is important to examine them separately in their 
relation to health and disease. Increased risk of type 2 diabetes was mainly observed among participants 
consuming high amounts of high-fat dairy. 
 
Keywords: milk, epidemiology 
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THIS IS AN INVITED CONFERENCE 
The prevalence of obesity, insulin resistance and type 2 diabetes has steadily increased in the last decades. 
Interacting with host genetics and environmental factors, the gut microbiota may play an important role in 
the modulation of intermediary phenotypes leading to metabolic disease. In fact, obesity and type 2 diabetes 
are known to be associated with specific changes in gut microbiota composition which influences energy 
harvest from the diet, changes in host gene expression, energy expenditure and storage, and alterations in 
gut permeability. The study of different mouse models identified shifts in microbial gene richness associated 
with cognitive function. In humans, plasma and fecal levels of aromatic amino acids, their catabolites, and 
vegetable-derived compounds were longitudinally associated with short-term and working memory. 
Functionally, microbiota transplantation from human subjects with obesity led to decreased memory scores 
in mice, aligning this trait from humans with that of recipient mice. Thus, gut microbiota could constitute a 
target to influence cognition through changes in diet composition.
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Introduction: Menopausal transition is a critical period for women, they undergo various changes that affect 
their quality of life. The menopausal transition is independently associated with an increase in fat mass, 
especially in the abdominal region, women undergo, metabolic and biochemical changes which increase the 
risk of type 2 diabetes (T2DM). Objective: To evaluate the impact of climacteric symptoms, sleep quality on 
quality of life and food behavior in diabetes women on menopausal transition. Methods: Eighty women (48 
± 3 years) in menopausal transition participated to the study. Women were divided into 2 groups; type 2 
diabetic group (T2DM; n=31) and control group (C; n=49). All women were interviewed by an adapted 
questionnaire. Menopausal symptoms and quality of life were assessed by the menopause rating scale (MRS), 
sleep quality by the Pittsburgh Sleep Quality Index (PSQI) and food consumption by the 24h Recall and Record 
method. Results: The score of perimenopausal symptoms; hot flushes and sweating (2.7± 1.3, p= 0.008) heart 
discomfort (2.3± 1.2, p= 0.02), sleeping problems (2.6± 1.2, p= 0.000) joint and muscular discomfort (3.5± 0.5, 
p= 0.007) depressive mood (2.9± 1, p= 0.006), were significantly higher in T2DM group compared to control 
group. No significant differences were noted for physical and mental exhaustion, bladder problems and 
vaginal dryness. MRS Score (T2DM; 26.6± 5, p= 0.000) and PSQI Score (T2DM; 9± 3, p= 0.000) were higher in 
diabetes group compared to C, which indicates altered sleep quality and quality of life. Increase in total energy 
intake (TEI) was observed in (T2DM; 1607± 540 Kcal) compared to C (1565± 411Kcal). Protein intake was 
decreased in the (T2DM; 12% of TEI) than C (13.5% of TEI). In both groups (T2DM= 64.5% of TEI) and (C = 64% 
of TEI) carbohydrates intake were higher than the recommended diet (50-55%). Lipids intake were higher in 
T2D (25% of TEI) compared to C (20% of TEI). Conclusion: Sleep disturbances and quality life were altered in 
diabetes women on menopausal transition. Lifestyle intervention, including diet and exercise, constitutes the 
cornerstone for diabetes prevention and management in postmenopausal women. 
Key words: lifestyle, food behaviour.
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Introduction: Menopausal transition is a critical period for women, they undergo various changes that affect 
their quality of life. The menopausal transition is independently associated with an increase in fat mass, 
especially in the abdominal region, women undergo, metabolic and biochemical changes which increase the 
risk of type 2 diabetes (T2DM). Objective: To evaluate the impact of climacteric symptoms, sleep quality on 
quality of life and food behavior in diabetes women on menopausal transition. Methods: Eighty women (48 
± 3 years) in menopausal transition participated to the study. Women were divided into 2 groups; type 2 
diabetic group (T2DM; n=31) and control group (C; n=49). All women were interviewed by an adapted 
questionnaire. Menopausal symptoms and quality of life were assessed by the menopause rating scale (MRS), 
sleep quality by the Pittsburgh Sleep Quality Index (PSQI) and food consumption by the 24h Recall and Record 
method. Results: The score of perimenopausal symptoms; hot flushes and sweating (2.7± 1.3, p= 0.008) heart 
discomfort (2.3± 1.2, p= 0.02), sleeping problems (2.6± 1.2, p= 0.000) joint and muscular discomfort (3.5± 0.5, 
p= 0.007) depressive mood (2.9± 1, p= 0.006), were significantly higher in T2DM group compared to control 
group. No significant differences were noted for physical and mental exhaustion, bladder problems and 
vaginal dryness. MRS Score (T2DM; 26.6± 5, p= 0.000) and PSQI Score (T2DM; 9± 3, p= 0.000) were higher in 
diabetes group compared to C, which indicates altered sleep quality and quality of life. Increase in total energy 
intake (TEI) was observed in (T2DM; 1607± 540 Kcal) compared to C (1565± 411Kcal). Protein intake was 
decreased in the (T2DM; 12% of TEI) than C (13.5% of TEI). In both groups (T2DM= 64.5% of TEI) and (C = 64% 
of TEI) carbohydrates intake were higher than the recommended diet (50-55%). Lipids intake were higher in 
T2D (25% of TEI) compared to C (20% of TEI). Conclusion: Sleep disturbances and quality life were altered in 
diabetes women on menopausal transition. Lifestyle intervention, including diet and exercise, constitutes the 
cornerstone for diabetes prevention and management in postmenopausal women. 
Key words: lifestyle, food behaviour.
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Introduction: Polyphenols are bioactive compounds mainly found in plant-based foods. Their intake has been 
associated with a reduced incidence of chronic diseases such as type 2 diabetes (T2D) in human and animal 
studies.  
Objective: to examine the associations between the intake of total polyphenols and different groups of 
polyphenols on blood glucose and glycosylated hemoglobin (HbA1c) levels in participants in the PREDIMED-
plus trial (ISRCTN89898870) after one year of follow-up.  
Methods: Polyphenol intakes were calculated matching data from 143-item semi-quantitative food frequency 
questionnaires (FFQ) and the Phenol-explorer database, which contains comprehensive information about 
polyphenol content in foods.  
We used linear mixed-effects models to assess the association between changes of energy-adjusted 
polyphenol intake after one year and changes in glucose and HbA1c. Statistical analyses were performed with 
STATA software (version 16.1; StataCorp, College Station, TX, USA). All t-tests were two-sided and p-values 
below 0.05 were considered significant. 
Results: The present study was conducted on 5921 of the 6874 randomized participants (777 without FFQ 
and 176 with extreme energy values excluded), 51.8% men, with a mean age of 65±5 years. Of these, 31% 
had T2D at baseline and 46% had a pre-diabetic state. Mean total polyphenol intake at baseline was 856±274 
mg/day. Approximately 58% corresponded to flavonoids, 33% were phenolic acids, and the rest were 
stilbenes, lignans, and other polyphenols. In the fully adjusted models, the increase in flavonol, and lignan 
intake related inversely to glucose and HbA1c levels. Total flavonoids, flavones and stilbenes were also 
inversely associated with glucose, but not with HbA1c. 
Conclusions: Increased intake of some polyphenols is associated with lower levels of blood glucose and HbA1c 
in older adults with metabolic syndrome.. 
Fundings: this trial was supported ISCIII, through the Fondo de Investigación para la Salud (FIS), (PI13/00462, 
PI16/00501, PI19/00576). Additional grants: the Especial Action Project and the Recercaixa-grant 
(2013ACUP00194); the European Research Council (Advanced Research Grant 2014-2019;340918); 
Consejería-Salud, Junta de Andalucía (PI0458/2013; PS0358/2016), PROMETEO/2017/017-grant; SEMERGEN 



grant and FEDER funds (CB06/03); CICYT  [AGL2016- 75329-R], ICREA under the ICREA Academia programme-
JS-S. Consortium  CIBER, CIBEROBN is an initiative of ISCIII, Spain. 
Keywords: epidemiology, diet.
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Distinct associations of plasma methionine and cysteine with regional fat 
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Introduction: Sulfur amino acids (SAAs), including the essential amino acid methionine and its main derivative 
cysteine, have been associated with obesity and related metabolic diseases, including type 2 diabetes (T2D). 
However, it is not known whether SAAs are related to specific patterns of fat distribution.    
Objectives: To examine the relationships of plasma methionine and total cysteine with measures of obesity, 
body fat distribution and liver fat in two cross-sectional studies enriched with (pre)diabetic individuals: the 
CODAM cohort (n=478, 61.5% men, 67±7 yrs) and The Maastricht Study (DMS; n=424, 54.7% men, 61.6±8.7 
yrs). 
Methods: Fasting SAAs were measured in EDTA plasma using LC–MS/MS. Main outcomes included BMI, waist 
circumference, trunk subcutaneous or visceral fat (CODAM and DMS), DXA-derived body composition (DMS), 
a liver enzyme score calculated from the standardized plasma levels of the three liver enzymes AST, ALT and 
GGT (CODAM), fatty liver on ultrasound (CODAM) and liver-fat percentage on MRI (DMS). Associations were 
examined with linear or logistic regressions, as appropriate, with z-standardized primary exposures and 
outcomes, and adjusted for relevant confounders related to cohort structure, demographics, lifestyle 
(including protein and alcohol intake, and physical activity), and lean mass (not available in CODAM).  
Results: In CODAM, methionine was associated with liver enzyme score (β=0.24; 95% CI: 0.14, 0.36) and fatty 
liver (OR=1.49; 1.19, 1.88), but not with any measure of obesity. Cysteine was associated with BMI (β=0.19; 
0.09, 0.28), waist (β=0.17; 0.08, 0.25) and subcutaneous fat (β=0.15; 0.05, 0.24), but not with visceral fat or 
fatty liver. In DMS, methionine, but not cysteine, was associated with liver-fat percentage (β=0.13; 0.01, 0.26). 
Cysteine was associated with BMI (β=0.11; 0.02, 0.19) and gynoid fat (β=0.14; 0.06, 0.22), but not with waist 
circumference, subcutaneous, visceral or android fat. 
Conclusions: Methionine and cysteine showed distinct associations with different fat depots, which were 
similar between studies. Methionine was associated with liver fat, implicated in the development of insulin 
resistance and T2D. By contrast, cysteine was associated with BMI and peripheral fat depot. These results call 
for further investigation on the role of SAAs in regional fat distribution and their relationship with T2D. 
Keywords: Macronutrients, Omics 
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No differences in postprandial serum and plasma BDNF concentrations 
after meals rich in fat, carbohydrate, or protein 
Ms. Elske Gravesteijn1, Ronald P. Mensink1, Ellen T.H.C. Smeets1, Jogchum Plat1 

1Maastricht University, Maastricht, The Netherlands 

Introduction: Brain-derived neurotropic factor (BDNF) plays a role in cognition and metabolism. Specific 
nutrients can affect fasting BDNF concentrations, which are potentially mediated by insulin and/or glucose. 
Objectives: Since macronutrients trigger each a different insulin and glucose response, we examined 
postprandial effects of meals rich in fat, carbohydrate, or protein on BDNF concentrations. BDNF was analyzed 
in serum and plasma, since concentration differences can be found between matrices. Methods: Healthy 
overweight/obese male subjects (n=18) participated in this randomized, double-blind, cross-over trial 
consisting of three test days with 1 week wash-out periods. Either a high-fat (En% fat, carbohydrates, protein: 
52.3, 39.2, 8.0), high-carbohydrate (En% 9.6, 81.5, 8.6) or high-protein meal (En% 10.6, 51.5, 36.9) was 
consumed on each test day. BDNF concentrations were measured after 0, 60, and 240 min. Glucose and 
insulin concentrations were measured after 0, 15, 30, 45, 60, 90, 120, and 240 min. Results: BDNF 
concentrations were higher in serum compared with plasma (P<0.001). Postprandial BDNF concentrations in 
serum decreased significantly after the high-fat (P=0.013) and high-carbohydrate meals (P=0.040), and 
showed a trend after the high-protein meal (P=0.076). No differences were found between meals (P=0.66). 
Postprandial BDNF concentrations measured in plasma did not significantly change after the different meals 
(P=0.47). As total area under the curves (AUC) for glucose was significantly higher after the high-carbohydrate 
meal compared with the high-fat (P=0.003) and high-protein meals (P<0.001), and the total AUC for insulin 
was higher after the high-carbohydrate (P<0.001) and high-protein meals (P<0.001) compared with the high-
fat meal, it seems that acute changes in glucose and insulin do not affect postprandial BDNF concentrations. 
However, after the high-protein meal, the higher total AUC for glucose correlated with lower serum BDNF 
concentrations, and a higher maximal increase in glucose correlated with a lower maximal increase in plasma 
BDNF concentrations. There were no correlations with insulin concentrations after either meal. Conclusions: 
Serum BDNF concentrations were higher than plasma concentrations. Since postprandial BDNF responses 
were not different between the meals, we conclude that there is no role for insulin or glucose in regulating 
postprandial BDNF concentrations. Fundings: not applicable Keywords: macronutrients, dietary patterns
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In the last years, polyphenols and other bioactive compounds have been proposed as new potential 
approaches to treat and prevent several metabolic pathologies such as obesity or type 2 diabetes. However, 
there low studies in vivo defining their effects when they are administered outside of their natural dietary 
matrix or their role as a nutritional supplement.  
In this study, C57BL/6J mice were fed with a high-fat diet (HFD, 45% in Kcal) supplemented or not with isolated 
polyphenols that were mixed with the diet. The nutritional intervention was maintained for 26-week and 
food/liquid intake and body weight were recorded twice a week.  
Our results indicate that the addition of isolated polyphenols to the HFD produces both a significant increase 
in animal weight gain and of their kcal intake. Moreover, isolated polyphenols mixture worsens the response 
to glucose and insulin and alters kidney function. Mice fed with isolated polyphenol supplemented HFD 
showed higher oxidative stress mainly in the kidney and to a lesser extent in the liver as well as an 
upregulation of the Kidney injury molecule 1 (Kim-1). Finally, polyphenols supplemented mice displayed 
higher mRNA levels of lipocalin 2 (lcn2) and lower adiponectin. Lipocalin-2 (Lcn2) is an iron carrier protein 
whose circulating levels are increased in different pathological states mainly by kidney injury, bacterial 
infection, aging, and inflammatory status but it has been also designed as a powerful adipokine mediator of 
insulin resistance. On the other hand, adiponectin is a protein that positively modulates a large number of 
metabolic processes including glucose regulation and fatty acid oxidation, resulting in an improvement in 
whole-body energy homeostasis. In this case, it is observed that supplemented mice that have renal damage 
and worse glucose and insulin resistance, also present a significant inverse correlation between adiponectin 
and Lcn2.  
Globally our data suggest that the administration of a mixture of isolated polyphenols within a HFD has a 
deleterious effect on the kidney that can be responsible for the worsened effect of a HFD intake.  
 
Keywords: polyphenols, kidney damage 
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Rosa canina is a type of wild rose very abundant in the Pyrenees that contains a high content of vitamin C, 
galactolipids, and polyphenols. Rosehip has antioxidant, analgesic, and anti-inflammatory properties but also 
has shown anti-obesity effects both in animal models and in humans where rosehip extract inhibits body 
weight gain and decreased visceral fat. 
With the aim of defining the molecular mechanisms responsible for the effects of Rosa canina and by 
extension the polyphenol-rich foods, we investigated the effect of rosehip pulp within a HFD on the onset and 
progression of diet-induced obesity (DIO) in mice subjected to a high-fat diet (HFD) for 16 weeks. During the 
nutritional intervention, food/liquid intake and body weight were recorded twice a week. 
Our results indicate that rosehip dietary supplementation reduces body weight gain and ameliorates the 
insulin resistance caused by a HFD. Moreover, the subcutaneous white adipose tissue (scWAT) of rosehip 
supplemented mice shows smaller lipid droplets compared to HFD-fed mice. At the transcriptional level, the 
livers of supplemented mice displayed a lower expression of Fsp27b that would correlate with fewer lipid 
droplets as well as a downregulation of fatty acid synthase that would suggest less de novo lipogenesis. 
Our data, even preliminary, indicate that the dietary supplementation with rosehip flesh would improve some 
of the harmful metabolic effects of a HFD by reducing the scWAT lipid content and probably inhibiting the 
lipogenic pathway and the lipid droplets formation.  
 
Keywords: Rosehip, anti-obesity



 

112 

Effect of oats and oat-fiber on glycemic control in diabetes: A systematic 
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Introduction: Current approved health claims in Canada, US and Europe recognize the ability of oat ß-glucan 
to lower blood cholesterol; however, its ability to improve glycemic control is less certain.  
 
Objectives: We undertook a systematic review and meta-analysis of randomized controlled trials to update 
the evidence of the effect of oats and oat-fiber on markers of glycemic control in people with diabetes.  
 
Methods: We searched MEDLINE, EMBASE and Cochrane Library through September 2020. We included 
randomized controlled trials of ≥2-weeks investigating sources of oat ß-glucan on glycemic control in diabetes. 
Two independent reviewers extracted relevant data and assessed the risk of bias (Cochrane Risk of Bias 2.0). 
The outcomes were HbA1c, fasting plasma glucose (FPG), 2h-plasma glucose (2h-PG) from a 75g-oral glucose 
tolerance test, hepatic insulin sensitivity, and fasting plasma insulin (FPI). Data were pooled using the generic 
inverse variance method. Heterogeneity was assessed (Cochran Q) and quantified (I²). Pooled estimates were 
expressed as mean differences with 95% confidence intervals (CI). GRADE assessed the certainty of the 
evidence.  
 
Results: Eligibility criteria were met by 8 trial comparisons (N=407) in type 2 diabetes. No trials were identified 
in type 1 diabetes. Consumption of oat ß-glucan sources reduced HbA1c (MD=-0.49%, [95% CI: -0.83, -0.14], 
P=0.01, I²=80.96%, PQ<0.01), FPG (MD=-0.80 mmol/L [95% CI: -1.26, -0.35], P<0.01, I²=41.62%, PQ=0.10), 2h-
PG (MD=-0.67 mmol/L [95% CI: -1.05, -0.30], P<0.01, I²=94.09%, PQ<0.01) and hepatic insulin sensitivity 
(MD=-0.90 [95% CI: -1.61, -0.19], P=0.01, I²=56.40%, PQ=0.06). There was a non-significant reduction in FPI 
(MD=-4.10 pmol/L, [95% CI: -13.32, 5.12], P=0.38, I²=11.55%, PQ=0.34). The certainty of evidence was high 
for FPG, moderate for FPI (single downgrade for imprecision) and low for HbA1c, 2h-PG and hepatic insulin 
sensitivity (downgrades for inconsistency and imprecision). 
 
Conclusions: Current evidence provides a good indication that consumption of oat ß-glucan results in small 
but important improvements in glycemic control in type 2 diabetes. More high quality randomized trials are 
required to improve the precision of the pooled estimates. (ClinicalTrials.gov identifier, NCT04631913) 
 
Fundings: Quaker Oats Center of Excellence, Diabetes Canada, Banting & Best Diabetes Centre, Toronto 3D 
foundation 
 
Keywords: macronutrients, food 
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Introduction:  Formula low-energy diets (LED), used intermittently may assist weight-loss maintenance 
(WLM).  This study compared the efficacy of two options for usual care: total diet replacement 2 days/week 
(5:2TDR) and once-daily meal-replacements (DMR), delivered by dietitians as part of a structured WLM 
programme. 
 
Methods:  A randomised trial was conducted in five Scottish National Health Service areas.  The primary 
endpoint was the between-group difference in body weight change following randomisation after weight-
loss. Subsets completed qualitative interviews at 26-weeks.   
 
Results:  Individuals (n=63, 75% female, BMI range: 23-61kg/m²) with documented mean (SD) weight-losses 
16.8 (8.3) kg, achieved using either LED, behavioural programmes or pharmacotherapy, were randomised, 
n=33 to 5:2TDR and n=30 to DMR.  At 26-weeks, 32 (97%) 5:2TDR and 29 (97%) DMR, provided data for 
analysis.  Mean (SD) pre-study weight-losses were similar between groups: 5:2TDR 15.0 (6.9) kg, DMR 18.8 
(9.3) kg, p=0.056.  After 26-weeks WLM there was further weight-loss from baseline -0.9 kg (95% CI -2.9, 1.5 
kg) in the 5:2TDR group but regain with DMR 3.5 kg (95% CI 1.3, 5.5 kg); between group mean difference of -
4.4 kg (95% CI -7.3, -1.6 kg), p=0.005.  Mean (SD) maintained weight-losses at 26-weeks from pre-study 
maximum were similar: 15.8 (9.5) kg with 5:2TDR, 15.2 (10.5) kg with DMR, p=0.977.  There were no 
differences between groups in number of dietitian appointments, dietitian contact time, or LED sachets 
issued. Six dietitians and 25/63 (40%) participants completed qualitative interviews.  Both 5:2TDR and DMR, 
were well accepted by dietitians and participants.  Dietitians adapted the LED interventions to overcome 
social and environmental challenges experienced by participants, which appeared to aid intervention 
adherence.  At 78-weeks, 26 (79%) 5:2TDR and 19 (63%) DMR, remained in the study and mean (SD) 
maintained weight-losses from pre-study maximum were 12.2 (10.8) kg and 14.1 (4.9) kg, p=0579.  
 
Conclusions:  A structured WLM programme including dietitian support and LED can be effective at sustaining 
large initial weight-losses.  Using LED was more effective with 5:2TDR than DMR for preventing weight regain 
at 26-weeks.  But both LED treatments maintained mean weights >15kg below pre-treatment maximum. No 
differences were observed at 78-weeks between LED treatments.  
 
Formula-low-energy-diets, weight-loss-maintenance 
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Introduction: Seaweed is a promising candidate for type 2 diabetes mellitus (T2DM) prevention and treatment 
as its bioactive compounds have been shown to improve glucose tolerance and circulating lipid levels in 
mouse models and healthy humans. The scarce data in humans do not clarify if a similar effect occurs in 
patients with a dysregulated glucose metabolism.  
 
Objective: To determine if administration of the brown seaweed, Sargassum fusiforme (Sargassum) or Fucus 
vesiculosus (Fucus), can improve glucose regulation in overweight patients with T2DM. 
 
Methods: A placebo-controlled, randomized, multi-center trial, with three treatment arms, was performed 
including T2DM patients with a BMI > 25. Participants were randomly allocated to one of the arms, receiving 
either 5 gram Sargassum, 5 gram Fucus or a placebo of 0.5 gram Pyropia daily during 5 weeks. The primary 
study outcome was the between-group difference between average blood glucose levels during 5 weeks, 
measured by continuous glucose monitoring. Furthermore, time in range (TIR), post-prandial glucose, HbA1c 
levels, daily insulin use, bodyweight, BMI, energy intake, levels of total cholesterol, LDL-cholesterol, HDL-
cholesterol, lipoprotein (a), apoB100 and triglycerides were measured as secondary study outcomes. Data 
were analyzed using a linear mixed effects model. 
 
Results: The study population consisted of 37 T2DM patients, of which 63.3% were male, with an average age 
of 61.1 (±1.9 SEM) years, and an average disease duration of 13.0 (8-18 IQR) years. The average glucose levels 
over 5 weeks were not significantly different between control- and Sargassum (p=0.103) or Fucus group 
(p=0.689). However, a lower intake of antidiabetic drugs was seen in the placebo and Sargassum group. No 
effects were observed for body weight, energy intake and plasma parameters of cardiovascular health. 
 
Conclusions: This study showed that daily administration of 5 gram of Sargassum or Fucus did not affect 
average blood glucose levels, anthropometrics and blood lipids in overweight T2DM patients. Possible 
explanations of this lack of effect could be compliance with the intervention or a too low dosage of seaweed.  
Further research is needed on the effects of higher doses and possibly also other seaweed species on the 
metabolic health of people with T2DM. 
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Introduction: Type 1 diabetes in pregnancy is associated with suboptimal outcomes affecting mother and 
child, including pre-eclampsia, extremely large-for-gestational age (ELGA) and neonatal hyperglycaemia.  
Dietary modification is fundamental to the management of diabetes in pregnancy, but optimal dietary choices 
to minimise materno-fetal complications are unclear.  
Objectives: We aimed to assess substrate availability and metabolic function in type 1 diabetes pregnancy 
using metabolomic assessment of maternal and cord blood. A further aim was to identify patterns of 
metabolic function which were associated with suboptimal materno-fetal outcomes.   
Methods: Women who were pregnant or planning pregnancy were recruited during the continuous glucose 
monitoring in women with type 1 diabetes in pregnancy trial (CONCEPTT). Serum samples from 162 mothers 
(at 12, 24 and 34 weeks’ gestation) and 93 cord blood samples were analysed for 1049 metabolites and 1041 
lipids using ultra-performance liquid chromatography-tandem mass spectroscopy. We used adjusted and 
unadjusted logistic regression of metabolomic variables using adjudicated outcomes: ELGA; (birthweight 
>97.5th centile), pre-eclampsia and neonatal hypoglycaemia with modified Bonferroni false discovery rate 
p<0.001.   
Results: All materno-fetal complications studied were associated with reliance on non-carbohydrate sources 
of fuel. Lipids through beta oxidation were the main fuel source in ELGA (24 and 34 weeks), neonatal 
hypoglycaemia (12 weeks only) and pre-eclampsia (12 and 24 weeks). Marked protein catabolism was evident 
in neonatal hypoglycaemia (34 weeks) and pre-eclampsia (24 and 34 weeks). Cord blood in ELGA infants 
showed evidence of simultaneous beta oxidation and de novo lipogenesis, a biologically futile cycle of creating 
and destroying lipids, which consumes excess energy and substrate. Cord blood from infants with neonatal 
hypoglycaemia showed evidence of pronounced protein catabolism providing glucogenic amino acids for 
gluconeogenesis. 
Conclusions: Reliance on lipid or protein sources for fuel was associated with ELGA, neonatal hypoglycaemia 
and pre-eclampsia. Carbohydrate metabolism was insufficient to meet cellular energy demands, possibly due 
to insufficient insulin, insufficient dietary carbohydrate or both. Improving outcomes in type 1 diabetes 
pregnancy may require greater focus on normalising carbohydrate metabolism through optimal carbohydrate 
intake and matched insulin dosing. 
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FGF21 has been identified as a key mediator in the metabolic response to an amino acid or protein intake 
deficiency. We previously described that under amino acid-deficient diets or low protein diets (LP), there is a 
reduction of de novo lipogenesis in the liver by the downregulation of Fatty acid synthase, and finally, 
increased expression of the thermogenic genes in brown adipose tissue (BAT) and white adipose tissue (WAT). 
On the other side, obesity is a state in which circulating levels of FGF21 are elevated but seem to be less 
effective. 
The question is, what will be the impact of a protein reduction within a high-fat diet (HFD)? To address the 
impact of protein restriction within an HFD and the role of FGF21 in this impact, we evaluated the body weight 
gain, the calorie intake, and the glucose tolerance/insulin sensitivity during the 10-week intervention in mice 
fed with an HFD or a HFD-LP. Then we analyze the FGF21 expression and signaling and the metabolic profile 
of these animals in both LoxP and LFKO mice. 
Our results indicate that protein restriction partially requires FGF21 to prevent body weight gain induced by 
a HFD and improve insulin sensitivity. As in LP diet intervention, the HFD-LP increases the hepatic expression 
of FGF21 and its circulating levels as well as the Ucp1 expression in subcutaneous WAT and BAT.  
Globally our data suggest that FGF21 is affecting food intake to control the body weight progression under a 
HFD-LP diet. One of the most important results of this work is the improvement of insulin resistance in HFD-
LP fed mice. The amelioration of insulin resistance in obese individuals has been related to changes in the 
depots of adipose tissue and in energy expenditure capacity. The upregulation of Ucp1 expression in adipose 
tissue depots may explain this improvement in glucose metabolism in mice with diet-induced obesity. 
 
Keywords: Low-protein diets, FGF21
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Type 2 diabetes mellitus (T2DM) accounts for 90% of diabetes cases worldwide and one of the main risk 
factors for its development is obesity. In the last years, it shows a gut microbiota dysbiosis in individuals with 
obesity and T2DM. However, recent studies suggest that drug as metformin alters the composition and 
functional potential of gut microbiota, interfering with the diabetes-related microbial signatures. It is, 
therefore, of great interest to study the gut microbiota of individuals in a prediabetic state with the objective 
of determining microbial changes to detect early stage of disease. To date, few studies have been carried in 
this sense.   
For all that, the objective of this work has been studying the gut microbiota of obese individuals in a 
prediabetic state. Gut microbiota of obese individuals with normal glucose regulation levels have been also 
analysed. 
40 adults, males and females, aged 45 to 70 years, with BMI over 29.9 from northwest Spain were included 
in the present study. Volunteers with any history of gastrointestinal disorders and had avoided probiotics, 
prebiotics (supplements) and antibiotics for at least 2 months prior the study were selected. 
Fecal samples were collected from every individual using a sterile container and stored at -20ºC until DNA 
extraction. 16S hypervariable regions were amplified with two sets of primers (V2-4-8 and V3-6-7-9) to 
prepare the libraries using the 16S Metagenomics kit (Thermo Fisher). Libraries were barcoded using the Ion 
Plus Fragment Library kit (Thermo Fisher Scientific) following the manufacture’s recommendation. 
Afterwards, quantification, enrichment and sequencing in an Ion S5 System (Thermo Fisher Scientific) was 
carried out. 
Sequence analysis was carried out using Qiime 2.0 software (v2020. 2) and statistic analysis was also 
performed. 
The obtained results indicated differences between the gut microbiota of prediabetic obese individuals and 
obese with normal glucose regulation, not only related to the diversity, but also in terms of relative abundance 
of bacteria. The results of this study, although in a preliminary way, indicate the potential use of the 
microbiota gut as a potential predictive tool for the T2DM in individuals in an early stage of disease. 
Keywords: 
Gut microbiota; Prediabetes
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Introduction: Pregnant women with diabetes, either gestational or pre-existing, have to make important 
changes in their lifestyle in order to maintain normal values of blood glucose. Hyperglycemia during 
pregnancy could have adverse effects on both the mother and the fetus. Healthy balanced diet, moderate 
physical activity and frequent self-monitoring of blood glucose are essential elements of successful diabetes 
management during pregnancy. Objectives: The aim of this study was to compare lifestyles of pregnant 
women with gestational diabetes mellitus (GDM) and pre-existing diabetes mellitus (PDM). 
Methods: This questionnaire-based study was conducted among pregnant women diagnosed with diabetes 
(GDM and PDM), who attended antenatal clinic in Plovdiv, Bulgaria. Data was collected using a self-
administered pre-validated questionnaire. Participants reported their demographics, nutritional habits, 
physical activity, frequency of self-monitoring of blood glucose, emotional status and harmful habits (e.g., 
smoking). A comparative analysis was performed on the two groups of pregnant women (GDM group and 
PDM group). Descriptive statistics and chi-square test were used to analyse data. 
Results: The study included 56 women with GDM and 36 women with PDM (types 1 and 2) aged between 24 
and 41 years. Differences were not reported between the two groups regarding demographics (p>0.05). In 
PDM group, 83.7% of pregnant women described checking blood glucose levels regularly, in contrast with 
26.8% of the women in GDM group (p<0.001). There were significant differences regarding nutritional habits 
- 91.1% of pregnant women with GDM reported eating healthy balanced meals compared with 62.2% in PDM 
group (p<0.001). Different dietary approaches have been outlined by pregnant women, including decrease in 
carbohydrates and low-glycemic index diet. The prevalence of sedentary lifestyle was 51.2% in PDM group 
and 41.1% in GDM group (p=0.330).  Physical activity habits were similar between both groups. Walking was 
the most preferred type of exercise. 
Conclusions: Our findings suggested that there is a need of additional information and lifestyle advice 
regarding healthy behaviors, adequate nutrition intake, weight management and physical activity. 
Appropriate diabetes self-management education can improve health outcomes in pregnant women with 
diabetes and may also provide long-lasting benefits to the mother and baby.  
Key words: pregnancy, lifestyle 
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Introduction: Postprandial metabolic abnormalities are considered important and independent 
risk factors for cardiovascular diseases. However, the effects of the consumption of low-glycaemic index (GI) 
foods on postprandial metabolism and the mechanism underpinning the effects on clinical variables have not 
been exhaustively explored.  
 
Objectives: To evaluate the differential effects of a12-weeks high- versus low-GI Mediterranean diet - similar 
for carbohydrates and fibre content - on fasting and postprandial lipid metabolism in non-diabetic individuals 
at high cardio-metabolic risk. 
 
Methods: Fifty-four subjects (32M/22 F), aged 30-69 years, BMI 25-37 kg/m2, with an increased waist 
circumference plus another component of the metabolic syndrome participated in a randomized, controlled, 
parallel group study. Participants were assigned to a low-GI (<55) or a high-GI (>70) Mediterranean diet for 
12-week. The diets were isocaloric and similar for macronutrients and fibre content. Blood samples were 
taken at baseline and at the end of the dietary intervention, both at fasting and for 8 hours after breakfast 
and lunch resembling the food choices of the assigned diet, to evaluate the lipid metabolism. The 
carbohydrate content was 40 g for breakfast and 60 g for lunch.  
 
Results: At baseline and after 12 weeks, the low-GI diet did not influence the plasma levels of total cholesterol, 
HDL and LDL cholesterol, and triglycerides compared to high-GI diet. In the postprandial period, the 4-hour 
post-breakfast profile of plasma triglycerides did not change after the consumption of the low as compared 
to high GI meals, both at baseline and after 12 weeks. However, at baseline the 4-hour post-lunch profile of 
plasma triglycerides was lower (45%) after the low compared to high GI meals. This effect was strongly 
confirmed after 12 weeks.  
 
Conclusions: The consumption of low GI foods in the context of mixed meals improves the postprandial 
triglycerides metabolism. This effect is maintained in the long term and even amplified, suggesting that GI 
foods improve in a sustained way postprandial metabolism in people with a high cardiometabolic risk. 
 
Fundings: Barilla, Italy 
 
Keywords: Glycaemic Index, Metabolic Response
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Introduction: 
Postprandial triglyceridaemia (PPT) has been recognised as a risk factor for the development of type 2 
diabetes mellitus (T2DM). The development of a new tool that reduces postprandial lipaemia could be useful 
to prevent or treat T2DM. Silicon (Si) is an essential micronutrient with antidiabetic properties. However, its 
metabolic effects, specifically on postprandial lipaemia, have not been completely clarified.  
Objectives: 
The objective is to evaluate the potential lipid-lowering effect of organic Si by assessing its in vivo effect of on 
PPT and triglycerides in faeces in healthy rats, and its inhibitory effect of in vitro pancreatic lipase activity. 
Methods: 
Twelve two-month-old male Wistar rats were divided into two groups: control and Si groups. Rats received 
once-a-day for a week an oral gavage containing the organic Si (2 mg/kg b.w.), or an identical correspondent 
volume of deionized water. Differences between the acute and the subchronic administration were also 
assessed. The inhibitory effect of in vitro pancreatic lipase activity was measured using 55 μg/mL of organic 
Si.  
Results: 
The results indicated that Si significantly decreased the 4 hours area under the curve of plasma triglycerides 
after an acute administration by 19.65% and after the subchronic administration by 31.26%. Consequently, Si 
tended to increase the faecal excretion of triglycerides from the first dose, reaching a significant increase of 
23.95% after the repeated administration. The hypotriglyceridaemic effect after a single dose suggests that 
Si may act inhibiting the enzymes responsible for fat digestion. Indeed, organic Si (55 μg/mL) reduced the in 
vitro pancreatic lipase activity by 19.02%. However, complementary mechanism should be implicated in the 
hypotriglyceridaemic effect of Si due to the additive significant reduction after a subchronic administration.  
Conclusions: 
We can conclude that Si can help to reduce PPT from the first dose, mainly sustained for the inhibition of the 
pancreatic lipase. Further research should be conducted to reveal other mechanisms involved. Our study 
demonstrates that organic Si may represent a relatively unexplored pharmacological/nutritional approach for 
the treatment of T2DM. 
Funding:  
This study was supported by Spanish project PID2019-103872RB-I00 
Keyworks:  
Organic silicon, type 2 diabetes mellitus. 
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Introduction: Limited evidence is available regarding effects of plant-based diets on cerebral blood flow (CBF), 
a physiological marker of cerebrovascular function, which could be a potential mechanism through which 
these diets improve cognitive performance. 
Objective: The primary aim was to assess longer-term effects of soy nut consumption on CBF in older adults. 
Changes in cognitive performance were also studied. 
Methods: Twenty-three individuals aged 64±3 (mean ± SD) years with a BMI of 25.9±2.7kg/m2 were included 
in a randomized, controlled, cross-over trial with a 16-week intervention period and an eight-week wash-out 
between intervention periods. Participants starting with the soy intervention received 67g of soy nuts daily 
providing 25.5g soy protein and 174 mg isoflavones or control period (no nuts). At the end of each period, 
CBF was assessed using arterial spin labeling magnetic resonance imaging. Cognitive performance was 
determined in the main cognitive domains using a battery of well-validated tests (CANTAB).  
Results: After the soy nut intervention, serum isoflavone concentrations increased (daidzein Δ 133 ± 
113ng/mL, P < 0.001; genistein Δ 456 ± 256ng/mL, P < 0.001), indicating good compliance. Regional CBF 
increases were observed in (1) left occipital and temporal lobe (Δ 36%, volume 11296mm3, P<0.001), (2) 
bilateral occipital lobe (Δ 32%, volume 2632mm3, P=0.002), and (3) right occipital and parietal lobe (Δ 47%, 
volume 2280mm3, P=0.005). These regions are involved in object recognition and visual information 
processing. A fourth cluster was located in the left frontal lobe (Δ 43%, volume 2120mm3, P=0.009), which is 
part of the ventral network that is also involved when performing psychomotor speed tests. Psychomotor 
speed improved as movement time reduced by 7% (P=0.005), while no changes were observed in executive 
function or memory.  
Conclusions: A longer-term soy nut intervention increased regional CBF in older adults. These effects may 
underlie the observed improvements in psychomotor speed. 
 
Keywords: Aging, cerebrovascular function, cerebral blood flow, cognitive performance, dietary patterns, 
food, soy nuts. 
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Introduction: Silicon (Si) is a natural and essential micronutrient which exerts various physiological benefits 
including its anti-hyperglycemic activity. However, the molecular mechanisms governing these effects are still 
unclear.  
Objectives: The aim of this study was to test the hypoglycemic activity of Si as a bioactive compound 
incorporated in a formulated functional meat (RM), in order to prove its possible use as treatment in a late-
stage Type 2 Diabetes Mellitus (T2DM) rat model. 
Methods: Sixteen Wistar rats were divided into two groups fed the following experimental diets for 8 weeks: 
D group, high saturated fat-RM diet; and Si-D group, high-saturated-fat diet plus Si-enriched meat (Si-RM). 
T2DM late-stage was induced by 8 weeks of high-saturated-fat/high-cholesterol diet and an intraperitoneal 
injection of streptozotocin-nicotinamide (STZ-NAD). 
Results: The data obtained showed that Si-RM decreased fasting blood glucose (FBG) concentrations by 15.7% 
and improved both the insulin concentrations by 50.1%, and the HOMA-β index by 50%, indicating the 
enhancing of pancreatic β-cell function. Immunohistochemistry data suggested that the hypoglycemic effect 
of Si involves insulin-sensitizing mechanisms in liver by the activation of PI3K/Akt/GSK3 pathway. Si-RM 
increased at least two-fold insulin receptorβ (InsRβ) levels and affected the insulin signaling downstream, 
leading to glycogen synthesis. Moreover, Si-RM upregulated phosphatidylinositol-3-kinase (PI3K) levels and 
promoted the phosphorylation of protein kinase B (Akt) (two-fold level of D group). Lastly, Si-RM was also 
involved in the increase of serine 6 phosphorylation in glycogen synthesis kinase-3β (GSK-3β) which caused 
the inactivation of GSK3β, and, therefore, the increment in glycogen synthesis in T2DM rats. Consequently, 
hepatic glycogen content showed a rise about 2.7-fold in Si-D group compared to D group.  
Conclusions: In conclusion, Si-RM has demonstrated a positive effect on glycaemia, enhancing the hepatic 
insulin sensitivity. The hypoglycemic mechanisms of Si-RM may be related to promoting insulin signal 
transduction and activating PI3K/Akt/GSK3 mediated signaling pathways in T2DM rats. This research 
evidences Si-RM effects as a potential treatment approach for the characteristic hyperglycemia of T2DM. 
Funding: This study was supported by Spanish project PID2019-103872RB-I00  
Keywords: Silicon, Type 2 Diabetes Mellitus. 
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Introduction: Fructose providing excess calories has been shown to increase postprandial triglycerides.  
Whether this effect holds for different food sources of fructose-containing sugars is unclear.  
 
Objectives: To conduct a systematic review and meta-analysis of controlled feeding trials on the effect of 
different food sources of fructose-containing sugars at different levels of energy control on postprandial blood 
lipids in people with and without diabetes (NCT02716870). 
 
Methods: MEDLINE, EMBASE, and Cochrane Library were searched through Jan 1st, 2021 for controlled 
feeding trials ≥7-days assessing the effect of food sources of fructose-containing sugars on postprandial lipids. 
Trial designs were prespecified based on energy control: substitution (energy matched replacement of sugars 
by other macronutrients); addition (excess energy from sugars added to diets); subtraction (energy from 
sugars subtracted from diets); and ad libitum (energy from sugars freely replaced by other macronutrients) 
trials. Independent reviewers extracted data and assessed risk of bias. Outcomes included postprandial 
triglycerides and apoB48. Certainty of evidence was assessed using the GRADE approach. 
 
Results: We included 29 trials (60 trial comparisons, N=943) assessing the effect of 5 food sources (SSBs, fruit, 
sweets desserts and baked goods, added nutritive sweetener and mixed sources) across the 4 levels of energy 
control. Total fructose-containing sugars increased postprandial triglycerides in substitution (MD: 
0.17mmol/L [95% CI: 0.05,0.30], p=0.007), addition (0.38mmol/L [0.13,0.62], p=0.003), and ad libitum 
(0.17mmol/L [0.02,0.31], p=0.024) trials and increased apoB48 in addition trials (0.12g/L [0.07,0.18], 
p<0.001).There was evidence of interaction by food source with SSBs increasing postprandial triglycerides and 
apoB48 in addition trials and mixed sources increasing postprandial triglycerides in ad libitum trials. The 
certainty of the evidence was “moderate” for SSBs increasing triglycerides in addition trials and mixed sources 
increasing triglycerides in ad libitum trials and “low” for all other comparisons. 
 
Conclusions: Food source more than energy control appears to mediate the effect of fructose-containing 
sugars on postprandial lipids. Good evidence suggests that SSBs and mixed sources increase postprandial 
lipids while the evidence is less certain for the lack of effect of other food sources. More high-quality trials of 
different food sources are needed. 
 
Funding: Diabetes Canada, PSI Foundation, BBDC 
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Introduction: Lifestyle interventions including hypocaloric diet and exercise are the first choice weight loss 
strategy for overweight or obese individuals with type 2 diabetes (T2D). However, the additional effect of 
exercise on top of diet is not clear. 
Objectives: This systematic review and meta-analysis aimed to evaluate the added value of exercise in 
addition to hypocaloric diet on body weight, body composition, and metabolic health in this population.  
Methods: We searched Embase, Medline, Web of Science, and Cochrane Central databases and performed a 
meta-analysis on 10 available randomized controlled trials, covering 11 (sub)studies that compared the effect 
of hypocaloric diet plus exercise with hypocaloric diet alone in overweight/obese individuals with T2D. 
Outcomes were body weight, BMI, waist circumference, body composition, fasting glucose, and HbA1c. 
Results: Exercise interventions consisted of (brisk) walking or jogging, resistance training, football training, or 
cyclo-ergometer training, and had a median duration of 12 weeks (range 2-52 weeks). Meta-analysis showed 
an estimated mean difference of  1.04 kg [95% CI -2.39; 0.30] for weight (n=802), -0.48 kg/m² [95% CI -0.88;  
-0.08] for BMI (n=783), -1.74 cm [95% CI -4.73; 1.24] for waist circumference (n=635), -2.29 kg [95% CI -6.13; 
1.54] for fat mass (n=120), -0.16 kg [95% CI -1.43; 1.10] for fat-free mass (n=93), 0.20 mmol/l [95% CI 0.01; 
0.40] for fasting glucose (n=732), and -0.02 % [95% CI -0.22; 0.18] for HbA1c (n=802). There were limited data 
available on anti-diabetic medication. 
Conclusions: Adding exercise to a hypocaloric diet results in a further reduction of BMI, without showing 
additional benefit on body weight or body composition. The unexpected smaller reduction in fasting glucose 
by the combined intervention is hard to interpret without data on anti-diabetic medication. Adding exercise 
to hypocaloric diet has potential for beneficial health effects in people with overweight or obesity and T2D. 
More high quality studies are needed to confirm this. 
 
Keywords: lifestyle intervention, weight loss
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Introduction. In women diagnosed with breast cancer (BC), obesity, metabolic syndrome (MS) and diabetes 
increase the risk of cardiovascular disease, resistance to cancer therapy and disease recurrence. However, 
the Mediterranean diet (MedDiet) and low glycemic index (LGI) diets may be beneficial.  
Objectives. To evaluate the effect of a LGI MedDiet on cardiometabolic risk factors in women treated for BC. 
Methods. 227 women within one year of BC diagnosis, participating in DEDiCa study (NCT02786875), were 
randomized into one of two lifestyle treatments that included recommendations on a traditional MedDiet 
with LGI carbohydrates (group A) or recommendations on a traditional MedDiet with whole grains (group B). 
We assessed anthropometric and biochemical parameters by standard protocols at baseline and after 12 
months of treatment. 
Results. Improvements in cardiometabolic risk factors within each arm of the study were observed after 12 
months of treatment. Between group differences (0-12 months) were seen for: body weight (-3 kg in group A 
and 1.5 kg in group B; p<0.03) and BMI (-1.18 in group A and -0.58 in group B; p=0.02); HbA1c (0.05%  in group 
A and 0.18% in group B; p<0.03); LDL cholesterol (-12.5 mg/dl in group A and -6.3 mg/dl in group B; p=0.06) 
and HDL cholesterol (6.6 mg/dl in group A and 4 mg/dl in group B; p=0.05). 
Conclusions. Despite the participants were taking hormone-depleting cancer therapy which per se reduces 
basal metabolic rates, resulting in weight gain and raised cholesterol, glycemia and blood pressure, we 
observed greater improvements in cardiometabolic risk factors and lower rises in glycemic control with the 
LGI MedDiet. 
Fundings. Italian Ministry of Health (Grant n. PE-2013-02358099) and Lega Italiana per la Lotta Contro i Tumori 
(LILT) Progetto Cinque Per Mille 2013 and Progetto Cinque Per Mille 2015. 
Keywords. Lifestyle, Dietary patterns 
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Introduction: Diabetes is an epidemic with frightening numbers worldwide. Despite therapeutics 
advancement, it is still associated with reductions in life quality and expectancy. Therefore, new strategies 
are still needed. The aggregation of Islet Amyloid PolyPeptide (IAPP), a histopathological hallmark of the 
disease, is commonly overseen in therapeutics. Dietary (poly)phenols (PP), and their low molecular weight 
metabolites, have been associated with the inhibition of IAPP aggregation, representing a pool of compounds 
with great potential. 
 
Objectives: Determine the potential action of PP-metabolites, originated from human metabolism of PP-rich 
foods, towards the inhibition of IAPP aggregation. 
 
Methods: A library of PP metabolites was tested in docking studies with IAPP (structure 2L86 from Protein 
Data Base) using AutoDock Vina. The best hit was tested in cell-free systems using synthetic IAPP by Thioflavin-
T assays, Transmission Electronic Microscopy (TEM) and Filter Trap Assays. Metabolite-mediated protection 
was assessed in INS-1 beta-cells challenged with toxic IAPP aggregates by means of viability tests, Glucose 
Stimulated Insulin Secretion assays and flow cytometry. The molecular targets were determined by 
transcriptomic analysis. 
 
Results: In silico studies indicated ellagitannin metabolites, Urolithins (Uro), as the molecules with higher 
interaction, particularly UroB. The ability of UroB to interfere with the kinetics of IAPP fibril formation was 
validated in cell-free assays. Most importantly, UroB was shown to modulate the size and morphology of IAPP 
fibrils. In vitro, UroB protected against IAPP-induced cytotoxicity majorly by modulating calcium signaling 
pathways as revealed by transcriptomic analysis. Consistent with the central role of calcium signaling in insulin 
secretion, UroB increased insulin secretion in response to hyperglycemia. In addition, UroB attenuated 
oxidative stress in response to hyperglycemia and hyperlipidemia. 
 
Conclusions: UroB protects pancreatic beta-cells by interacting with IAPP and through mechanisms including 
the modulation of calcium signaling pathways, insulin secretion and cell antioxidant responses. Being UroB a 
bioavailable metabolite resulting from the consumption of ellagitannin-rich foods such as pomegranate, this 
study may open new venues for the exploration of dietary strategies contributing to diabetes control. 
 
Funding: The authors acknowledge the financial support received via PTDC/BIA-MOL31104/2017 from 
Fundação para a Ciência e Tecnologia to RM and PD/BD/135504/2018 to AFR.  
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