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A B S T R A C T   

Adults with central adiposity and other features of the metabolic syndrome have a markedly elevated risk of 
developing type 2 diabetes (T2D) and cardiovascular disease (CVD). A Mediterranean-style healthy eating 
pattern (MED-HEP) and consumption of foods with a lower glycemic index (GI) are potential dietary approaches 
to curb the T2D and CVD epidemic. However, experimental evidence of the effectiveness of MED-HEP and of the 
contribution of GI towards improving indices of glucose homeostasis, especially among non-diabetic people, are 
lacking. Therefore, we developed the MedGI-Carb trial, a multi-center (Italy, Sweden, and United States) 
intervention in adults with at least two components of the metabolic syndrome (elevated waist circumference +
one other component) that aims to improve markers of glucose homeostasis through dietary modification. All 
participants were randomized to consume an isocaloric high- or low-GI MED-HEP for 12 weeks. We hypothesized 
that indexes of insulinemia (primary outcome: postprandial insulin and glucose after standardized breakfast and 
lunch; secondary outcomes: fasting plasma glucose and insulin, HbA1c, 24-h continuous glucose monitoring) 
would be improved more with the low-GI versus the high-GI MED-HEP. Additionally, we hypothesized that 
consumption of a MED-HEP would improve other markers of cardiometabolic health and well-being (fasting 
blood pressure, fasting lipid profile, sleep quality, satiety, global metabolic alterations in the plasma metab
olome, changes in the gut microbiota, subjective health and well-being), with no difference between groups. 
Collectively, the design of MEDGI-Carb allows several different research questions to be explored. TRIAL 
REGISTRATION: ClinicalTrials.gov identifier: NCT03410719.   

1. Introduction 

The global burden of type 2 diabetes mellitus (T2D) ballooned from 
30 million in 1985 to 463 million in 2019 [1,2]. This is particularly 
troubling given the close association between T2D and cardiovascular 
disease (CVD) — the leading cause of morbidity and mortality in the 
United States and in many other Western countries [3]. The traditional 

medical establishment is struggling to handle this burden, necessitating 
redoubling research efforts to develop effective and sustainable lifestyle 
interventions — of which consuming healthier diets feature prominently 
— to curb this epidemic [4–8]. Postprandial glycemic and insulinemic 
responses are firmly implicated in the development of T2D and CVD [9, 
10]. Among factors influencing postprandial glycaemia, the glycemic 
index (GI) of the carbohydrate source is posited to play a central role 
[11]. However, the utility and relevance of the GI, particularly in the 
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context of a mixed diet for people without T2D, has been a subject of 
debate for decades [12–15]. Specifically, GI has been questioned on 
counts of: failure to consider the insulin response [16], the high intra- 
and inter-subject variation in glucose response to a food [17], and a loss 
of discriminating power when foods are combined in a mixed meal [18]. 
Given the shift towards increased focus on eating patterns rather than 
specific foods or nutrients, it is of relevance to determine the impact of 
different GI foods in the context of a healthy eating pattern (HEP), 
especially considering the benefits of a low GI diet may be less pro
nounced in the presence of other health-promoting dietary features 
[19]. 

One such healthy eating pattern is a Mediterranean-style (MED) HEP 
— a pattern broadly emphasizing intake of fruits, vegetables, olive oil, 
and moderate intake of animal products — which has recently been 
touted as a fount of cardiometabolic wellness and is recommended by 
the World Health Organization [20] and other governmental bodies 
[21]. There is ample evidence that the MED HEP effectively promotes 
cardiometabolic health and wellness [22,23], and reduces risk of 
developing T2D [24,25]. However, there is currently limited experi
mental evidence supporting a MED HEP, underscored by a notable 
paucity of evidence supporting this eating pattern in populations other 
than from the MED region. To our knowledge, there have been no 
studies where low GI foods have been combined with a MED HEP. 

Therefore, we developed a multi-center intervention study in adults 
with components of metabolic syndrome, i.e. at risk for development of 
diabetes, that aims to improve glycemic responses through modification 
of carbohydrate quality in the context of an overall healthy MED HEP. 
The purpose of the present study was to investigate differential effects of 
a low- vs high-GI MED HEPs on cardiometabolic health and well-being 
among participants with at least two features of the metabolic syn
drome, as they are at greater risk of developing T2D and CVD [26]. 
During the intervention, all participants consumed an energy-sufficient 
MED HEP (based on criteria to be designated as a USDA Healthy Med
iterranean Eating Pattern), differing only in the GI of half of the 
carbohydrate-foods provided in the diet. We hypothesized that the 
reduction in postprandial insulin and glucose responses would be 
greater for the low-GI versus high-GI MED HEP after the 12-week 
intervention. Additionally, we hypothesized that consumption of a 
MED HEP would result in comparable improvements in indices of car
diometabolic risk factors including fasting blood pressures, fasting 
serum lipid profile, glucose, insulin, hemoglobin A1c (HbA1c), and 24-h 
continuous interstitial glucose monitoring. Further, we plan to assess the 
potential for low-GI HEPs to differentially improve global metabolic 

alterations as detected in the plasma metabolome and composition of 
gut microbiota. 

2. Methods/design 

The MEDGI-Carb trial is an international multi-center randomized, 
controlled, parallel group, 15-week trial including a 3-week baseline 
testing period followed by 12 weeks of controlled dietary intervention 
(Fig. 1). This research study was initiated in January 2018 and the trial 
continued through December 2019. This study consisted of three centers 
at 1) Federico II University - Naples, Italy 2) Chalmers University of 
Technology - Gothenburg, Sweden, and 3) Purdue University - West 
Lafayette, IN, USA. This design allowed us to investigate the effects of GI 
in the context of a HEP in different settings and food environments. The 
study protocol was approved by the institutional review board of Fed
erico II University, the Regional Ethical Review Board, Gothenburg, 
Sweden, and the biomedical institutional review board at Purdue Uni
versity. This study is registered in the public trial registry Clinicaltrials. 
gov as NCT03410719. 

2.1. Experimental design 

During the intervention period, subjects consumed a controlled, iso- 
caloric weight-maintenance diet and were instructed to consume 
intervention-specific foods to achieve a low-glycemic or high-glycemic 
MED HEP (low-GI or high-GI, respectively). During baseline and post- 
intervention assessments, the diet, general health, sleep quality, fecal 
microbiota profile, and blood pressure were assessed. Outcome mea
surements were obtained on testing days to determine markers of 
glucose homeostasis by completion of an 8-h meal glucose tolerance test 
(MGTT) including both breakfast and lunch resembling food choices of 
the assigned diet, an oral glucose tolerance test (OGTT), and continuous 
glucose monitoring (CGM) at baseline, mid-point (only in USA), and 
post-testing. Follow-up data of eating pattern, sleep quality, and general 
health and well-being were collected either personally or via email or 
regular postal services 3 months after completion of the 12-week 
controlled intervention period. All subjects were instructed to main
tain their habitual types and levels of physical activities. 

2.2. Eligibility criteria 

The eligibility criteria were designed to select middle-aged and older 
adults at risk for developing CVD or T2D. Therefore, adults with waist 
circumference >102 cm (males) or > 88 cm (females) and one addi
tional feature of the Metabolic Syndrome according to ATP [III] [27]: 
including blood pressure >130/85 mmHg or taking medication to 
control high blood pressure, fasting plasma glucose 100–126 mg/dL, 
fasting triglycerides 150–400 mg/dL, HDL cholesterol <40 mg/dL 
(males) or <50 mg/dL (females), were recruited. Additional study in
clusion criteria were as follows: age 30–69 y, BMI 25–37 (kg/m2), 
weight stable (±3 kg in previous 3 months), no acute illness, no car
diovascular events (myocardial infarction or stroke) during the 6 
months prior to the study, not anemic (hemoglobin >12 g/dL), no renal 
or liver failure (creatinine <1.7 mg/dl and alanine amino
transferase/aspartate aminotransferase <2 times than normal values, 
respectively), not diabetic, not pregnant or lactating, not a vegetarian or 
consuming a diet incompatible with protocol diets, not smoking >20 
cigarettes per day, not involved in a stable intensive physical activity 
regimen (<3 h/week of moderate or high intensity resistance or aerobic 
exercise training), Subjects taking antihypertensive and statin drugs 
were asked to keep the type and dosage of medication unchanged 
throughout the study period, or to notify research investigators soon 
after physician-directed changes were made. 

Abbreviation list 

Abbreviation Meaning 
CGM Continuous glucose monitoring 
CV Coefficient of variation 
CVD Cardiovascular disease 
ESS Epworth Sleepiness Scale 
GI Glycemic index 
HEP Healthy eating pattern 
IPAQ International Physical Activity Questionnaire 
MED Mediterranean 
MGTT Meal glucose tolerance test 
NDSR Nutrient Data System for Research 
OGTT Oral glucose tolerance test 
PSQI Pittsburgh Sleep Quality Index 
TP Time point 
T2D Type 2 diabetes 
SF-36v2 Medical Outcomes Study 36-item short-form 

questionnaire  
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2.3. Recruitment 

Due to the different environments of the three centers, the recruit
ment and onboarding process varied by site. 

The Italian center: To reach potential participants, information on 
the study was sent to all University employees through the administra
tion’s profiling database, and by displaying some specific leaflets around 
the “Federico II” University Hospital. In addition, participants of pre
vious experimental studies were also invited to participate, as well as 
patients from hypertension, dyslipidemia and obesity clinics of the 
University Hospital. Participants who responded to advertisement were 
invited to the testing facilities of the Diabetes, Nutrition and Metabolism 
Unit for a screening visit in order to verify inclusion and exclusion 
criteria. The potential participants were invited to participate in the 
study. 

The Swedish center: Participants from the Swedish site were 
recruited via internet postings and advertising in the Gothenburg area. 
Participants were sought via the press, announcements and leaflets. 
Further detailed information about the study were sent by email or 
regular mail to all people who responded to advertisements. If possible, 
people interested in participation were contacted by e-mail or telephone 
for a pre-screening according to the inclusion/exclusion criteria and any 
interested volunteer who expressed willingness to participate in the 
study was scheduled for a screening visit at the clinical laboratory of the 
Department of Clinical Nutrition, Sahlgrenska Academy, University of 
Gothenburg, where the study was conducted. Anthropometric and blood 
pressure measurements were taken. A blood sample was drawn for 
analysis of health parameters needed for the evaluation of inclusion/ 
exclusion. Potential participants completed also a medical history 
questionnaire and demographic form. 

The United States center: Numerous mediums were used to reach 
potential participants. Physical advertisements such as flyers were 
posted around the greater Lafayette, IN area. Online advertisements on 
Purdue University websites were posted. A professional study recruit
ment service specializing in social media marketing was contracted 
(Trialfacts©, Australia). A multi-step process was used to recruit po
tential participants in this research study. Participants who responded to 
advertisement were sent a pre-screening form and the opportunity to 
provide consent for us to send them a medical history questionnaire to 

obtain more in-depth information. After reviewing both the prescreen
ing form and the completed medical history questionnaire, participants 
who qualified were invited to the testing facilities on the Purdue Uni
versity campus in West Lafayette, IN for a screening visit. Should par
ticipants qualify based on the additional information gained from the 
anthropometric and blood results collected from the screening visit, all 
information was sent to a study physician. Should the study physician 
deem it safe for a potential participant to proceed, the potential 
participant would be invited to enroll in the study. 

2.4. Informed consent procedure 

All procedures for obtaining consent were reviewed and approved by 
the Federico II University Institutional Review Board, Naples, Italy (IRB 
Protocol #175/17), the Regional Ethical Review Board, Gothenburg, 
Sweden (IRB Protocol #663–17), and the Purdue University Biomedical 
Institutional Review Board (IRB Protocol #1610018310). 

All potential participants were screened for eligibility and given 
opportunities to voice any questions or concerns. If a potential partici
pant qualified based on the results from the screening visit and physician 
review, they were invited to join the study. If the participant accepted 
the invitation, a study orientation day was scheduled where participants 
first reviewed the study-consent documentation with a researcher and 
were given opportunities to voice any questions or concerns. Pending 
any concerns, participants then signed a consent form with a data clause 
allowing researchers to analyze samples for variables not specified in the 
primary aims (e.g. this consent form would permit determination of 
triglycerides). 

2.5. Randomization 

A member of the research team at each of the three testing sites who 
was not involved in data collection or analysis generated the random 
allocation sequence and assigned subjects to the interventions. Each 
subject was randomly assigned to one of two dietary groups using either 
a stratified block pattern (Italy & US; n = 8, 10 blocks; 4 randomized to 
each group per block of 8, using an online randomization plan generator; 
http://randomization.com/) or mixed size of the block pattern (Sweden; 
4, 6, and 8 subjects per block in random block order; using Rstudio 

Fig. 1. Study Schematic of the MedGI-Carb-trial, a randomized single-blinded controlled trial assessing the effects of low-versus high-glycemic index in the context of 
a Mediterranean-style healthy eating pattern. CGM, continuous glucose monitoring; MGTT, meal glucose tolerance test; OGTT, oral glucose tolerance test. Blood 
panel includes complete metabolic panel (fasting glucose, GFR, etc.) and lipids & lipoprotein profile; questionnaires include the International Physical Activity 
Questionnaire, Health and Well-being (SF-36v2) Questionnaire, Pittsburgh Sleep Quality Questionnaire, Epworth Sleepiness Scale, and the Mediterranean Diet 
Assessment Tool. 
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software version 2.4.0 with package ‘blockrand’ version 1.3). The 
randomization code remained unrevealed until all participant testing 
and analyses of samples for a priori cardiometabolic outcomes were 
completed. 

2.6. Dietary assessment 

All participants completed a 14-item MED Diet Assessment Tool, 
adapted from the PREDIMED trial [28], to determine adherence to the 
MED HEP while consuming self-selected diets. Center-specific proced
ures for dietary assessments are provided below. 

The Italian center: Dietary intakes were assessed by a four-day di
etary record (three working days and one weekend day) at baseline and 
at weeks 4, 8, and 12 during the intervention, and 3 months after the 
intervention. Dietary-record data were entered into the Metadieta 4.0 
software (METEDA S.r.l., San Benedetto del Tronto, Italy) for determi
nation of food and nutrient intake assessed based on the Italian food 
composition table. 

The Swedish center: The subjects reported their food intake by four- 
day food records (three working days and one weekend day) with 
portion estimation at baseline and after 4-week of intervention, at post- 
testing week and 3 months after the intervention. To determine the 
nutritional composition of the reported food intake, the Dietist Net Pro 
software (Kost och Näringsdata AB, Bromma, Sweden) with nutrient 
information from the Swedish Food Composition Database, was used. 

The United States center: Dietary intakes were assessed via three-day 
dietary recalls on non-consecutive days during baseline weeks and 3 
months after completing the intervention. A registered dietitian at the 
Purdue Bionutrition center contacted participants at unannounced times 
to attenuate the observer effect (aka Hawthorne effect). Dietary recall 
data were entered into the Nutrient Data System for Research (NDSR; 
University of Minnesota, NCC. Minneapolis, MN) for determination of 
food and nutrient intakes. Healthy Eating Index of participant dietary 
recalls and sample menus were calculated by inputting NDSR outputs 
into SAS program code provided by the United States National Institutes 
of Health, National Cancer Institute (https://epi.grants.cancer.gov/h 
ei/sas-code.html). 

2.7. Dietary compliance 

During the 3-week baseline period, all subjects consumed their 
habitual, self-chosen, unrestricted diets. Throughout the 12-week 
intervention period, each subject was counseled to follow their 
assigned iso-caloric MED HEP using a combination of prescribed menus 
(breakfast, lunch, and snack eating occasions) and an item specific 
version of the ‘Dinner Recipe Builder’ for dinner. The ‘Dinner Recipe 
Builder’ bestowed greater freedom to participants with the goal of 
reducing burnout, allowing them to mix and match ingredients while 
still following a MED HEP. A sample ‘Dinner Recipe Builder’ (low-GI 
group) is provided in Supplemental Table 1. The two group-specific diet 
plans contained primarily the same foods and beverages typically 
included in MED HEPs (adjusted to local eating habits and food pref
erences), except for substitutions of major sources of starch in the meals: 
high-GI – jasmine rice, potato, mashed potatoes, cous-cous, wholegrain 
bread and rusks; low-GI – pasta, brown rice, flat bread, and wheat plus 
rye bread and seeds. All diet-related activities and assessments were 
performed in conjunction with the Indiana Clinical Research Center 
Bionutrition Facility at Purdue University, the Diabetes, Nutrition and 
Metabolism Unit at Federico II University of Naples and at the Clinical 
Nutrition facilities at Sahlgrenska Academy, University of Gothenburg. 

The overarching goals were to have all participants in both groups 
consume a MED HEP with the same quantities of metabolizable carbo
hydrate (270 g/d) and fiber, and sufficient total energy for weight 
maintenance. Higher or lower energy content was achieved through 
modulation of dietary fat and protein. One-half of daily carbohydrate 
(135 g) was the same between low-GI and high-GI groups, including 

carbohydrates in fruits, vegetables, and other foods that all subjects 
consumed. The other one-half of daily carbohydrate intake (135 g) was 
specific to the low-GI and high-GI groups. Specifically, 135 g of carbo
hydrate in the low-GI group came from foods with GI values < 55, while 
135 g of CHO in the high-GI group came from foods with GI values > 70. 
The intervention specific carbohydrates were distributed as 35 g at 
breakfast, 40 g at lunch, and 60 g at dinner. Dietary fiber was held at 35 
g/d (range of 32–38 g/d) for both intervention groups. The specific 
means of achieving dietary control varied slightly among centers, 
dependent upon their respective research infrastructure and participant- 
lifestyle considerations. Center-specific procedures to achieve dietary 
control are described below. 

The GI values of starchy foods included in the low- and high-GI diets 
were determined following the method described by the Food and 
Agriculture Organization/World Health Organization [29] and, later, 
applying the guidelines set up by the International Standards Organi
zation [30]. All the analyses were performed at the Department of Food 
Science (Nutrition Unit) of the University of Parma, Italy. A list of the GI 
of starchy foods utilized in the study is provided in Supplemental 
Table 2. 

The Italian center: Dietary counseling included group dinner meal 
preparation sessions every other week. All starchy foods (pasta, wheat 
plus rye bread and seeds, flat bread, brown rice for low GI diet, and 
wholegrain bread, jasmine rice, whole meal rusks, potatoes and mashed 
potatoes for high GI diet) and the extra virgin olive oil to be consumed 
throughout the study period were provided to participants free of 
charge. The individualized menus were developed by a registered die
titian, using Metadieta software (Meteda s.r.l., Italy). Menus were 
designed to meet criteria to be classified as a MED HEP [31]. Sample 
menus for both the low-GI and high-GI diets are provided in Supple
mental Table 3. Menu booklets provided to participants to help their 
food choices in agreement to the prescribed diet consisted of 7-d rotating 
menus with food items (in gram amounts) grouped into breakfast, lunch, 
dinner, and snack categories. The target energy intake for each partici
pant during the study is based on the energy equation for resting energy 
expenditure (MJ/d) according to LARN 2014 [32] multiplied with 
sedentary physical activity (PAL 1.45). Finally presented in total energy 
expenditure kcal/day. Five variants of the standard menu, ranging from 
1700 kcal/d to 3000 kcal/d, were available to address different energy 
needs of the participants. Energy adjustments were performed in case of 
± Δ 3 kg weight change at any point of intervention period. 

The Swedish center: Dietary counseling included group dinner meal 
preparation sessions every other week. All starchy foods (pasta, wheat 
plus rye bread and seeds, flat bread, brown rice, all bran flakes for low GI 
diet, and wholegrain bread, frasrost white bread, jasmine rice, whole- 
meal rusks, cornflakes, mashed potatoes and potatoes for high GI diet) 
and the extra virgin olive oil to be consumed throughout the interven
tion period were provided to participants free of charge during biweekly 
cooking sessions. Also, snacks such as: almonds, hazel nuts, shredded 
coconut, sunflower seeds, dried apricots, raisins and dried bananas were 
provided free of charge in connection with starchy foods. Subjects were 
limited to 3 servings of alcohol per week. Water and non-energy, 
caffeine-containing beverages were allowed ad libitum during the 
intervention. The individualized menus were developed by a registered 
dietitian, using Dietist Net Pro software (Kost och Näringsdata AB, 
Bromma, Sweden). Sample menus for both the low-GI and high-GI diets 
are provided in Supplemental Table 4. Menu booklets provided to par
ticipants to help their food choices in agreement to the prescribed diet 
consisted of 7-d rotating menus with food items (in portion estimation) 
grouped into breakfast, lunch, dinner, and snack categories. The target 
energy intake for each participant during the study is based on the en
ergy equation for resting energy expenditure (MJ/d) according to the 
Nordic Nutrition Recommendations 2012 [33,34] multiplied with 
sedentary physical activity (PAL 1.4). Finally presented in total energy 
expenditure kcal/day. Nine variants of the standard menu, ranging from 
1800 kcal/d to 3600 kcal/d, were available to address different energy 
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needs of the participants. Energy adjustments were performed in case of 
± Δ 3 kg weight change at any point of intervention period. 

The United States center: All study food was provided to participants 
during the 12-week intervention period. Dietary counseling included 
group dinner meal preparation sessions at baseline, conducted at a 
demonstration kitchen and using the ‘Dinner Recipe Builder’ as an in
struction tool. Subjects were provided with group-specific instructions 
for food preparation. Energy intake prescription was not modified 
(except in extreme cases; ± Δ 3 kg) during the first 4 weeks of the 
intervention period to allow for weight stabilization upon adoption of a 
new diet. The individualized menus were developed by a registered 
dietitian, using NDSR software (University of Minnesota, NCC. Minne
apolis, MN). Menus were designed to meet criteria to be classified as a 
USDA Healthy Mediterranean Eating Pattern. Sample menus for both the 
low-GI and high-GI diets are provided in Supplemental Table 5. The 
menu booklets provided to participants consisted of 7-d rotating menus 
with food items (in gram amounts) grouped into breakfast, lunch, af
ternoon snack, dinner, and evening snack categories. Participants were 
instructed to weigh the foods out and check them off in the menu 
booklets when they were consumed. Participants were permitted an 
optional serving of 5 oz. of red wine daily (not prescribed). Herbal 
seasoning of food, water, and non-energy, caffeine-containing beverages 
were allowed ad libitum during the intervention. At the evening meal, 
participants were instructed to circle one item from each row (or two, 
whereby they would split the gram amount) to consume from the 
‘Dinner Recipe Builder’. Each subject’s total energy requirement was 
estimated using the sex-specific equations for normal weight, over
weight or obese adults with a low activity level (physical activity co
efficients; male = 1.12; female = 1.16) [35]. The baseline menu was 
established with a daily energy intake of 2400 kcal/d. Five variants of 
the base menu, ranging from 2100 kcal/d to 3300 kcal/d, were offered 
to address different energy needs of participants. 

Intervention-specific foods were provisioned through an online su
permarket grocery ordering service [36]. Due to the flexibility built into 
the ‘Dinner Recipe Builder’ meal, participants were in frequent contact 
with a research staff member on their grocery requirements. Participants 
were given a grocery order sheet with a pre-filled in column of antici
pated grocery needs to adhere to the diet, as well as a column for actual 
needs to be filled in by the participant weekly. The research staff 
member would then review and process the grocery order into the online 
service. At a designated time, the research participant would pull into a 
parking space in the supermarket and their entire grocery order would 
be brought to their car. Subjects were provided with all foods, along 
with scales, measurement cups, measurement spoons, and a digital food 
scale. 

2.8. Compliance 

The center-specific procedures to document dietary compliance are 
described below. 

The Italian center: Adherence to diets was evaluated by a four-day 
dietary record at intervention weeks 4, 8, and 12 and was reinforced 
by the dietitians through bi-weekly counseling and weekly phone calls. 
Compliance for participants allocated to high or low GI diets were 
calculated as a percentage of the quantity of starchy foods ingested 
among those prescribed for the high or, respectively, the low GI diet, 
with partial credit assigned to incomplete ingestion of items. 

The Swedish center: Adherence to diets was evaluated by a four-day 
dietary records (after 4-week and at 12-week) and through the use of 
daily menu compliance checklists. Participants were instructed to check- 
off boxes next to the items they consumed during each day of the study 
in the 7-d rotating menu booklets. Participants were instructed to write 
in any deviations from the menus. Compliance was calculated as a 
percentage of all food items ingested, with partial credit assigned to 
incomplete ingestion of items. 

The United States center: During the intervention, dietary 

compliance was assessed formally using daily menu compliance check
lists and more crudely in real time through review of online grocery 
pickup service orders. The grocery orders were reviewed weekly for 
consistency with the study diet menus. Discrepancies were addressed by 
discussion with participants. Participants were provided with scales and 
measuring cups to weigh out portion sizes for each item on the menu (in 
grams). Participants were instructed to check off boxes next to the items 
they consumed during each day of the study in the 7-d rotating menu 
booklets. If an item was not completely consumed, participants were 
instructed to indicate what percentage of the item was ingested. Par
ticipants were instructed to write in any additional items consumed not 
part of the provided menus. Menu booklets were reviewed in full at the 
mid-point and post-testing weeks. Compliance was calculated as the 
percentage of all food items ingested, with partial credit assigned to 
incomplete ingestion of items. 

2.9. Cooking classes 

Participants were invited to cooking classes to help them learn to 
cook MED meals and increase self-efficacy in ability to follow an 
intensive dietary intervention. 

The Italian and Swedish centers: Participants were scheduled for 
their first cooking class in the baseline run-in weeks (after MGTT) in 
order to teach them the basic features of the prescribed MED HEP. 
Thereafter, the class was aimed at instructing participants on how pre
pare a wide variety of recipes utilizing the starchy foods appropriate to 
the assigned diet (i.e. pasta, rice, flat bread, cous-cous) in combination 
with other ingredients (i.e, fat, vegetables, protein sources, herbs) in 
amounts and combinations apt to get the necessary energy and nutrients 
intake. 

The United States center: Participants were scheduled for their first 
cooking class in the baseline run-in weeks. The class was designed to 
help participants prepare the ‘Dinner Recipe Builder’ meal. Participants 
were taught how to prepare a wide variety of recipes utilizing starchy 
foods appropriate to the assigned diet, and how to mix and match in
gredients on the ‘Dinner Recipe Builder’ to make a suitable meal. The 
first class was mandatory, whereby participants would demonstrate that 
they could effectively prepare meals to adhere to the dietary interven
tion. Given the wide spread of culinary experience among participants, 
the classes could be considered helpful or basic. Due to this variance, 
attendance to cooking classes beyond the first was encouraged, if helpful 
to participants, but optional. 

2.10. Clinical assessments 

Visits for clinical assessments included a meal glucose tolerance test 
(MGTT), and an oral glucose tolerance test (OGTT) (Fig. 2). Blood 
pressure, anthropometric assessments including waist circumference 
and body composition via air displacement plethysmography (USA) or 
bio-electrical impedance (Italy) were also scheduled to occur while 
participants were at the testing facilities. Prior to all testing days, par
ticipants were instructed not to eat or drink anything (except a small 
amount of water) from 10:00pm the evening before the visit. Partici
pants were counseled to refrain from vigorous physical activity for 48 h 
(24 h in Sweden) prior to testing days, avoid alcohol 24 h prior to testing 
days, and avoid caffeinated beverages the morning of testing days. After 
arriving at the testing facilities, participants would be seated in a chair/ 
bed to rest. A catheter was placed in an antecubital vein that remained in 
place for the remainder of the testing day. Blood pressure was taken in 
duplicate after 15 min of rest. If blood pressure measurements differed 
by more than 5 mmHg, a third measurement was taken. The blood 
pressure measurements were then averaged. 

2.10.1. Meal glucose tolerance test 
Participants reported for an 8 h MGTT during baseline, mid-testing 

(USA center only), and post-testing. Double-baseline fasting blood 
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samples were collected at the − 15 min time point (TP) and − 5 TP 
following 15 min of rest. At TP 0, the test meal was consumed in two 
parts, to better control pace of meal consumption. Subjects had 7.5 min 
to consume the first half of the meal, and 7.5 min to consume the second 
half of the meal. Eight ounces of water was included as part of the test 
meals in which subjects were required to consume during the 15 min. 
While the two group-specific dietary plans are adjusted to local eating 
habits and food preferences, the low-GI and high-GI test meals were 
strictly standardized across all three centers. Full test meal food and 
nutrient contents of the test meals are provided in Table 1. 

Blood samples were collected immediately following the test 
breakfast meal (TP+15) and then at intervals progressing from 15 min to 
1 h between blood sampling: TP+30, 45, 60, 90, 120, 180, and 240. The 
second test meal was provided following the TP+240 blood draw, and 
subjects had 15 min to complete the meal (7.5 min per half). The blood 
draw time pattern was then repeated after the second meal was 
consumed. 

Standard visual analog scales were administered hourly, with the 
first administration at the − 5 TP. Subjects responded to prompts to 
assessing subjective feelings of such as their level of hunger, desire to 
eat, and fullness by marking on a 100 mm scale with end descriptors 
ranging from “Not at all” to “Extremely” [37,38]. 

2.10.2. Oral glucose tolerance test 
Participants reported for a 2-h OGTT during baseline, mid-testing 

(USA center only), and post-testing. Prior to OGTT, blood pressure and 
a hemocue test (Sweden) to rapidly estimate fasting glucose was per
formed for exclusion of diabetic participants and for safety reasons. A 
fasting blood sample was collected after 15 min of rest at the − 15 TP. A 
second baseline blood draw was taken 10 min later at the − 5 TP (USA, 
Italy). At TP 0 the glucose tolerance test beverage, containing 75 g 
glucose dissolved in water (USA: Trutol 75 Glucose Tolerance Beverage, 
Thermo Scientific, Middletown VA; Sweden: TopStar75, TopLabs; Italy: 
Bioindustria, L.I.M.) was consumed. Subjects consumed the test 
beverage within 5 min. Subjects were not permitted additional fluid 
consumption during the test. Blood samples were collected 60 min, and 
120 min after consumption of the test glucose beverage. 

2.10.3. Blood collection and analysis 
Blood samples were obtained from an antecubital vein and placed in 

tubes containing a clot activator to obtain serum or sodium/lithium 
heparin to obtain plasma. Serum tubes were held at room temperature 
for at least 15 min and then centrifuged at 4,000×g at 4 ◦C for 15 min 
(3000×g at 4 ◦C for 10 min in Sweden). EDTA-plasma, serum, and 
heparinized-plasma samples were immediately refrigerated/kept on ice, 
processed, and aliquoted into microtubes. Plasma and serum aliquots 
were frozen at – 20 ◦C within 2 h of sample collection, stored at this 
temperature for a maximum of one week, and then stored at − 80 ◦C until 
thawed for analysis. Interim analyses for insulin and glucose were not 
conducted; all samples will be analyzed at the end of the study to 
minimize batch effects. EDTA-plasma samples will be utilized to assess 
insulin and glucose. The center-specific procedures to analyze blood 
samples are described below. 

The Italian center: Serum, heparin, and EDTA-plasma tubes collected 
at fasting and during the MGTT and OGTT testing days were sent to the 
Diabetes Nutrition and Metabolism research laboratories of the Federico 
II University for determination of all relevant cardiometabolic parame
ters. Glucose was measured by enzymatic colorimetry using an oxidase 
method on an ABX Pentra 400 Autoanalyzer (ABX Diagnostics, Mont
pellier, France). Insulin was measured by electrochemiluminescence 
immunoassay method by ELISA (DIAsource ImmunoAssays, Nivelles, 
Belgium) on a Triturus Analyzer (Diagnostics Grifols, Barcelona, Spain). 

The Swedish Center: Serum tubes and EDTA-plasma tubes collected 
at fasting and during the MGTT and OGTT testing will be analyzed after 
collection from all participants. Aliquoted plasma and serum samples 
will be analyzed for all relevant cardiometabolic parameters at the 
certified laboratory of the Department of Clinical Chemistry at Uppsala 
University Hospital. HbA1c was analyzed in blood after collection 
(stored at +4 ◦C for maximum of one week) by HPLC method at Klinisk 
Kemi, Laboratoriemedicin, Sahlgrenska Universitetsjukhuset in 
Gothenburg. 

Fig. 2. Meal- and Oral Glucose Tolerance testing day schematic. VAS, visual analog scale.  

Table 1 
Food composition of standardized meal glucose tolerance test meals.  

Low-GI High-GI 

Breakfast Quantity Breakfast Quantity 

Flat bread 75 g Cornflakes 30 g 
Olive Oil, Extra Virgin 10 g Olive Oil, Extra Virgin 18 g 
Eggs, whole, raw 50 g Eggs, whole, raw 50 g 
Ham, dry cured (country 

style) 
38 g Ham, dry cured (country 

style) 
85 g 

Apple, fresh without skin) 150 g Apple, fresh without skin 150 g 
Milk, 1% fat or lowfat, 

lactose free 
244 g Milk, 1% fat or lowfat, 

lactose free 
244 g   

Bread, wholegrain 24 g  

Lunch  Lunch  
Spaghetti noodles, white, 90 g Rice, jasmine 88 g 
Chicken, breast, skinless 58 g Chicken, breast, skinless 70 g 
Tomato sauce, plain, 

regular 
50 g Tomato sauce, plain, 

regular 
50 g 

Olive Oil, Extra Virgin 10 g Olive Oil, Extra Virgin 10 g 
Broccoli, cooked from 

frozen 
90 g Broccoli, cooked from 

frozen 
90 g 

Carrots, cooked from 
frozen 

100 g Carrots, cooked from frozen 100 g 

Apple, fresh, without skin 150 g Apple, fresh, without skin 150 g  
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The United States Center: Serum tubes from the baseline measure
ment of each MGTT and OGTT testing day were sent to MidAmerica 
Clinical Laboratories (Indianapolis, IN) for determination of fasting 
serum lipid-lipoprotein profile and a complete metabolic panel (fasting 
glucose, GFR, etc.). EDTA-plasma tubes from the baseline measurement 
were sent to MidAmerica Clinical Laboratories (Indianapolis, IN) for 
determination of HbA1c. Glucose was measured by enzymatic colorim
etry using an oxidase method on a COBAS Integra 400 analyzer (Roche 
Diagnostic Systems, USA, Indianapolis, IN). Insulin was measured by 
electrochemiluminescence immunoassay method on the Elecsys 2010 
analyzer (Roche Diagnotic Systems USA, Indianapolis, IN). 

2.10.4. Anthropometric assessments 
Weight was measured at screening, baseline, and post-testing with 

the participant wearing light clothing and the shoes removed. Body 
weight was measured biweekly in connection with cooking session. BMI 
was calculated as body weight (in kilograms) divided by height (in 
meters) squared. Waist circumference was measured (Gulick II Tape 
Measure, Country Technology Inc., Gays Mills, WI or Seca201 measuring 
tape, Germany) to the nearest 0.5 cm during screening, baseline and 
post-testing at the point of the umbilicus in standing participants with 
arms relaxed along the sides. The participant was asked to take a deep 
breath, and the measurement is performed after the exhalation. Waist 
circumference measurements were performed in duplicate, and then 
averaged. 

The Italian Center: At baseline and after 12-week of intervention 
whole body mass, fat mass, and lean mass were measured using 
Bioelectrical Impedance Analysis (Bodygram, AKERN s.r.l., Italy). The 
measurements were performed according to a standard protocol in the 
morning of the experiment after a 12-h fast, in supine position after 15 
min of rest [39]. Resistance (R) and reactance (X) were measured at the 
flow of a 50-kHz injected mono-frequency current with a coefficient of 
variance <1.5%. 

The Swedish Center: No body composition assessments were 
performed. 

The United States Center: At baseline and post-testing, fasting state 
whole body mass, fat mass, and lean mass were measured using air 
displacement plethysmography (BOD POD, COSMED USA, Concord, CA, 
USA). BOD POD-derived body weights (participants wearing a robe of 
known weight) were obtained at baseline and post-testing. Participants 
were also given a bathroom weight-scale for home use. 

2.10.5. Twenty-four-hour continuous glucose monitoring 
A Medtronic iPro2 Professional CGM device (Northridge, CA, USA) 

was used to obtain 24-h continuous interstitial glucose concentration 
data from study subjects during 6 days (5 days in Italy) of baseline, mid- 
point (USA center only), and post-intervention. The glucose oxidase- 
based sensor was inserted into the abdominal area at least 5 cm away 
from the umbilicus to obtain an interstitial glucose measurement every 
10 s. A recorder stored these data and provided a filtered average of 
these values every 5 min. Self-monitoring glucose readings (finger 
sticks) were performed (Contour®NEXT USB, Ascencia Diabetes Care, 
US) three times per day by subjects to calibrate CGM sensor data. We 
considered 24-h glucose data valid when two or more self-monitoring 
glucose readings were documented [40]. CGM data will be used to 
calculate 24-h interstitial glucose peak, mean, coefficient of variation 
(CV) and total area under the curve (AUC). The group mean and peak 
glucose will be calculated from the individual subjects’ means of 2–4 
days of useable CGM data. Similarly, group CV will be calculated as the 
mean of the ratio of the individual subjects’ standard deviation to mean. 
Additionally, data will be entered into EasyGV platform (University of 
Oxford, Oxford, England) for calculation of glycemic variability and 
mean glucose across each 24-h period. 

2.11. Physical activity assessment 

Participants completed the International Physical Activity Ques
tionnaire (IPAQ) during baseline weeks, post-intervention, and 3 
months post-intervention. The IPAQ was used to estimate daily ambu
lation and physical activity and has been shown to have acceptable 
validity and reliability in various nationalities [41]. 

2.12. Sleep quality assessment 

Sleep quality and quantity was evaluated by the Pittsburgh Sleep 
Quality Index (PSQI) [42], the Epworth Sleepiness Scale (ESS) (in USA), 
and by data obtained from a wrist actigraphy monitor (Actiwatch 2, 
Phillips Respironics, Murrysville, PA) in USA and Sweden [43]. The 
PSQI and ESS were administered at baseline, post-testing, and three 
months post-intervention. Actigraphy data were collected for 7 days 
during baseline and post-testing. A sleep log questionnaire to quantify 
sleep and wake times was completed by participants during all 7 days of 
Actiwatch usage (USA). 

Actigraphy data will be processed as previously described by 
O’Connor et al. [44]. Briefly, actigraphy measurements were taken at 
the default 30-s intervals. The actigraphs were scored using the manu
facturer’s algorithm set at medium sensitivity. Rest intervals can be 
determined in a variety of ways; the most preferable and reliable mea
surements come from the participant manually pressing the indicator 
button prior to sleeping and immediately upon waking. If there was no 
button press detected, the technician would rely on the recorded sleep 
and wake times provided by the participants. Lastly, if no recorded times 
can be retrieved, the Phillips Actiware (v6.0.7) software default algo
rithm would estimate sleep and wake times. Time spent in bed, time 
spent sleeping, sleep efficacy (percentage of time spent in bed sleeping), 
onset latency (amount of time to fall asleep once in bed), and total 
number of minutes awake after sleep onset will be assessed and 
reported. 

Subjective data from the PSQI and ESS were used to supplement the 
more objective actigraphy data. With regard to the PSQI, a higher global 
sleep score (0–21 arbitrary units [AU]) indicates poorer sleep; a global 
sleep score ≥ 5 AU is classified as “poor sleep” [42,44]. With regard to 
the ESS, a higher ESS score (0–24 AU) indicates greater daytime sleep
iness; a score > 10 AU indicates excessive daytime sleepiness [45]. The 
ESS and PSQI are found to be weakly (but significantly) associated with 
each other, and are posited to evaluate different aspects of sleep [46]. 

2.13. Subjective health and well-being assessment 

The Medical Outcomes Study 36-item short-form questionnaire (SF- 
36v2), administered at baseline, post-testing, and at the 3 month follow- 
up, was used to measure perceived physical and emotional well-being 
[47,48]. Raw SF-36v2 questionnaire data will be entered into Optum 
ProCoRE (Optum Inc., Eden Prairie, MN) for algorithmic transformation 
into domains of perceived health and wellness including: physical 
functioning, role limitations due to physical health, bodily pain, general 
health, vitality, social functioning, role limitations due to emotional 
health, and mental health. Scores are presented on a 0–100 scale, with 
higher scores indicative of greater perceived health and wellness. 

2.14. Fecal microbiota 

Spot fecal samples were collected at baseline and post-testing for all 
participants. The samples were collected in specific devices (Easy
Sampler CollectionKit, GP Medical Devices ApS, Denmark) and were 
placed in the freezer right after collection and brought to the clinic 
frozen. Microbial DNA from fecal samples will be extracted for analysis 
of the gut microbiota by deep 16S rRNA sequencing using Illumina 
MiSeq [49]. The Bristol stool scale was used to assess defecation habits 
and bowel function during the stool collection day [50]. Additionally, 

R.E. Bergia III et al.                                                                                                                                                                                                                            



Contemporary Clinical Trials Communications 19 (2020) 100640

8

participants specified recent usage of antibiotics on the day of the fecal 
sample collection. The composition of the gut microbiota will be 
analyzed to provide possible mechanistic explanations underlying dif
ferential responses of participants (identifying 
responders/non-responders) on higher-versus lower- GI dietary in
terventions and effects on gut microbiota composition caused by the 
interventions. 

2.15. Metabolomics assessment 

Plasma samples collected at baseline and post-testing will be 
analyzed for untargeted metabolomics at the Swedish center. Untar
geted metabolomics will be performed using 0.2 mL heparin-plasma 
from samples taken at TP-15, +120, 240, and 480 min from test meals 
on MGTT test days. Plasma samples will be processed and analyzed in 
four different modes (reverse phase/HILIC chromatography in positive/ 
negative ionization, respectively) on a LC-QTOF-MS instrument ac
cording to an established protocol [51]. This will ensure the most 
comprehensive collection of metabolite features. Data will be 
pre-processed and analyzed according to a recently developed 
data-treatment pipeline developed by the Swedish group [52,53]. 

2.16. Study outcomes 

The primary outcome of the MEDGI-Carb trial were changes in 
postprandial insulin concentrations during the 8-h MGTT. Postprandial 
insulin, of which power calculations were based on, was chosen as the 
primary endpoint because, in the presence of a well-functioning beta 
cell, any improvement in plasma glucose concentrations due to a dietary 
intervention would slowly be compensated by variation in insulin 
secretion triggered by glucose values. We prioritized assessments of 
insulin over C-peptide because C-peptide is not extracted by the liver 
[54], and therefore is not a good marker of derangements in post
prandial insulin sensitivity. Assessment of postprandial insulin was 
complemented by the principle secondary outcome – postprandial 
glucose, of which power calculations indicated a similar number of 
participants to be recruited. Secondary outcomes of relevant parameters 
of blood glucose metabolism were operationalized as fasting glucose, 
fasting insulin, HbA1c, and 24-h CGM responses, collected at baseline, 
mid-testing (USA-only), and post-testing. Fasting plasma glucose, 
HbA1c, 2-h OGTT plasma glucose, homeostatic model assessment of in
sulin resistance (HOMA-IR) [55], postprandial blood glucose and insulin 
responses and CGM all measure different aspects of glucose metabolism 
[56]. We consider this to be a strength of the current research. While 
these measures are strongly correlated [57], inclusion of multiple 
measures of glucose control add additional context. For example, HbA1c 
not only accurately predicts CGM-derived glucose values, but also adds 
additional information to the model for more accurate prediction of 
average glucose [58]. Conversely, it may not be sufficient to evaluate 
changes in postprandial glucose and insulin metabolism in non-diabetic 
people [59]. 

There are strengths and limitations to each of these measurements in 
isolation. Long considered a “gold-standard” for diagnosis of glucose 
intolerance and diabetes, the OGTT is the most sensitive measure of 
impaired glucose homeostasis, as increases in postprandial glucose re
sponses precede increases in fasting glucose [60]. However, the OGTT 
suffers from a well-documented high degree of intra-individual vari
ability (CV = 16.7%) [61]. Fasting plasma glucose has considerably less 
variability than 2-h OGTT glucose values and is considered the preferred 
diagnostic test by the American Diabetes Association [62]. However, 
there is still large biological variability in fasting plasma glucose relative 
to HbA1c [61]. While HbA1c measurements may present with the 
greatest reliability (CV < 1%) [63], there are notable discrepancies in 
readings according to iron status [64] and race/ethnicity [65], inde
pendent of glucose concentrations. Further, HbA1c would not be ex
pected to respond completely to our dietary-intervention of a length 

(~84 days) less than the average lifespan of hemoglobin (~120 days). 
Moreover, it is not sufficiently sensitive to appreciate small changes in 
glucose metabolism in non-diabetic individuals. With respect to CGM, 
glucose data derived from CGM may be less accurate than venous 
plasma glucose on a point-by-point basis [66], but it provides valuable 
information on glucose excursions and overall variability, which may 
contribute more to cardiometabolic disease risk than chronically 
elevated glucose [67]. 

We recognize the importance of study measurements translating to 
situations individuals find themselves in the real world. Therefore, the 
MGTT provides additional context and serves as an important practical 
translation of this work by documenting the glycemic and insulinemic 
responses to complete mixed meals. The MGTT serves as a ‘nested acute 
study’ within the overall trial, whereby the absolute difference in gly
cemic responses to high- and low-GI meals at any individual timepoint is 
not of particular importance, but the changes in the relative glycemic 
response over the course of the intervention can elucidate the impor
tance of the background diet in modulating the glycemic response to 
acute feeding. 

Effects of the high vs low GI MED-style HEP on the plasma metab
olome and gut microbiota will be analyzed as exploratory analyses. 
Moreover, we also plan to address the role of gut microbiota composi
tion and plasma metabolome at baseline as determinants of the 
response/non-response to intervention with regards to acute glycemic 
and long-term cardiometabolic risk factors. Molecular effects of the MED 
diet on cardiometabolic risk factors in these aspects has recently been 
reviewed by Tuttolomondo et al. [68]. 

2.17. Data analysis and sample size estimates 

Both “intention-to-treat” and “per-protocol” data analyses will be 
performed. The primary analyses will follow the intention-to-treat plan, 
where participants will be analyzed regardless of compliance or 
completion of study procedures. A priori sensitivity analyses using a ‘per 
protocol’ plan will be conducted, where noncompliant participants will 
be excluded. A repeated measures, two-way ANCOVA will be used to 
assess main effects of diet, time, and diet by time interactions plus 
center. Potential covariates used in models include age, sex, height, 
weight, BMI, baseline dependent variables, medication usage, and 
smoking status. All completers (goal of 60 subjects per group, 180 
subjects total) will be tested — providing greater than 80% power to 
detect a 30% differential response between the dietary interventions for 
the primary endpoint (postprandial insulin) with similar variation re
ported in the study by Giacco et al. [69]. An equal number of study 
participants are anticipated to be recruited in each of the three centers. 
Further analyses will be performed after identification of appropriate 
subgroups taking into consideration several parameters, i.e. sex, severity 
of metabolic derangements, degree of overweight, relevant features of 
the baseline diet, and operating center. All statistical analyses will be 
done with consultation from the NIH Indiana Clinical and Translational 
Biostatistics Core services staff (www.indianactsi.org). All statistical 
analyses will be performed with SAS statistical software version 9.4 (SAS 
Institute, Cary, NC). 

3. Discussion 

The MEDGI-Carb trial aimed to evaluate the relevance of the GI in 
the context of a MED-style HEP. The clinical utility of the GI is still under 
debate, despite decades of research and a plethora of trials [12–14]. 
Conversely, there is relatively less evidence — particularly experimental 
evidence — on the health-promoting effects of a MED-style HEP [70]. 
The results of the MEDGI-Carb trial have the potential to answer 
important questions pertaining to both Mediterranean-style eating pat
terns and the relevancy of the long-term effects of GI in a non-diabetic 
population. The results of the MEDGI-Carb trial have the potential to 
inform health care providers and the public regarding the importance of 
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consuming low GI carbohydrate foods as part of a Mediterranean-style 
eating pattern. 

The MEDGI-Carb trial utilized several strategies to successfully 
implement dietary control, including dietary counseling, provision of 
specific study foods to participants during the intervention, frequent 
checks and documentation of food intake (Sweden, Italy) or completion 
of itemized menu checklists (Sweden, USA), and offering cooking classes 
to enhance participant self-efficacy. Further, the robustness of the pri
mary manipulated variable (GI of the carbohydrate foods) was ensured 
through independent analyses to ensure that the GI of the carbohydrate 
foods were sufficiently different between the low- and high-GI groups. 
Additional strengths of the MEDGI-Carb study include strong clinical 
design features such as randomization, blinding, provision of tools to 
participants to enhance compliance to study protocols (weight scales, 
measuring tools, etc. In US), and an appropriate sample size with respect 
to effect size and power based on previous research. These features place 
the current research in a strong position to investigate GI and dietary 
patterning in a meaningful way. 

In addition to the numerous avenues we have taken in assessing 
glucose homeostasis, we are positioned to answer other emerging 
questions in nutrition science such as, 1) to what extent the gut micro
biome and specific metabolic profiles may moderate or indicate dietary 
intervention-induced changes in cardiometabolic health via collection 
of blood and stool samples, 2) the impact of dietary interventions on 
indices of sleep quality via objective (Actiwatch) and subjective (PSQI, 
ESS) measures, and 3) ratings of subjective health and well-being via 
collection of self-rated health assessments (SF-36v2). Collectively, the 
current research has the potential to provide a wealth of knowledge 
which can address outstanding questions in regard to GI and 
Mediterranean-style eating patterns, as well as generate promising new 
leads and hypotheses. 

There may be important implications from this research regardless of 
whether the results support or refute our hypothesis. If our hypothesis is 
supported and there are greater improvements in indices of glucose 
control in the low-GI group relative to the high-GI group, then these 
novel findings would provide additional support for the potential rele
vancy of the GI in a complete mixed diet among non-diabetic pop
ulations. Low GI and low glycemic load are inherent elements of a 
traditional Mediterranean diet [71]. If the more traditional low-GI 
version of the Med HEP in this study is more effective than the 
high-GI version, this would support the inclusion of low-GI foods as part 
of a Med HEP. Conversely, if the results are inconsistent with our hy
pothesis, this may suggest that differences in GI are not robust or masked 
in the context of an overall healthy eating pattern. Therefore, the study 
design and hypotheses put forth are unconditionally robust, as results 
supportive or unsupportive of the hypothesis provide new directions for 
future research and recommendations. 

Declaration of competing interest 

G.Riccardi is member of the Health and Wellbeing Advisory Board of 
the Barilla company; remuneration for this activity goes to his Univer
sity Department. R. Landberg is the project leader for the Nordic Rye 
Forum (www.nordicryeforum.org), for which funding is provided by 
industrial partners and NKJ (Nordic Committee of Agricultural 
Research); R. Landberg is also principal investigator in research projects 
funded by Lantmännen and Barilla. He did not receive any remunera
tion, salary, or any other financial recompense from the food industry. 
W. Campbell reports no competing interests. 

Acknowledgements 

This study was funded by Barilla International and Barilla USA. The 
funding sources had no role in the collection, analysis, and interpreta
tion of data; in writing of this and any reports; and in the decision to 
submit the article for publication. We thank Barilla G&R F.lli. SpA, 

Parma, Italy for providing some of the cereal products for the study 
participants. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.conctc.2020.100640. 

References 

[1] B.M. Leon, T.M. Maddox, Diabetes and cardiovascular disease: epidemiology, 
biological mechanisms, treatment recommendations and future research, World J. 
Diabetes 6 (2015) 1246–1258. 

[2] P. Saeedi, I. Petersohn, P. Salpea, B. Malanda, S. Karuranga, N. Unwin, S. Colagiuri, 
L. Guariguata, A.A. Motala, K. Ogurtsova, et al., Global and regional diabetes 
prevalence estimates for 2019 and projections for 2030 and 2045: results from the 
international diabetes federation diabetes atlas, 9(th) edition. Diabetes Res Clin 
Pract 157 (2019) 107843. 

[3] S.L. Murphy, J. Xu, K.D. Kochanek, E. Arias, Mortality in the United States, 2017, 
NCHS Data Brief, 2018, pp. 1–8. 

[4] K. Yamaoka, T. Tango, Efficacy of lifestyle education to prevent type 2 diabetes: a 
meta-analysis of randomized controlled trials, Diabetes Care 28 (2005) 2780–2786. 

[5] W.C. Knowler, E. Barrett-Connor, S.E. Fowler, R.F. Hamman, J.M. Lachin, E. 
A. Walker, D.M. Nathan, Reduction in the incidence of type 2 diabetes with 
lifestyle intervention or metformin, N. Engl. J. Med. 346 (2002) 393–403. 

[6] G. Li, P. Zhang, J. Wang, E.W. Gregg, W. Yang, Q. Gong, H. Li, H. Li, Y. Jiang, 
Y. An, et al., The long-term effect of lifestyle interventions to prevent diabetes in 
the China Da Qing Diabetes Prevention Study: a 20-year follow-up study, Lancet 
371 (2008) 1783–1789. 

[7] J. Lindstrom, P. Ilanne-Parikka, M. Peltonen, S. Aunola, J.G. Eriksson, K. Hemio, 
H. Hamalainen, P. Harkonen, S. Keinanen-Kiukaanniemi, M. Laakso, et al., 
Sustained reduction in the incidence of type 2 diabetes by lifestyle intervention: 
follow-up of the Finnish Diabetes Prevention Study, Lancet 368 (2006) 1673–1679. 

[8] J. Tuomilehto, J. Lindstrom, J.G. Eriksson, T.T. Valle, H. Hamalainen, P. Ilanne- 
Parikka, S. Keinanen-Kiukaanniemi, M. Laakso, A. Louheranta, M. Rastas, et al., 
Prevention of type 2 diabetes mellitus by changes in lifestyle among subjects with 
impaired glucose tolerance, N. Engl. J. Med. 344 (2001) 1343–1350. 

[9] E.E. Blaak, J.M. Antoine, D. Benton, I. Bjorck, L. Bozzetto, F. Brouns, M. Diamant, 
L. Dye, T. Hulshof, J.J. Holst, et al., Impact of postprandial glycaemia on health and 
prevention of disease, Obes. Rev. 13 (2012) 923–984. 

[10] A.E. Buyken, P. Mitchell, A. Ceriello, J. Brand-Miller, Optimal dietary approaches 
for prevention of type 2 diabetes: a life-course perspective, Diabetologia 53 (2010) 
406–418. 

[11] D.J. Jenkins, T.M. Wolever, R.H. Taylor, H. Barker, H. Fielden, J.M. Baldwin, A. 
C. Bowling, H.C. Newman, A.L. Jenkins, D.V. Goff, Glycemic index of foods: a 
physiological basis for carbohydrate exchange, Am. J. Clin. Nutr. 34 (1981) 
362–366. 

[12] S. Vega-Lopez, B.J. Venn, J.L. Slavin, Relevance of the glycemic index and glycemic 
load for body weight, diabetes, and cardiovascular disease, Nutrients 10 (2018). 

[13] A.S. Kristo, N.R. Matthan, A.H. Lichtenstein, Effect of diets differing in glycemic 
index and glycemic load on cardiovascular risk factors: review of randomized 
controlled-feeding trials, Nutrients 5 (2013) 1071–1080. 

[14] S. Vega-Lopez, S.N. Mayol-Kreiser, Use of the glycemic index for weight loss and 
glycemic control: a review of recent evidence, Curr. Diabetes Rep. 9 (2009) 
379–388. 

[15] C.B. Hollenbeck, A.M. Coulston, The clinical utility of the glycemic index and its 
application to mixed meals, Can. J. Physiol. Pharmacol. 69 (1991) 100–107. 

[16] A.M. Coulston, C.B. Hollenbeck, G.C. Liu, R.A. Williams, G.H. Starich, E. 
L. Mazzaferri, G.M. Reaven, Effect of source of dietary carbohydrate on plasma 
glucose, insulin, and gastric inhibitory polypeptide responses to test meals in 
subjects with noninsulin-dependent diabetes mellitus, Am. J. Clin. Nutr. 40 (1984) 
965–970. 

[17] F.X. Pi-Sunyer, Type 2 diabetes outcomes, Obes. Res. 10 (2002) 22S–26S. 
[18] A. Flint, B.K. Møller, A. Raben, D. Pedersen, I. Tetens, J.J. Holst, A. Astrup, The use 

of glycaemic index tables to predict glycaemic index of composite breakfast meals, 
Br. J. Nutr. 91 (2004) 979–989. 

[19] F.M. Sacks, V.J. Carey, C.A. Anderson, E.R. Miller 3rd, T. Copeland, J. Charleston, 
B.J. Harshfield, N. Laranjo, P. McCarron, J. Swain, et al., Effects of high vs low 
glycemic index of dietary carbohydrate on cardiovascular disease risk factors and 
insulin sensitivity: the OmniCarb randomized clinical trial, Jama 312 (2014) 
2531–2541. 

[20] J. Renzella, N. Townsend, J. Jewell, J. Breda, N. Roberts, M. Rayner, 
K. Wickramasinghe, What National and Subnational Interventions and Policies 
Based on Mediterranean and Nordic Diets Are Recommended or Implemented in 
the WHO European Region, and Is There Evidence of Effectiveness in Reducing 
Noncommunicable Diseases? WHO Regional Office for Europe, Copenhagen, 2018. 

[21] Dietary Guidelines for Americans (Ed.), Appendix 4. USDA Food Patterns: Healthy 
Mediterranean-Style Eating Pattern. (Agriculture USDoHaHSaUSDo, eighth ed., 
December 2015. 

[22] T. Liyanage, T. Ninomiya, A. Wang, B. Neal, M. Jun, M.G. Wong, M. Jardine, G. 
S. Hillis, V. Perkovic, Effects of the mediterranean diet on cardiovascular 
outcomes-A systematic review and meta-analysis, PloS One 11 (2016), e0159252. 

R.E. Bergia III et al.                                                                                                                                                                                                                            

http://www.nordicryeforum.org
https://doi.org/10.1016/j.conctc.2020.100640
https://doi.org/10.1016/j.conctc.2020.100640
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref1
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref1
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref1
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref2
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref2
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref2
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref2
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref2
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref3
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref3
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref4
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref4
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref5
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref5
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref5
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref6
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref6
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref6
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref6
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref7
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref7
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref7
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref7
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref8
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref8
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref8
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref8
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref9
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref9
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref9
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref10
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref10
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref10
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref11
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref11
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref11
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref11
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref12
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref12
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref13
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref13
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref13
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref14
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref14
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref14
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref15
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref15
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref16
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref16
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref16
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref16
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref16
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref17
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref18
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref18
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref18
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref19
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref19
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref19
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref19
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref19
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref20
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref20
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref20
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref20
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref20
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref21
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref21
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref21
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref22
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref22
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref22


Contemporary Clinical Trials Communications 19 (2020) 100640

10

[23] R. Estruch, E. Ros, J. Salas-Salvado, M.I. Covas, D. Corella, F. Aros, E. Gomez- 
Gracia, V. Ruiz-Gutierrez, M. Fiol, J. Lapetra, et al., Primary prevention of 
cardiovascular disease with a mediterranean diet supplemented with extra-virgin 
olive oil or nuts, N. Engl. J. Med. 378 (2018) e34. 

[24] E. Koloverou, K. Esposito, D. Giugliano, D. Panagiotakos, The effect of 
Mediterranean diet on the development of type 2 diabetes mellitus: a meta-analysis 
of 10 prospective studies and 136,846 participants, Metabolism 63 (2014) 
903–911. 

[25] K. Esposito, M.I. Maiorino, G. Bellastella, P. Chiodini, D. Panagiotakos, 
D. Giugliano, A journey into a Mediterranean diet and type 2 diabetes: a systematic 
review with meta-analyses, BMJ Open 5 (2015), e008222. 

[26] C.M. Ballantyne, R.C. Hoogeveen, A.M. McNeill, G. Heiss, M.I. Schmidt, B. 
B. Duncan, J.S. Pankow, Metabolic syndrome risk for cardiovascular disease and 
diabetes in the ARIC study, Int. J. Obes. 32 (Suppl 2) (2008) S21–S24. 

[27] Executive summary of the third report of the national cholesterol education 
program (NCEP) expert panel on detection, evaluation, and treatment of high 
blood cholesterol in adults (adult treatment panel III), Jama 285 (2001) 
2486–2497. 

[28] M.A. Martinez-Gonzalez, A. Garcia-Arellano, E. Toledo, J. Salas-Salvado, P. Buil- 
Cosiales, D. Corella, M.I. Covas, H. Schroder, F. Aros, E. Gomez-Gracia, et al., A 14- 
item Mediterranean diet assessment tool and obesity indexes among high-risk 
subjects: the PREDIMED trial, PloS One 7 (2012), e43134. 

[29] Carbohydrates in human nutrition. Report of a joint FAO/WHO expert 
consultation, FAO Food Nutr. Pap. 66 (1998) 1–140. 

[30] I.S. Organisation, Food Products - Determination of the Glycaemic Index (GI) and 
Recommendation for Food Classification, 2010. ISO 26642- 2010. 

[31] W.C. Willett, F. Sacks, A. Trichopoulou, G. Drescher, A. Ferro-Luzzi, E. Helsing, 
D. Trichopoulos, Mediterranean diet pyramid: a cultural model for healthy eating, 
Am. J. Clin. Nutr. 61 (1995) 1402s–1406s. 

[32] (SINU) SIdNU, LARN: Livelli di assunzione di riferimento di nutrienti ed energia 
per la popolazione italiana, 2014 (IV revisione). 

[33] C.J. Henry, Basal metabolic rate studies in humans: measurement and development 
of new equations, Publ. Health Nutr. 8 (2005) 1133–1152. 

[34] Nordic Nutrition Recommendations 2012, in: Integrating Nutrition and Physical 
Activity. (Nordic Council of Ministers NCoMS, vol. 627, Nordisk Ministerrad, 
Copenhagen, 2012, p. 627. 

[35] P. Trumbo, S. Schlicker, A.A. Yates, M. Poos, Dietary reference intakes for energy, 
carbohydrate, fiber, fat, fatty acids, cholesterol, protein and amino acids, J. Am. 
Diet Assoc. 102 (2002) 1621–1630. 

[36] PayLess Pickup FAQs. https://www.pay-less.com/topic/clicklist. 
[37] R.J. Stubbs, D.A. Hughes, A.M. Johnstone, E. Rowley, C. Reid, M. Elia, R. Stratton, 

H. Delargy, N. King, J.E. Blundell, The use of visual analogue scales to assess 
motivation to eat in human subjects: a review of their reliability and validity with 
an evaluation of new hand-held computerized systems for temporal tracking of 
appetite ratings, Br. J. Nutr. 84 (2000) 405–415. 

[38] A. Flint, A. Raben, J.E. Blundell, A. Astrup, Reproducibility, power and validity of 
visual analogue scales in assessment of appetite sensations in single test meal 
studies, Int. J. Obes. Relat. Metab. Disord. 24 (2000) 38–48. 

[39] D.P. Kotler, S. Burastero, J. Wang, R.N. Pierson Jr., Prediction of body cell mass, 
fat-free mass, and total body water with bioelectrical impedance analysis: effects of 
race, sex, and disease, Am. J. Clin. Nutr. 64 (1996) 489s–497s. 

[40] Medtronic, A Practical Guide to Continuous Glucose Monitoring, Medtronic, North 
Ryde, Australia, 2011. 

[41] C.L. Craig, A.L. Marshall, M. Sjostrom, A.E. Bauman, M.L. Booth, B.E. Ainsworth, 
M. Pratt, U. Ekelund, A. Yngve, J.F. Sallis, P. Oja, International physical activity 
questionnaire: 12-country reliability and validity, Med. Sci. Sports Exerc. 35 
(2003) 1381–1395. 

[42] D.J. Buysse, C.F. Reynolds 3rd, T.H. Monk, S.R. Berman, D.J. Kupfer, The 
Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice and 
research, Psychiatr. Res. 28 (1989) 193–213. 

[43] C.A. Kushida, A. Chang, C. Gadkary, C. Guilleminault, O. Carrillo, W.C. Dement, 
Comparison of actigraphic, polysomnographic, and subjective assessment of sleep 
parameters in sleep-disordered patients, Sleep Med. 2 (2001) 389–396. 

[44] L.E. O’Connor, S.L. Biberstine, D. Paddon-Jones, A.J. Schwichtenberg, W. 
W. Campbell, Adopting a mediterranean-style eating pattern with different 
amounts of lean unprocessed red meat does not influence short-term subjective 
personal well-being in adults with overweight or obesity, J. Nutr. 148 (2018) 
1917–1923. 

[45] M.W. Johns, A new method for measuring daytime sleepiness: the Epworth 
sleepiness scale, Sleep 14 (1991) 540–545. 

[46] P. Mondal, J.A. Gjevre, R.M. Taylor-Gjevre, H.J. Lim, Relationship between the 
Pittsburgh sleep quality index and the Epworth sleepiness scale in a sleep 
laboratory referral population, Nat. Sci. Sleep 5 (2013) 15–21. 

[47] J.E. Ware Jr., C.D. Sherbourne, The MOS 36-item short-form health survey (SF-36). 
I. Conceptual framework and item selection, Med. Care 30 (1992) 473–483. 

[48] C.A. McHorney, J.E. Ware Jr., A.E. Raczek, The MOS 36-Item Short-Form Health 
Survey (SF-36): II. Psychometric and clinical tests of validity in measuring physical 
and mental health constructs, Med. Care 31 (1993) 247–263. 

[49] L. Berntson, P. Agback, J. Dicksved, Changes in fecal microbiota and metabolomics 
in a child with juvenile idiopathic arthritis (JIA) responding to two treatment 
periods with exclusive enteral nutrition (EEN), Clin. Rheumatol. 35 (2016) 
1501–1506. 

[50] S.J. Lewis, K.W. Heaton, Stool form scale as a useful guide to intestinal transit time, 
Scand. J. Gastroenterol. 32 (1997) 920–924. 

[51] K. Hanhineva, C. Brunius, A. Andersson, M. Marklund, R. Juvonen, P. Keski- 
Rahkonen, S. Auriola, R. Landberg, Discovery of urinary biomarkers of whole grain 
rye intake in free-living subjects using nontargeted LC-MS metabolite profiling, 
Mol. Nutr. Food Res. 59 (2015) 2315–2325. 

[52] C. Brunius, L. Shi, R. Landberg, Large-scale untargeted LC-MS metabolomics data 
correction using between-batch feature alignment and cluster-based within-batch 
signal intensity drift correction, Metabolomics 12 (2016) 173. 

[53] L. Shi, J.A. Westerhuis, J. Rosen, R. Landberg, C. Brunius, Variable selection and 
validation in multivariate modelling, Bioinformatics 35 (2019) 972–980. 

[54] Y. Saisho, Postprandial C-peptide to glucose ratio as a marker of β cell function: 
implication for the management of type 2 diabetes, Int. J. Mol. Sci. 17 (2016) 744. 

[55] D.R. Matthews, J.P. Hosker, A.S. Rudenski, B.A. Naylor, D.F. Treacher, R.C. Turner, 
Homeostasis model assessment: insulin resistance and beta-cell function from 
fasting plasma glucose and insulin concentrations in man, Diabetologia 28 (1985) 
412–419. 

[56] S. Malkani, J.P. Mordes, Implications of using hemoglobin A1C for diagnosing 
diabetes mellitus, Am. J. Med. 124 (2011) 395–401. 

[57] R. Babbar, M. Heni, A. Peter, M. Hrabe de Angelis, H.U. Haring, A. Fritsche, 
H. Preissl, B. Scholkopf, R. Wagner, Prediction of glucose tolerance without an oral 
glucose tolerance test, Front. Endocrinol. 9 (2018) 82. 

[58] C.L. Chan, E. Hope, J. Thurston, T. Vigers, L. Pyle, P.S. Zeitler, K.J. Nadeau, 
Hemoglobin A1c accurately predicts continuous glucose monitoring-derived 
average glucose in youth and young adults with cystic fibrosis, Diabetes Care 41 
(2018) 1406–1413. 

[59] O. Vaccaro, G. Ruffa, G. Riccardi, Is there any use for the oral glucose tolerance 
test? Diabetes Care 23 (2000) 714–715. 

[60] D.B. Sacks, A1C versus glucose testing: a comparison, Diabetes Care 34 (2011) 
518–523. 

[61] E. Selvin, C.M. Crainiceanu, F.L. Brancati, J. Coresh, Short-term variability in 
measures of glycemia and implications for the classification of diabetes, Arch. 
Intern. Med. 167 (2007) 1545–1551. 

[62] Diagnosis and classification of diabetes mellitus, Diabetes Care 37 (Suppl 1) (2014) 
S81–S90. 

[63] C. Rohlfing, H.M. Wiedmeyer, R. Little, V.L. Grotz, A. Tennill, J. England, 
R. Madsen, D. Goldstein, Biological variation of glycohemoglobin, Clin. Chem. 48 
(2002) 1116–1118. 

[64] A.L. Christy, P.A. Manjrekar, R.P. Babu, A. Hegde, M.S. Rukmini, Influence of iron 
deficiency anemia on hemoglobin A1c levels in diabetic individuals with controlled 
plasma glucose levels, Iran. Biomed. J. 18 (2014) 88–93. 

[65] M.B. Davidson, D.L. Schriger, Effect of age and race/ethnicity on HbA1c levels in 
people without known diabetes mellitus: implications for the diagnosis of diabetes, 
Diabetes Res. Clin. Pract. 87 (2010) 415–421. 

[66] Y.H. Baek, H.Y. Jin, K.A. Lee, S.M. Kang, W.J. Kim, M.G. Kim, J.H. Park, S.W. Chae, 
H.S. Baek, T.S. Park, The correlation and accuracy of glucose levels between 
interstitial fluid and venous plasma by continuous glucose monitoring System, 
Korean Diabetes J 34 (2010) 350–358. 

[67] A. Ceriello, Postprandial hyperglycemia and diabetes complications: is it time to 
treat? Diabetes 54 (2005) 1–7. 

[68] A. Tuttolomondo, I. Simonetta, M. Daidone, A. Mogavero, A. Ortello, A. Pinto, 
Metabolic and vascular effect of the mediterranean diet, Int. J. Mol. Sci. 20 (2019). 

[69] R. Giacco, G. Costabile, G. Della Pepa, G. Anniballi, E. Griffo, A. Mangione, 
P. Cipriano, D. Viscovo, G. Clemente, R. Landberg, et al., A whole-grain cereal- 
based diet lowers postprandial plasma insulin and triglyceride levels in individuals 
with metabolic syndrome, Nutr. Metabol. Cardiovasc. Dis. 24 (2014) 837–844. 

[70] M. Dinu, G. Pagliai, A. Casini, F. Sofi, Mediterranean diet and multiple health 
outcomes: an umbrella review of meta-analyses of observational studies and 
randomised trials, Eur. J. Clin. Nutr. 72 (2018) 30–43. 

[71] A.I. Rodriguez-Rejon, I. Castro-Quezada, C. Ruano-Rodriguez, M.D. Ruiz-Lopez, 
A. Sanchez-Villegas, E. Toledo, R. Artacho, R. Estruch, J. Salas-Salvado, M.I. Covas, 
et al., Effect of a mediterranean diet intervention on dietary glycemic load and 
dietary glycemic index: the PREDIMED study, J Nutr Metab 2014 (2014) 985373. 

R.E. Bergia III et al.                                                                                                                                                                                                                            

http://refhub.elsevier.com/S2451-8654(20)30124-1/sref23
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref23
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref23
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref23
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref24
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref24
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref24
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref24
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref25
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref25
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref25
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref26
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref26
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref26
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref27
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref27
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref27
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref27
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref28
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref28
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref28
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref28
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref29
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref29
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref30
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref30
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref31
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref31
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref31
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref32
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref32
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref33
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref33
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref34
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref34
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref34
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref35
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref35
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref35
https://www.pay-less.com/topic/clicklist
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref37
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref37
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref37
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref37
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref37
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref38
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref38
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref38
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref39
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref39
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref39
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref40
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref40
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref41
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref41
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref41
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref41
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref42
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref42
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref42
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref43
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref43
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref43
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref44
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref44
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref44
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref44
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref44
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref45
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref45
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref46
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref46
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref46
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref47
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref47
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref48
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref48
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref48
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref49
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref49
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref49
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref49
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref50
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref50
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref51
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref51
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref51
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref51
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref52
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref52
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref52
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref53
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref53
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref54
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref54
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref55
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref55
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref55
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref55
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref56
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref56
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref57
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref57
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref57
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref58
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref58
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref58
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref58
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref59
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref59
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref60
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref60
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref61
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref61
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref61
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref62
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref62
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref63
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref63
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref63
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref64
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref64
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref64
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref65
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref65
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref65
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref66
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref66
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref66
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref66
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref67
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref67
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref68
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref68
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref69
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref69
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref69
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref69
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref70
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref70
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref70
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref71
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref71
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref71
http://refhub.elsevier.com/S2451-8654(20)30124-1/sref71

	The MEDGICarb-Study: Design of a multi-center randomized controlled trial to determine the differential health-promoting ef ...
	1 Introduction
	2 Methods/design
	2.1 Experimental design
	2.2 Eligibility criteria
	2.3 Recruitment
	2.4 Informed consent procedure
	2.5 Randomization
	2.6 Dietary assessment
	2.7 Dietary compliance
	2.8 Compliance
	2.9 Cooking classes
	2.10 Clinical assessments
	2.10.1 Meal glucose tolerance test
	2.10.2 Oral glucose tolerance test
	2.10.3 Blood collection and analysis
	2.10.4 Anthropometric assessments
	2.10.5 Twenty-four-hour continuous glucose monitoring

	2.11 Physical activity assessment
	2.12 Sleep quality assessment
	2.13 Subjective health and well-being assessment
	2.14 Fecal microbiota
	2.15 Metabolomics assessment
	2.16 Study outcomes
	2.17 Data analysis and sample size estimates

	3 Discussion
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


