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Evidence-based European recommendations for the dietary management of diabetes.
Nutrition Study Group of the European Association for the Study of Diabetes (2023).
Diabetologia 2023

Type 2 Diabetes is a worldwide problem in terms 
of prevalence and incidence

There is an urgent need for effective nutritional 
strategies to contain this epidemic chronic disease

Early time-restricted feeding (eTRF) is a popular nutritional 
strategy 

• In fact, glucose tolerance peaks during daylight and 
is lower during the night/dark cycle

• eTRF is a form of intermittent fasting that involves 
    restricting food consumption early in the day to align 
    with the circadian rhythm and promote ketosis

Introduction: early Time-Restricted Feeding (eTRF)



Introduction: early Time-Restricted Feeding (eTRF)

Metabolic effects: • Body weight

• Insulin resistance

• Glucose tolerance

• Incomplete adherence to the diet: 
fasting is often unfeasible and 

   poorly accepted 

• Conflicting evidence in literature

Limitations:

Early Time-Restricted Feeding improves insulin sensitivity, blood pressure and 
oxidative stress even without weight loss in men with prediabetes
Sutton et al. Cell Metab 2018



Three weeks of time-restricted eating imroves glucose homeostasis in adults with type 2 diabetes but does not improve insulin sensivity: a randomised crossover trial. Andriessen et al. Diabetologia, 2022

Time-restricted feeding improves blood glucose and insulin sensivity in overweight patients with type 2 diabetes: a randomised controlled trial. Che et al. Nutrition & Metabolism,2021

Hypothesis: early Time-Restricted Carbohydrate consumption 
(eTRC)
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Restricting the consumption of carbohydrate-rich food in the morning may provide the same 
cardiometabolic benefits of eTRF while not requiring an absolute daily fast of 16-18 hours 
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Methods: Study Design
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Randomized double-arm clinical trial

Both groups followed a hypocaloric Mediterranean-like diet (50%C, 30%P, 20%F) for 12 weeks

- eTRC: early Time-Restricted Carbohydrate consumption 

- Control: carbohydrates equally distributed during the day

• BIA: bioimpedance analysis
• MMTT: mixed meal tolerance test
• WC: waist circumference
• BP and HR: diastolic and systolic 

blood pressure and heart rate
• FGM-2: flash glucose monitoring

Classification and Diagnosis of Diabetes: Standards of care in diabetes. ElSayed et al . Diabetes care, 2023

Study protocol



• Food diaries were completed 3 days in a row, for two weeks, every 
month, indicating:

- Kind of food
- Raw food weight
- Cooking method
- Timing of the meal

• It was checked at every visit
• Caloric intake and macronutrient subdivision were determined 

by the "CREA" nutritional tables

Methods: Food Diary Analysis

Mediterranean Diet Pyramid: A proposal for italian people. A systematic review of prospective studies to derive serving sizes. D’Alessandro A et al. Nutrients 2019

Effects of low-carbohydrate versus mediterranean diets on weight loss, glucose metabolism, insulin kinetics and beta-cell function in morbidly obese individuals. Tricò et al. Nutrients,2021



Results: Study Flowchart

Consecutive patients 
fulfilling inclusion criteria 
invited to participate
(n = 30)

Declined to participate
(n = 3) 

Patients randomized 
(n = 27)

eTRC diet
(n = 14)

Med diet
(n=13)

Lost at follow up
(n=2)

Included in final analysis 
(n=12)

Included in final analysis
(n=11)

Lost at follow up
(n=2)

Study flow diagram



Results: Characteristics of study participants

Characteristics
eTRC

(n=12)

Control

(n=11)
p

Age, years 71.5 [59.5-74.0] 67.0 [63.0-71.0] 0.688

Women (N, %) 5 (41.7) 6 (54.6) 0.684

BMI, kg/m2 28.2 [26.6-29.4] 30.4 [27-32.8] 0.196

Body Weight 76.9 [67.5-86.5] 82.4 [71.1-94.5] 0.295

Waist Circumference, cm 97.5 [93.3-101.8] 99.0 [96.0-110.0] 0.281

Fat Mass, % 27.8 [25.3-35.8] 34.8 [22.7-44.9] 0.389

Visceral Fat, % 11.5 [8.3-15.0] 12.0 [9.0-17.0] 0.621

Duration of Diabetes, years 6.0 [2.0-10.0] 5.0 [2.0-8.5] 0.730

Alcohol 0.500

Never (N, %) 10 (83.3) 8 (80.0)

Often (N, %) 0 (0) 1 (10.0)

Frequently (N, %) 2 (16.7) 1 (10.0)

Smoking 0.517

Active Smokers (N, %) 0 (0) 1 (10.0)

Ex-Smokers (N, %) 6 (50.0) 4 (40.0)

Systolic blood pressure, mmHg 139.0 [127.5-148.5] 130.0 [118.8-156.5] 0.786

Diastolic blood pressure, mmHg 84.5 [78.0-92.5] 80.0 [78.0-86.3] 0.327

Heart Rate, bpm 75.0 [67.0-76.0] 85.0 [58.5-87.0] 0.461

Data are count  (%) or median . 
Group differences were tested by 
Fisher’s exact test or Mann-
Whitney U-test, respectively.



Results: Characteristics of study participants

Characteristics
eTRC

(n=12)

Control

(n=11)
p

HbA1c, % 6.6 [6.2-6.8] 6.5 [6.5-6.8] 0.755

Fasting plasma glucose, mg/dl 137.0 [102.5-142.5] 118.5 [108.3-143.3] 0.715

Total cholesterol, mg/dl 174.5 [135.5-148] 167 [148-205] 0.712

HDL-cholesterol, mg/dl 55.0 [49.8-64.0] 56.0 [45.0-61.0] 0.902

LDL-cholesterol, mg/dl 104.0 [71.5-133.8] 99.0 [80.0-140.0] 0.622

Triacylglycerol, mg/dl 108.5 [68.5-147.5] 104.0 [83.0-140.0] 0.902

AST, mg/dl 17.0 [16.0-20.0] 22.0 [19.0-27.0] 0.016

ALT, mg/dl 18.0 [13.0-19.8] 23.0 [20.0-38.0] 0.011

Creatinine, mg/dl 0.80 [0.67-0.91] 0.81 [0.68-099] 0.782

Medications

Metformin (N, %) 7 (58.3) 8 (72.7) 0.469

DPP4 (N, %) 0 (0) 2 (18.2) 0.122
Data are count  (%) or median . 
Group differences were tested by 
Fisher’s exact test or Mann-
Whitney U-test, respectively.



Results: Diet Composition

Characteristics
eTRC

(n=12)

Control

(n=11)
p

Prescribed diet composition

Total energy, Kcal 1539 [1300-1759] 1520 [1389-1738] 0.878

Carbohydrates, % 49.0 [48.3-49.8] 50.0 [48.0-50.0] 0.329

Fat, % 28.0 [26.3-30.0] 29.0 [28.0-30.0] 0.609

Protein, % 23.0 [21.0-24.8] 22.0 [20.0-22.0] 0.287

Estimated diet composition

Total energy, Kcal 1236 [1124-1292] 1253 [1211-1780] 0.196

Carbohydrates, % 44.5 [36.6-52.1] 44.8 [38.2-51.4] 0.644

Protein, % 22.3 [18.9-26.5] 21.4 [18.5-23.4] 0.460

Fat, % 32.0 [27.9-35.3] 29.9 [27.5-35.6] 0.644

Carbohydrates at breakfast, % 25.7 [21.2-33.3] 16.3 [11.4-23.7] 0.008

Carbohydrates at lunch, % 61.7 [51.1-67.6] 57.7 [45.5-62.6] 0.325

Carbohydrates after lunch, % 8.8 [6.4-15.6] 28.1 [24.0-31.1] 0.0026

eTRC Control

Prescribed and self-reported dietary intake, 
Data are median  



Results: Body Weight and Composition

Change s in  body weight, fat mass, waist circumference, visceral fat in 
individuals with type 2 diabetes randomly assigned to a 12-week eTRC diet 
8red circles) or a Mediterranean-style control diet (blue tirangles) with 
matched calorie restriction and macronutrient distribution.



Results: Glucose and lipid metabolism

Change s in  fasting glucose, HbA1c, total 
and fractional cholesterol, triglycerides in 
individuals with type 2 diabetes randomly 
assigned to a 12-week eTRC diet 8red 
circles) or a Mediterranean-style control 
diet (blue tirangles) with matched calorie 
restriction and macronutrient distribution.



Results: Blood Pressure and Heart Rate

Change s in  systolic and diastolic blood pressure and heart rate in individuals with type 2 diabetes 
randomly assigned to a 12-week eTRC diet 8red circles) or a Mediterranean-style control diet (blue 
tirangles) with matched calorie restriction and macronutrient distribution.



Results: Safety Parameters

Change s in  kidney markers, uric acid , liver markers, 
erythrocyte sedimentation rate, TSH in individuals with 
type 2 diabetes randomly assigned to a 12-week eTRC diet 
8red circles) or a Mediterranean-style control diet (blue 
tirangles) with matched calorie restriction and 
macronutrient distribution.



Results: Mixed Meal Tolerance Test (MMTT)



Results: Flash Glucose Monitoring (FGM)

eTRC Control



Sensitivity Analysis: Correlation Analysis

Correlations between percent carbohydrate intake 
after lunch during the 12week intervention and diet-
induced changes in body weight, fat mass, visceral fat, 
fasting glucose, HbA1c, Matsuda index, triglycerides, 
LDLc , ALT in individuals with type 2 diabetes randomly 
assigned to a 12-week eTRC (red circles) or a 
Mediterranean-style control diet (blue triangles) with 
matched calorie restriction and macronutrient 
distribution



Summary: Key findings

Body weight

Fat mass
 

ALT

GGT

eTRC and Control experience significant and comparable:

Insulin resistance 

TG

HbA1c

Fasting plasma glucose

Time restriceted eating: a dietary strategy to prevent and treat metabolic disturbances.
Schuppelius et al. Frontiers in Endocrinology 2021



Conclusions

eTRC can be an effective and safe alternative to a 
conventional Mediterranean diet, without additional 
metabolic benefits

Weight loss is extremely important for the management of 
Type 2 Diabetes

There is no evidence proving that one strategy is better than 
the others: the most successful strategy for each patient will 
likely be the one more feasible for the specific individual, 
allowing for greater and longer adherence 
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