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Blood glucose responses to 3-days of early or late time-restricted 
feeding in obese adults  

Background information  

Worldwide obesity has nearly tripled since 1975 (WHO, 2020) increases 

 risk of several chronic diseases, including type 2 diabetes (

An emerging 

  is time-restricted 

eating (TRE) . This approach is to consume all daily calories within 

a prescribed daily time window, followed by a prolonged period of fasting over a 24 hour 

period. an 8 hour window to consume food, 

followed by 16 hours of fasting, im

 more extreme 

intermittent fasting (i.e. 4 hours feeding followed by 20 hours fasting) 

or alternate day fasting (abstaining from calories over 24 hours for several days per week) 

have also shown benefit  th
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ircadian rhythms tightly regulate metabolism.

 There is 

However, it remains unclear 

whether findings are a result of reduced calorie intake by restricting the eating window in 

general or physiological adaptations in energy metabolism.  

To date, one study compared glycaemic control outcomes in a crossover design 7 days of 

early (eTRE) with delayed (dTRE) eating (Hutchison et al. 2019) in men with prediabetes. 

Despite eTRE reducing fasting glucose compared to unrestricted feeding, no differences 

were detected between eTRE and dTRE in other glycaemic outcomes. However, no data 

was presented on food intake (total energy intake or macronutrient composition) during the 

unrestricted or time-restricted periods, which makes data interpretation difficult, potential 

differences in habitual diet during the separate testing periods might have interfered with 

the data. 

Furthermore, it is unknown whether currently shown improvements in glycaemic control 

are the result of a cumulative or adaptive effect of multiple days of TRE or already 

observed acutely. For example, Parr et al. 2020  showed that after 5 days of TRE, blood 

glucose concentrations over 24 hours were lower compared to extended feeding, which 
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was mainly attributed to lowered nocturnal blood glucose. However, it was unclear whether 

such an effect is a direct, acute result of the feeding strategy or a result of adaptation.

Aims and objectives   

 the differences in i) early TRE and ii) late TRE on free-living blood 

glucose concentrations.

Aim 2: Investigate the difference in the acute (1 day) and accumulative (3 day) response of 

free-li  during the two conditions. 

Objective 1: To achieve aims one and two, the two conditions will be

in i) early TRE and ii) late TRE fasting blood 

biochemistry. 

Objective 2: To achieve aim three, pre- and post- fasting blood samples will be taken for 

each of the two conditions to investigate any changes in metabolic profile. Full phenotypic 

data will be collected at baseline (i.e. components of Metabolic Syndrome and HOMA-

IR).    

Programme of work   

Participants 

Adult men and women (aged 45 - 60 years) who are classed obese and overweight (BMI 

≥25 kg/m2) and have central adiposity (defined by IDF ethnicity specific threshold for waist 

circumference) will be recruited from local weight management clinics where well-

established relationships with Manchester Metropolitan University already exist. Only 

those who typically eat/drink for greater than 12 hours per day and are not currently 
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meeting ACSM activity guidelines of at least 150 min of moderate intensity exercise per 

week will be recruited.  

Exclusion criteria will include smokers, type 1 or 2 diabetes, those who are pregnant, 

alcohol consumption >14 units weekly, those with disturbed eating patterns or diagnosed 

eating disorders or intolerance/ allergies to certain foods supplied in the diet. Also, 

participants will be excluded if they had recent major body weight change (+/- 3kg in the 

last month), are shift workers, or diagnosed and medicated diseases of the following: 

ischemic heart disease, heart disease, respiratory disease, chronic kidney disease and 

endocrine conditions. Special communication needs and/or unable to understand verbal 

and written information in English. Full ethical procedures (e.g. informed consent, right to 

withdraw) will be adhered to.   

Screening  

creening will include anthropometrics, body 

composition, blood pressure, capture of medical records and family history as well as 3-

day assessment of physical activity (accelerometer) and written dietary records to reflect 

habitual diet. Females will be asked for menstrual and contraceptive information.   

Study design   

In a randomized crossover trial, participants will follow two days of time restricted feeding. 

During this trial, both early time-restricted eating (early TRE: eating window between 8 AM 

and 4 PM) or late time-restricted eating (late TRE: eating window between 12 AM and 8 

PM) will be utilised. All meals will be the same on the trial days but will be consumed at 

different prescribed times. The diet will contain three main meals and two snacks to be 

consumed in free-living conditions. Before and after each condition, a fasting blood sample 

will be collected. During the condition and 3-days before (i.e. 6 days for each condition), 

participants will be wearing a continuous glucose monitoring (CGM) device to measure 
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blood glucose and an accelerometer to measure activity and sleep pattern. The diet for the 

days will be provided and instructions to the participants when to consume the meals will 

be explained. Participants will be asked to report their consumption plus any non-caloric 

fluids (coffee, tea, water) and standardize these in all conditions. The morning after a final 

trial day, participants will be interviewed about their attitudes towards the diet patterns. The 

wash out period between experimental conditions will be at least 7 days before the other 

condition is analysed.  

 

 
Figure 1: Schematic of study protocol, timing of measurements and timing of meals. 

 

Dietary intervention  
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The diet in each of the conditions will be isocaloric and eucaloric and matched with 

regards to total energy intake and macronutrient composition per meal. Relative energy 

intake distribution will be in line with recommendations from the NHS (breakfast 20%, 

lunch 30%, dinner 30%, snacks 2 x 10%). Diet composition details and timings of each 

meal or snack are presented in supporting document 2. Total daily energy intake on trial 

was based on REE obtained from Mifflin St-Jeor equations multiplied by factor 1.4 for 

physical activity levels. Macronutrient composition was CHO: 50% of EI, Fat: 30% of EI 

and PRO: 20% of EI. It is recognised that the energy intake and macronutrient composition 

during the study conditions may be different to that of the participants usual diet. Their 

habitual dietary intake will be collected and analysed, however this is notoriously under 

reported in obese adults (Rennie et al. 2007). Our approach in this cross-over design 

(where each participant is acting as its own control) is to standardise based on the NHS 

recommendations ensuring parity between participants.   

Experimental measures  

3 day screening of physical activity and dietary status:   

• Objectively monitored physical activity using a wrist worn accelerometer 

(GENEActiv); >90% wear time will be required.   

• Habitual daily food intake using a paper, or electronic (participants preference) food 

diary. On receipt, any further information required will be obtained verbally by the 

researcher and noted, the diaries will be analysed using Nutritics software.   

Continuous Glucose Monitor:   

• 24-36 hours prior to the first experimental visit, participants will be fitted with a 

continuous glucose monitor, implanted into the subcutaneous tissue of their body.   

• On completion of condition, this data will be downloaded and analysed for 

outcomes outlined below.  

Dietary compliance, adherence and appetite:   
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• Participants will be asked to record their dietary intake throughout, indicating the 

time of meal ingestion. They will also record any adverse or unusual events such as 

being unable to finish a meal.  If the participant suffers from an illness during the 

window where the modified diet is consumed, they will be instructed to consume 

whatever food they desire and their data will not be analysed. 

 

Fasting blood biochemistry:   

• A fasting blood sample will be taken from the antecubital vein/ capillary blood at 

8am on the morning beginning a 3-day condition and 8am on the day after (i.e. 4th 

day).   

• Analysis will be performed to determine any changes in:  

◦ Glucose, insulin, triglycerides, HDL, LDL, Non-Esterified Fatty Acid (NEFA), 

adiponectin, apolipoprotein.  

◦ Glucose, insulin, and NEFA will be used to determine any changes in insulin 

resistance (i.e. HOMA-IR and adipose IR).   

◦ Albumin and alkaline phosphatase to assess any changes in liver function.   

◦ Appetite hormones (leptin and ghrelin) to assess any changes related to 

hunger.    

Outcomes  

Primary: average AUC for blood glucose over 3-day period between three conditions.  

Secondary: Compare the effects of early TRE vs late TRE on:  

• To compare the time spent above 7.8 mmol.L-1 (CGM data) during the free-living 

period  - i.e. does time restricted feeding (early TRE vs late TRE) reduce time spent 

in hyperglycaemia?  

• Free-living glycaemic variability using data collected from the CGM (Mean 

Amplitude Glycaemic Excursions [MAGE] scores for example; mean postprandial 

glycaemia (breakfast, lunch and dinner))   
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• Differences in above outcomes between day 1 and day 3  

• Dietary compliance (any difference in energy intake)  

• Differences in metabolic profile determined by fasting blood biochemistry  

Sample size calculation  

Sample size calculations were run with commercially available software (G*Power 3.1.9.4) 

using ANOVA - repeated measures within factors. Based on previous experiments by Parr 

et al. 2020a, comparing TRE with extended feeding for 5 days, with an effect size f of 0.36 

on nocturnal [glucose AUC] (effect size d = 0.72; f = 1/2d) and an α = 0.05 and a power of 

0.8, a sample size of 14 participants was required. To account for drop out, sample size 

was increased 17.  

Data analysis  

Tools/software: Excel, SPSS, Nutritics (diet analysis), LibreView (CGM analysis), ActivLife 

(physical activity).  

Anonymised data will be downloaded from these tools to relevant software before data is 

combined in Excel. SPSS will be used to determine descriptive (e.g. mean, standard 

deviation) and perform inferential statistics (e.g. Dunnett's test). 

Timeline  

Given the existing infrastructure of this project, for example recruitment links and priority 

access to the human and biochemical physiology laboratories, this project is deliverable in 

18 months. Full risk assessment and Covid-19 mitigations are in place to conduct the 

research during these unprecedented times. Ethical submission is in progress to 

commence the study in July 2021. Each participant has a total of 5 (one screening, four 

assessment) 30-45 minute study visits, separated over a period of ~4 weeks; based on the 

sample calculation of 17 participants required, the work is feasible. Furthermore, 

postgraduate students and other members of staff are also available to offer support in the 

logistical running of the project where appropriate.   
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Lay description   
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