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Abstract: Background: Weight loss and energy restriction are potential strategies for reducing cancer 

risk, particularly if they reduce ectopic body fat and improve insulin resistance. This randomised 

study compared the effects of intermittent energy restriction (IER) to continuous energy restriction 

(CER) on hepatic, pancreatic and intramuscular fat, and insulin resistance. Method: Premenopausal 

women with obesity (n=28) were randomised to two months of 25% energy restriction: IER (2 

days/week 600 kcal and 5 days/week Mediterranean diet) versus CER (7 days/week Mediterranean 

diet). Changes in body weight, hepatic, pancreatic and intramuscular fat (magnetic resonance 

spectroscopy) and insulin resistance (HOMA and oral glucose tolerance test), body fat and muscle 

mass (bioelectrical impedance), resting metabolic rate (RMR, indirect calorimetry) were assessed 

during the energy restricted and normal eating days of IER compared to CER. Results: 9 IER and 11 

CER participants completed the trial. IER and CER had comparable reductions in body weight mean 

(SD): IER -6.7(1.4) kg CER -6.2(2.9) kg, and reductions in hepatic, pancreatic and intramuscular fat 

stores. Fasting measures of insulin resistance (HOMA IR, HOMA-β and fasting insulin) reduced in 

the CER group and with IER when assessed immediately after the two low energy days but were not 

maintained during normal eating days. There were no changes in 2-hour glucose in either group. 

Conclusions: IER and CER have comparable reductions in weight and ectopic fat stores. The clinical 

significance of the failure to maintain beneficial insulin sensitivity across the week with IER is not 

known and requires further study. 

Keywords: obesity; cancer risk; hepatic fat; pancreatic fat; intramuscular fat; insulin resistance; 

metabolic rate; fat free mass 

 

1. Introduction 

Obesity, defined as high body mass index, is a well-established risk factor for post-menopausal 

breast and other cancers[1]. Risk of postmenopausal breast and other cancers have been shown to be 

specifically linked to excess body fat in combination with increased serum insulin and insulin 

resistance [2–5]. 
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Ectopic fat stored in the liver may have specific links to risk of breast and other non-hepatic 

cancers in women [6] mediated by systemic effects of hyperinsulinemia and insulin resistance [2,5], 

including direct mitogenic effects of insulin and associated increases in bioavailable sex hormones, 

increased leptin, reduced adiponectin and chronic inflammation. 

Weight loss and energy restriction are potential strategies for reducing cancer risk, particularly 

if they can reduce ectopic body fat and improve insulin resistance. Some (though not all), previous 

studies have reported weight independent improvements in markers of HOMA insulin resistance 

with Intermittent Energy Restriction (IER) diet versus a Continuous Energy Restriction (CER) [7], 

including subjects with impaired glucose metabolism and pre-diabetes[8]. A study in female 

C57BL/6J mice reported ectopic and visceral fat stores were mobilised with IER regimens which 

include spells of 70% energy restriction or greater but fat store mobilisation was not achieved with a 

daily 25% energy restriction[9]. 

We conducted a randomised controlled trial to compare the effects of IER versus CER diets on 

body weight, body fat and magnetic resonance spectroscopy (MRS) measurements of hepatic, 

pancreatic and intramuscular fat deposition, and markers of insulin resistance in women living with 

obesity who were at increased risk of breast and other weight related cancers. MRS and insulin 

resistance measures were assessed during the normal eating phase (during the five normal eating 

days of the week at least two days after the low calorie days), and the energy restricted phase (when 

fasted the morning after two restricted days) in the IER group to assess the overall effects of IER 

across the week vs. CER. 

2. Materials and Methods 

2.1. Study Design and Participants 

The eight-week two arm randomised trial was performed at the family history clinic at the 

Prevent Breast Cancer Research Unit, Manchester University Foundation Trust (recruitment, dietary 

intervention advice, measurement of resting energy expenditure and anthropometric measures), the 

Wolfson Molecular Imaging Centre, The Christie NHS Foundation Trust (MRS) and the endocrine 

unit at The Christie NHS Foundation Trust (insulin resistance measures) January to November 2015. 

The study is written in accordance with CONSORT reporting guidelines (Table S1). The IER and CER 

interventions are described using the Template for Intervention Description and replication (TIDieR) 

checklist (Table S2) [10]. 

Women with a family history of breast cancer were recruited by mailed letters from the family 

history clinic. We also recruited women with no known family history by email to employees at 

Manchester University Hospitals and The Christie NHS Foundation Trusts and the University of 

Manchester (Figure 1). Eligibility criteria included being premenopausal aged >30 and ≤45 years, BMI 

30-45kg/m2, non–smoker, sedentary (less than 40 minutes moderate exercise per week) and excluded 

those already losing weight, with previous bariatric surgery or receiving weight loss medications, a 

previous history of cancer. We excluded individuals with factors which could have weight 

independent effects on hepatic fat including comorbidities like non-alcoholic fatty liver disease, 

diabetes, viral hepatitis, fibrosis, human immunodeficiency virus, current or recent (within 6 months) 

medications i.e. oral contraceptives, tamoxifen, statins, amiodarone, methotrexate, corticosteroids, or 

alcohol intake > 140 g /week. Also, those who were contraindicated for MR imaging (e.g. pacemaker 

or body weight > 125 kg). 
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Figure 1. Characteristics of those completing the study and included in the analysis are reported in. 

2.2. Randomisation 

Eligible participants were randomised 1:1 to IER or CER by an independent research 

administrator using a minimisation programme which stratified for whether participants were above 

or below the predicted median BMI 35 kg/m2. Laboratory staff undertaking serum assays and MRI 

scanning were blinded to the participant study arm. It was not possible to blind study participants 

or other staff. 

2.3. Dietary Interventions 

The IER and CER interventions both involved an overall 25% energy restriction below estimated 

requirements. Baseline energy requirements for each participant were estimated using indirect 

calorimetry (Fitmate GS portable desktop indirect calorimeter (Cosmed, Rome Italy). 

The IER group was prescribed a low carbohydrate energy restricted diet (600 kcal, <50g 

carbohydrate, 50 g protein day) (70% energy restriction) for two consecutive days and ~1900 kcal 

Mediterranean diet for the remaining five days of the week. Each of the two low carbohydrate 600 

kcal energy restricted days included approximately 300g of lean protein foods e.g. lean meat, fish, 

eggs, tofu, Quorn, textured vegetable protein, three portions of low fat dairy foods, five portions of 

low carbohydrate vegetables, one portion of low carbohydrate fruit and two pints of low energy 

drinks. The five unrestricted days were based on a Mediterranean diet which provides 30% energy 

from fat (15% monounsaturated fat [MUFA] 8% polyunsaturated [PUFA] 7% saturated [SFA]), 25% 

energy from protein and 45% from low glycaemic load carbohydrate and allows up to 10 units of 

alcohol per week. Participants randomised to CER were prescribed a daily 25% energy restricted 

Mediterranean diet (approximately 1500kcal/day) for seven days/week. The Mediterranean diet 

provides 30% energy from fat (15% MUFA, 8% PUFA, 7% SFA), 25% energy from protein and 45% 

from low glycaemic load carbohydrate and allows up to 10 units of alcohol per week. The IER and 

CER diets were matched for energy and had an optimal macronutrient composition for limiting 

hepatic fat fraction (HFF) : 45% energy from carbohydrate, 25% from protein and 30% from fat (15% 

MUFA, 7% SFA and 8% PUFA) and allowed up to 10 units of alcohol per week. 
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Foods eaten on the IER and CER diets were self-selected by the patients and not provided by the 

study team. The IER and CER groups received clear instructions of how to follow their allocated diet 

in a face-to-face dietary consultation with one of the trial dietitians (45-60 minute appointment) at the 

Prevent Breast Cancer Research Unit who had experience of delivering intermittent and daily diets. 

Both groups received comprehensive written instructions of how to follow the diets at home, 

including recommended portion sizes, recipes, and suggested meal plans. They also received 

appropriate behavioural techniques to promote dietary adherence i.e. self-monitoring of diet and 

weight, and goal setting. Both groups were counselled to maintain their current sedentary lifestyle to 

allow any effects of diet change to be assessed without confounding effects from changes in physical 

activity level. 

Participants had a telephone call from their allocated dietitian one week after starting the diet to 

check that they had started the diet, their understanding of the diet and to provide any trouble 

shooting advice. Both groups attended the Prevent Breast Cancer Research Unit in weeks 2, 4, and 6 

for a face-to-face review and weigh in with their allocated dietitian with phone calls in week 3, 5 and 

7 to discuss adherence and any problems with the diet. Both groups were asked to record paper or 

online (My Food 24 https://www.myfood24.org/) 7-day food records during study weeks 3, 5 and 8. 

This allowed the team to assess adherence to their allocated diet and served as an important tool to 

enhance adherence. 

2.4. Outcome Measures and Relevant Methods 

2.4.1. Primary Outcome Measure 

The primary outcome measure was change in quantity of intrahepatic fat (hepatic fat fraction 

HFF) determined using MRS after 8 weeks of the dietary interventions at least two days after the 

energy restricted days, on normal eating days in the IER group. MRS was used to measure water and 

fat in the organ as reported previously (11) on a 1.5T Philips Achieva 1.5T scanner (Best, The 

Netherlands). Details of the acquisition and processing of the MRS data are provided in 

Supplementary file 1. 

2.4.2. Secondary Outcome Measures and Relevant Methods 

Secondary outcomes were changes in the following parameters after eight weeks on the diets on 

normal eating days in the IER group: 

1. Quantity of pancreatic fat fraction (PFF) and calf intramyocellular and extramyocellular fat 

fraction (CIFF) determined using MRS, as above with further details in Supplementary file 1. 

2. Body weight, total body fat and fat free mass were assessed with bioelectrical impedance (Tanita 

180, Tokyo, Japan) after fasting for 5 or more hours. 

3. Measures of insulin resistance determined using an Oral Glucose Tolerance Testing (OGTT) i.e. 

fasting homeostasis model assessment (HOMA)-IR (insulin resistance) and HOMA-β (beta cell 

function) (version 2.23 h�p://www.ocdem.ox.ac.uk/), fasting and 2 hour glucose, average C–

peptide (insulin production) insulin and glucose and glucose area under the curve from serum 

measurements taken at baseline and after 60, 90, 120, 150, 180 minutes across the OGTT. Insulin 

and C-peptide samples were centrifuged immediately after collection to separate the serum from 

the cells and samples stored at -70°C, and were measured at the University of Aarhus, Denmark. 

Samples for blood glucose and lipids were analysed the same day at the Endocrine Unit at 

Christie Hospital. 

4. Resting metabolic rate (RMR) estimated from oxygen consumption over 5-15 minutes steady 

state minutes under standardised conditions i.e. after fasting for 5 or more hours, avoiding 

caffeine and exercise for 2 hours of more and after 20 minutes lying at complete rest using the 

(Fitmate GS portable desktop indirect calorimeter, Cosmed, Rome Italy). RMR was estimated 

from oxygen consumption using the Weir equation RMR [kcal/day] = 

(3.9+1.1*RQ)*VO2[ml/min]*1.44 assuming a fixed respiratory quotient (RQ) of 0.85 [11]. This was 
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reported as the actual value and as percentage of RMR predicted with the Mifflin equation to 

standardise for changes in body weight. 

5. Fasting lipids (total, LDL HDL cholesterol and triglycerides), blood pressure. 

6. Hepatic fat fraction from MRS and insulin resistance measures were also assessed during the 

energy restricted phase (when fasted the morning after two restricted days) in the IER group to 

assess the overall effects of IER across the week vs. CER. 

7. Dietary intake of mean daily energy, protein, carbohydrate, total fat, SFA, PUFA, MUFA, fibre 

(Englyst method) and weekly alcohol intakes in the IER and CER groups were assessed using 

either the paper or online food diaries (My Food 24 h�ps://www.myfood24.org/) completed at 

baseline and study weeks 3, 5 and 8. The IER group were also asked to record their adherence 

to the 2-day IER each week in a study diary sheet. Weekly leisure physical activity level 

(International physical activity questionnaire long version [IPAQ]) in metabolic equivalent 

minutes/ day (MET) was assessed at baseline, week 4 and week 8 to indicate whether 

participants remain sedentary throughout the trial[12]. 

8. Serious adverse events were recorded within the study using the Common Terminology Criteria 

for Adverse Events (CTCAE) Version 4.0[13]. 

2.5. Statistical Methods 

The sample size of 14 subjects per group was chosen to detect a difference of 15% in the reduction 

of hepatic fat fraction between the two different diets, assuming an estimated 20% drop-out rate. 

Calculations assume a two-sided t-test with estimated standard deviation of 10% and the 

conventional 5% significance level. 

The analysis was performed on a per-protocol basis amongst participants who had completed 8 

weeks on their allocated diet, as the study aimed to investigate the mechanistic effect of diet rather 

than an intention to treat comparison of the two diets. Statistical significance was assessed at the two-

sided 5% significance level. 

Descriptive statistics were presented using means, standard deviations, and ranges for normally 

distributed variables. Mixed effects models were used to account for the multiple observations per 

patient using generalized linear latent and mixed models (GLLAMM) performed in STATA version 

16. An interaction term between time and randomised group was used to assess whether there was 

a significant difference in the change over time between the groups. Insulin resistance and lipid 

biomarker analyses were adjusted for day of the menstrual cycle [14,15]. 

Individual participant change in hepatic and pancreatic fat between baseline and week 8 were 

reported in waterfall plots. Pearson correlation analyses were performed for the relationship between 

changes in hepatic and pancreatic with weight and with the insulin resistance variables HOMA-IR , 

HOMA-β and 2-hour glucose within the OGTT. Dietary intake and leisure time physical activity at 

baseline and across the IER and CER interventions were reported. 

3. Results 

3.1. Recruitment and Retention and Participants Recruited to the Study 

Twenty-eight participants were recruited and randomised to IER (n=14) and CER (n=14), 16 were 

recruited from the family history clinic who all had an estimated lifetime breast cancer risk with the 

Tyrer Cuzick model of ≥17%[16]. Clinic recruitment was via a mailed invitation letter (1% uptake, 

16/1153 invitations sent) and a further 12 were women with no known family history of breast cancer 

were recruited from promotional emails and posters within the hospitals and the university where 

the research was taking place. 

Five of the IER group withdrew prior to week 7 (3 loss of contact, 1 had a large dermoid ovarian 

cyst detected on the MRI scan, 1 was diagnosed with ovarian cancer). Three of the CER group 

withdrew prior to week 7 (1 did not tolerate the OGTT and 2 did not wish to complete 8 weeks of the 

diet). At the end of the study there were nine completers of the 14 recruited to IER (64%) and 11 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 February 2025 doi:10.20944/preprints202502.0811.v1

https://doi.org/10.20944/preprints202502.0811.v1


 6 of 18 

 

completers of the 14 recruited to CER (79%), see Figure 1 Consolidated Standards of Reporting Trials 

(CONSORT). 

Table 1. Mean (SD) age of the completers was 40.1 (5.6) years and mean (SD) BMI was 34.7 (4.3) 

kg/m2. The cohort was white (19/20, 95%) and included 1 black African participant (1/20, 5%). 

Table 1. Baseline characteristics of the participants completing the study. 

  
IER 

 

CER 
 

N = 9 N = 11  

Age (years)  38.9 (6.1)  (25 - 45) 42.2 (5.7) (31 - 45)  

BMI (kg/m2)  
34.0 (2.6) (31.0 - 

38.3) 
35.5 (4.4) (29.8 - 43.4)  

Increased risk of breast 

cancer * 

Population risk n (%) 

5 (55%)  

4 (45%) 

8 (73%) 

3 (27%) 
 

Ethnicity n (%) 

White British/ White other 

Black African  

 

9 (100%) 

0 (0%) 

 

10 (91%) 

1 (9%) 

 

Deprivation score ** 

1 (most deprived) 

2 

3 

4 

5 (least deprived) 

0 (0%) 

6 (43%) 

2 (14%) 

2(14% 

4 (29%) 

2(14%) 

2(14%) 

1 (7%) 

3 (21%) 

10 (43%) 

 

Body fat-%  
41.4 (3.9) (35.2 - 

48.1) 
43.2 (3.7) (34.9 - 47.6)  

Body fat - kg  
38.5 (5.8) (32.0 - 

48.0) 
42.4(9.8) (26.3 - 60.5)  

Fat free mass - kg  
54.2 (5.7) (44.2 - 

62.6) 
54.7 (5.5) (49.0 - 66.6)  

Waist circumference - cm  
113.1 (6.6) (102.0 - 

124.0) 
114.4 (13.2) (91.3 – 132.0)  

Hip circumference - cm  
117.3 (6.9) (110.1 – 

129.3) 
122.1 (9.8) (111.3 - 139.2)  

Hepatic fat fraction- %  
3.27 (3.30) (0.42 - 

9.00) 
5.16 (3.94) (0.15 - 11.78)  

Pancreatic fat fraction- %  
4.15 (2.96) (0.04 - 

9.82) 
5.50 (6.35) (0.21 - 22.3)  

Calf fat fraction % 
6.37 (2.41) (3.71 - 

9.59) 
7.26 (2.01) (5.34 - 11.84)  

Fasting glucose - mmol / L 5.1 (0.3) (4.6 - 5.7) 4.8 (0.3) (4.5 - 5.3)  

2 hour glucose mmol/L 5.7 (1.3) (3.6 - 7.6) 6.3 (1.6) (4.7 - 9.2)  

Fasting insulin - mmol / L 93.5 (26.1) (65 - 155) 92.6 (32.5) (49 - 139)  

Fasting C peptide ng / ml  3.4 (0.8) (2.7 - 4.6) 3.3 (0.9) (2.2 - 4.6)  

HOMA1-IR 1.71 (0.36) (1.3 - 2.6) 1.77 (0.72) (0.9 - 3.2)  

HOMA1-%B 
135.3 (23.9) (102.3 -

171.2) 
154 (46.5) (107.5 - 267)  

Total Cholesterol 5.0 (0.96) (4.0 - 6.6) 5.4 (0.9) (4.0 - 6.9)  

LDL cholesterol  3.2 (0.9)(2.4 - 4.6) 3.4 (0.7) (2.3 - 4.4)  

HDL cholesterol  1.3 (0.2) (1.1 - 1.6) 1.4 (0.2) (1.1 - 1.7)  

Triglyceride 1.0 (0.2) (0.8 - 1.2) 1.4 (0.7) (0.7 - 2.6)  
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Systolic blood pressure 

mm hg  
127 (17) (115 - 167) 127 (11) (109 - 142)  

Resting energy 

expenditure - Kj  

6452 (894) (5266 - 

7912) 
6464 (849) (5308 - 8008)  

Mean (SD)(minimum maximum)  

*Estimated lifetime risk with Tyrer Cuzick model ≥17%  

** https://www.gov.uk/government/statistics/english-indices-of-deprivation-2010 

 

3.2. Changes in Weight and MRS Fat Stores with IER and CER 

Examples of MR spectra from liver, pancreas and calf muscle are shown in Figure S1 and Figure 

S2. The spectra contain two prominent signals, from water at a frequency of 4.7 ppm and from fat 

(CH2)N chains at ~1.3 ppm. The spectra were fitted to a model consisting of water and fat signals and 

the output of the model was the water and fat content of the tissue voxel in instrumental units. The 

fat fraction was calculated as the ratio of the fat signal to the sum of the fat and water signals. 

Mean (SD) and minimum and maximum weight and MRS fat stores at baseline week 7 and week 

8 are reported in Table 2. Between baseline and week 8 there was comparable absolute and percentage 

weight loss between the groups mean (SD): IER -6.7 (1.4) kg -7.2 (1.6) % , CER -6.2 (2.9) kg 6.3 (3.1) %. 

Both groups experienced comparable reductions in HFF% and PFF% at week 7 and 8 and reductions 

in CIFF % at week 7 only. There was no interaction for change in weight or any of the fat stores at 

week 7 or week 8 between IER and CER in the GLLAMM model (Table 3). 

Table 2. Adiposity and metabolic markers at baseline and week 7 and week 8 for completers (per protocol 

analysis). 

Variable Group N Baseline Week 7 Week 8 

Weight and body fat measures  

Body weight-kg 

IER 9 
92.7 (9.0), 83.9-

109.4 
No data 86.0 (8.9), 78.0-102.5 

CER 11 
97.1 (15.0), 7.3-

127.2 
No data 90.9 (14.7), 73.7-122.0 

Body fat (kg) 
IER 9 38.5 (5.8), 32.0-48.0 No data 34.1 (6.2), 26.1-44.2 

CER 11 42.4 (9.8), 26.3-60.5 No data 38.2 (9.5), 26.6-58.3 

Hepatic fat (%) 
IER 9 3.3 (3.3), 0.42-8.97 1.2 (1.3), 0.06-3.75 1.0 (1.0), 0.01-2.70 

CER 11 5.2 (3.9), 0.15-11.78 2.7 (2.4), 0.02-7.02 2.5 (2.4), 0.015-7.57 

Pancreatic fat 

(%) 

IER 9 4.2 (3.0), 0.04-9.82 2.6 (2.3), 0.04-7.68 2.1 (2.0), 0.04-6.26 

CER 11 5.5 (6.4), 0.21-22.30 
4.2 (5.3), 0.22-

19.20 
3.9 (4.7), 0.13-16.40 

Calf fat fraction 

%a 

IER 8 6.4 (2.4), 3.71-9.59 5.3 (2.3), 2.87-9.77 5.6 (2.1), 3.18-8.74 

CER 11 7.3 (2.0), 5.34-11.84 
7.0 (2.0), 4.68-

10.24 
6.9 (1.7), 3.19-9.41 

Fat free mass-kg 
IER 9 54.2 (5.7), 44.2-62.6 No data 52.0 (5.2), 42.7-60.6 

CER 11 54.7 (5.5), 49.0-66.7 No data 52.8 (5.4), 46.4-63.8 

Oral glucose tolerance test 

Fasting HOMA-

IRb 

IER 9 1.7 (0.4), 1.3-2.6 1.2 (0.2), 0.8-1.5 1.6 (0.7), 1.0-3.2 

CER 10 1.8 (0.7), 0.9-3.2 1.3 (0.4), 0.9-2.0 1.3 (0.4), 0.8-2.1 

Fasting HOMA-

βb 

IER 9 
135.3 (23.9), 

102.3-171.2 

114.1 (21.4), 

85.2-154.2 

143.9 (44.1), 

101.7-216.6 

CER 10 
157.5 (47.7), 

107.5-266.8 

127.6 (25.8), 

96.0-166.7 

119.3 (24.3), 

89.0-166.4 

Fasting insulin b 

(pmol/l) 

IER 9 
93.5 (26.1), 

65.0-155.0 

63.0 (14.8), 

42.0-85.0 

88.5 (35.1), 

56.7-162.7 

CER 10 95.8 (32.4), 74.7 (23.6), 78.8 (45.3), 
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49.0-139.3 46.7-114.3 45.0-203.0 

Fasting glucoseb 

(mmol/l) 

IER 9 5.1 (0.4), 4.6-5.7 4.9 (0.4), 4.4-5.5 4.8 (0.4), 4.4-5.3 

CER 10 4.8 (0.3), 4.4-5.3 4.8 (0.2), 4.5-5.1 4.9 (0.4), 4.5-5.8 

Two hour 

glucose b 

(mmol/l) 

IER 9 5.7 (1.3), 3.6-7.6 5.8 (0.9), 4.9-7.6 5.4 (1.8), 2.8-9.3 

CER 10 6.5 (1.6), 4.7-9.2 5.8 (1.3), 4.0-8.6 5.8 (1.6), 4.6-9.9 

Area under the curve OGTT over 180 minutes OGTT 

Glucose/ mmol/ 

L b 

 

IER 8 6.2 (0.9), 5.0-7.5 6.3 (0.8), 5-7.4 6.0 (1.2), 4.4-8.3 

CER 10 6.4 (1.1), 5.0-8.3 6.1 (1.1), 4.9-8.4 6.1 (1.2), 4.6-8.8  

Insulin pmol/ L 

b 

IER 9 
360.1 (162.0), 

191.2-669.2 

325.6 (128.6), 

209.1-610.7 

329.3 (127.0), 

162.6-585.6 

CER 10 
451.2 (288.1), 

147.3-1170.9 

337.7 (122.0), 

186.4-515.6 

316.2 (164.9), 

158.6-724.2 

C-peptide (ng/ 

ml) b 

IER 9 9.5 (3.0), 5.5-13.8 10.0 (2.3), 6.6-12.7 8.9 (2.1), 4.9-11.6 

CER 10 9.6 (3.1), 6.0-16.5 9.1 (2.6), 5.8-13.0 8.7 (3.1), 5.8-15.3 

Lipids  

Total 

cholesterol 

(mmol/L) b 

IER 9 5.0 (1.0), 4.0-6.6 4.4 (0.8), 3.6-6.0 4.3 (0.7), 3.7-5.9 

 CER 10 5.3 (0.9), 4.0-6.9 4.6 (0.9), 3.2-5.6 4.6 (0.7), 3.4-5.3 

Triglyceride 

(mmol/L) b 

IER 9 1.0 (0.2), 0.8-1.2 0.8 (0.1), 0.6-0.9 0.8 (0.2), 0.6-1.2 

CER 10 1.4 (0.7), 0.7-2.6 1.1 (0.4), 0.7-1.9 1.2 (0.6), 0.6-2.5 

HDL (mmol/L) b 
IER 9 1.3 (0.2), 1.1-1.6 1.1 (0.2), 0.8-1.5 1.1 (0.2), 0.8-1.5 

CER 10 1.3 (0.2), 1.1-1.6 1.1 (0.1), 1.0-1.2 1.1 (0.2), 0.7-1.4 

LDL (mmol/L) b 
IER 9 3.2 (0.9), 2.4-4.6 2.9 (0.7), 2.3-4.3 2.8 (0.6), 2.3-4.1 

CER 10 3.3 (0.7), 2.3-4.4 3.0 (0.8), 1.8-4.2 2.9 (0.6), 2.2-3.7 

TC:HDL ratiob 
IER 9 3.8 (0.6), 3.2-5.1 3.9 (0.5), 3.4-4.8 3.8 (0.4), 3.3-4.6 

CER 10 4.0 (0.5), 3.1-4.9 4.2 (0.9), 2.9-5.6 4.3 (0.8), 2.8-5.1 

Systolic blood 

pressure  

IER 9 127 (17), 114 - 167 n/a  114 (11), 98 - 134 

CER 11 126 (11), 109 - 142 n/a  118 (12), 109 - 142 

Resting 

metabolic rate  

- kJ/ day 

IER 9 
6489 (899)  

5297 - 7958 

6109 (648)  

4853 7255  

5969 (192)  

5832 6104 

CER 11 
6205 (851),  

5339 - 8054 

5972 (108),  

5192 - 8862 

6735 (1166),  

5448 - 8062 

Mean (SD), minimum and maximum. HDL high density lipoprotein, LDL low density lipoprotein, TC total 

cholesterol, OGTT oral glucose tolerance test. a 1 of the IER patients with Charcot–Marie–Tooth disease did not 

have CIFF assessed. b 1 of the IER patients did not have final OGTT or lipid blood tests. 

Table 3. Generalized linear latent and mixed models (GLLAMM) analysis: parameter coefficient (95% CI) for 

changes in adiposity and metabolic markers in the IER and CER groups between baseline and week 7 and 

baseline and week 8 adjusted for day of menstrual cycle. 

Variable 
Week 7 vs. 

baseline 

Week 8 vs. 

baseline  

(95% CI)a 

CER vs IER 

interaction week 7 

to baselinea 

CER vs IER  

interaction 

week 8 to 

baselinea 

Body weight 

(kg)  

Not 

assessed 

-6.6(-7.5 to -5.8) 

P<0.001 
Not assessed 

0.6 (-1.3 to 

2.6) 

P=0.53 

Body fat (kg)  
Not 

assessed 

-4.4 (-5.0 to -

3.7) 
Not assessed 

0.4 (-1.3 to 

2.0) 
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P<0.001 P=0.66 

Hepatic fat (%) 

-2.1(-3.5 to 

–0.6) 

P=0.005 

-2.4 (-3.9 to –

0.8) 

P= 0.003 

-0.3 (-2.2 to 1.6) 

P=0.75 

-0.3 (-2.3 to 

1.7) 

P=0.78 

Pancreatic fat 

(%) 

-1.5 (-2.8 to 

-0.2) 

P=0.020 

-2.1 (-3.7 to -

0.5) 

P = 0.011 

 

0.2 (-1.3 to 1.8) 

P=0.78 

0.5 (-1.4 to 

2.5) 

P=0.58 

 

Calf fat 

fraction %  

-1.1 (-2.2 to 

-0.03 

P= 0.044 

-0.8 (-1.8 to 0.2) 

P=0.11 

 

0.9 (-1.1 to 2.2) 

P = 0.39 

 

0.4 (-1.0 to 

1.8) 

P = 0.57 

 

Oral Glucose Tolerance Test  

Fasting 

HOMA-IR 

-0.5 (-0.7 to 

-0.4) 

P <0.001 

-0.09 (-0.6 to 

0.4) 

P = 0.73 

 

0.02 (-0.3 to 0.4) 

P = 0.90 

 

-0.5 (-1.1 to 

0.1) 

P= 0.14 

Fasting 

HOMA-β 

-20.7 (-29.0 

to 12.4) 

P<0.001 

8.5 (-21.4 to 

38.5) 

P=0.58 

-8.6 (-30.9 to 13.6) 

P= 0.45 

-46.7 (-85.6 to 

-7.8) 

P=0.019 

 

Fasting insulin 

(pmol/l) 

-30.2 (-42.3 

to -18.1) 

P<0.001 

 

 

-5.0 (-32.3 to 

22.3) 

P =0.72 

 

9.3 (-8.6 to 27.2) 

P =0.31 

 

 

-12.0 (-50.5 to 

26.5) 

P =0.54 

 

ariable 
Week 7 vs. 

baseline 

Week 8 vs. 

baselinea 

CER vs IER 

interaction week 

7 to baselinea 

CER vs IER  

interaction 

week 8 to 

baselinea 

Fasting glucose 

(mmol/l) 

-0.2 (-0.4 to 

-0.001) 

P =0.049 

 

-0.2 (-0.4 to -0.1) 

P =0.05 

 

 

0.2 (-0.1 to 0.4) 

P=0.17 

 

 

0.3 (0.01 to 0.5) 

P = 0.041 

Two hour 

glucose 

(mmol/l) 

0.009 (-0.8 

to 0.8) 

P =0.98 

 

 

-0.4 (-1.9 to 1.2) 

P =0.66 

 

 

-0.7 (-1.7 to 0.2) 

P =0.12 

 

 

-0.3 (-2.2 to 

1.6) 

P =0.75 

 

 

Area under the curve for 180 minute OGTT  

Glucose 

0.1 (-0.3 

to 0.5) 

P = 0.50 

-0.2 (-0.9 to 0.5) 

P=0.55 

-0.4 (-0.9 to 0.08) 

P=0.099 

-0.09 (-1.0 to 

0.9) 

P=0.86 

Insulin 

-28.7  

(-79.0 to 

21.5) 

P=0.26 

-31.2(-96.2 to 

33.9) 

P=0.35 

-79.4 (-230.6 to 

71.7) 

P =0.30 

-103.6  

(-289.9 to 82.7) 

P= 0.28 

C-peptide 

0.4 (-0.3 to 

1.2) 

P=0.27 

-0.6 (-2.3 to 1.1) 

P=0.49 

 

-1.0 (-2.4 to 0.4) 

P=0.16 

-0.3 (-2.6 to 

2.0) 

P=0.80 

Total 

cholesterol 

(mmol/L) 

-0.5 (-1.0 to 

-0.03) 

P=0.038 

-0.7 (-1.2 to -0.2) 

P=0.007 

-0.1 (-0.8 to 0.6) 

P=0.73 

0.06 (-0.7 to 

0.6) 

P = 0.85 
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Triglyceride 

(mmol/L) 

-0.2 (-0.3 to 

0.003) 

P=0.046 

-0.2 (-0.3 to -0.2) 

P<0.001 

-0.1 (-0.4 to 0.2) 

P=0.57 

 

0.006 (-0.3 to 

0.3) 

P=0.97 

HDL (mmol/L) 

-0.2 (-0.3 to 

-0.08) 

P=0.001 

-0.2  

(-0.3 to -0.05) 

P=0.008 

-0.05 (-0.2 to 0.09) 

P=0.48 

-0.06 (-0.3 to 

0.1) 

P=0.55 

LDL (mmol/L) 

-0.3 (-0.7 to 

0.1) 

P=0.20 

-0.4  

(-0.8 to -0.001) 

P=0.49 

-0.01 (-0.5 to 0.5) 

P=0.97 

-0.03 (-0.5 to 

0.4) 

P=0.91 

Fat free mass  

-2.3 (-3.0 to 

-1.6) 

P<0.001 

  
0.3 (-0.8 to 1.4) 

P = 0.57 

RMR (kJ/day) No data 

-423  

(-774 to -64) 

P= 0.021 

No data 

-141  

(-748 to 465) 

P = 0.65 

% of predicted 

RMR estimated 

with the 

Mifflin 

equation 

No data 

-2.2 

(-7.3 to 2.9) 

P= 0.39 

No data 

-3.0  

(-11.7 to 5.8) 

P=0.51 

A = Parameter coefficient (95% CI). 

3.3. Waterfall Plots of Changes in HFF and PFF with IER and CER 

Individual participant change in hepatic and pancreatic fat between baseline and week 8 were 

reported in waterfall plots. There was a large interindividual variation in reductions within both the 

IER and CER groups (Figure 2a and Figure 2b) 
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Figure 2. Waterfall plot of percentage change in study participants. 

3.4. Change in Measures of Insulin Resistance with IER and CER 

At week 7 immediately after the two low calorie days of IER, both groups experienced 

reductions in all fasting measures of insulin resistance i.e. HOMA IR, HOMA-β and fasting insulin. 

Glucose tolerance tests at week 7 showed small reductions in area under the curve for glucose and 2 

hour glucose with CER, which both increased slightly with IER (Table 2). However, there was no 

interaction in change in these parameters between the groups with the GLLAMM model (Table 3). 

At week 8 the CER group had a reduction in HOMA IR and HOMA-β which were unchanged 

in the IER group. The IER group had a reduction in fasting glucose which did not change with CER 

(Table 2). These different changes had significant diet group interactions with the GLLAMM model 

(Table 3). There were no changes in 2 hour glucose at week 7 or 8 in either group. 

3.5. Change in Lipid Measurement with IER and CER 

Both groups had reductions in total and HDL cholesterol and triglyceride and maintained LDL 

at week 7 and 8 (Table 2). There were no differences in changes over time between the groups (Table 

3). 

3.6. Changes in Fat Free Mass and Resting Energy Expenditure with IER and CER 

Both groups had reductions in FFM and RMR at week 8 (Table 2). There were no differences 

between change over time in the groups 

3.7. Adherence to the IER and CER Dietary Interventions 

Completers in the IER group received all scheduled dietitian calls and face to face reviews and 

reported undertaking 100% of their allocated low energy days during the trial. Self-reported dietary 

intake at baseline and across the study (average of intakes reported at week 3, 5 and 8) are reported 
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in Table S3. Both groups reported reductions in energy, carbohydrate, total sugar, total, SFA and 

MUFA/ PUFA fat, alcohol and maintained protein, and dietary fibre. There were no differences in 

change in dietary intake between the IER and CER groups (Table S4). Reported leisure physical 

activity is reported in Table S5, which did not change over time in either group. 

3.8. Adverse Events 

There were 2 serious adverse events in the intermittent group. One participant had identified a 

large dermoid ovarian cyst identified at baseline scan which required surgery. Another participant 

had lesions identified in week 7 scan which were confirmed as ovarian cancer. These events were not 

believed to relate to the dietary interventions or participation in the study. 

3.9. Correlations Between Change in Hepatic and Pancreatic Fat and Change in Insulin Resistance Variables 

at 8 Weeks 

Across all participants (n=19) percentage reductions in weight had modest correlations with 

percentage change in hepatic fat; r=0.301, p=0.198 and change in pancreatic fat 0.348, p=0.133. 

Changes in HOMA-IR had better correlations with reductions in hepatic fat fraction (r=0.425, p=0.070) 

than with changes in pancreatic fat (r=0.186, p=0.070). Similarly changes in HOMA-β appeared better 

correlated with change in hepatic fat r=0.369, p=0.12 compared to change in pancreatic fat r=0.184, 

p=0.45. Changes in hepatic and pancreatic stores did not correlate with changes in 2 hour glucose in 

the OGTT with respective correlations of r=0.166, p=0.50 and r=0.238, p=0.33. These correlations were 

comparable within the IER and CER groups (data not shown). 

4. Discussion 

Two months of IER or CER led to comparable reductions in body fat and hepatic and pancreatic 

percentage fat fraction, fasting lipids, FFM, RMR in the IER and CER groups. Both groups had 

favourable changes in fasting insulin resistance measures at week 7 when the IER group were 

assessed immediately after the two low energy days. However, measures at week 8 in the normal 

eating phase of IER found fasting (HOMA IR, HOMA-β) measures of insulin resistance were lowered 

with CER but not IER. Whilst the IER group had a reduction in fasting glucose which did not change 

with CER. Neither group had changes in 2 hour glucose with the OGTT. 

There are few data on changes in HFF and PFF alongside weight loss with energy matched IER 

and CER diets. Our findings align with those of the HELENA trial which reported comparable 

reductions in body weight and these fat stores amongst healthy men and women aged 35–65 years 

with overweight and obesity[17,18]. Reductions in HFF but not PFF in the current study were 

correlated with reductions in insulin resistance. The importance of HFF rather than PFF for impacting 

on insulin resistance has previously been reported [18,19]. 

There were large variations in changes in hepatic and pancreatic fat between individuals in both 

groups. This variation does not appear to be simply associated with magnitude of weight loss which 

is major driver of reductions in HFF in subjects with Metabolic dysfunction-Associated 

Steatohepatitis (MASH) [20]. Changes in hepatic fat are likely to be influenced by many other factors 

including the gut microbiome, muscle mass and genetics factors[21]. 

We observed modest reductions in CIFF at week 7 in both groups but no difference between IER 

and CER. Reductions in skeletal muscle triglyceride content have been reported alongside continuous 

low energy diets and 15% weight loss in subjects with obesity[22]. However a previous MRS imaging 

study failed to observe changes in CIFF with 10% weight loss with CER amongst subjects with 

overweight BMI 25–30 kg/m2 [23]. The effects of IER and CER on changes in CIFF may depend on the 

nature of the IER. Some previous studies have shown acute increases in CIFF with longer spells of 

total fasting which promote lipolysis, circulating FFA and lipid disposition in skeletal muscle [24]. 

However, a previous intermittent fasting study involving 26 hour periods of total fasting reported 

increased mRNA of PLIN5 a marker of lipid droplet formation which is thought to protect myocytes 
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against lipotoxicity, which was not seen with an isoenergetic CER [25].The effects of IER and CER on 

CIFF are likely to require more detailed biopsy and histochemical analysis rather than MRS imaging 

studies. 

In contrast to previous studies, we did not report improvements in fasting insulin resistance 

during normal eating days of IER. Previous reports have concluded equivalent effects of IER and 

CER or modest beneficial effects of IER vs CER on insulin resistance [7]. Many of the previous studies 

used a simplistic HOMA equation based on fasting insulin and glucose which models hepatic insulin 

resistance. The current study used the HOMA2 calculator which provides an estimate of overall 

insulin resistance based on hepatic and peripheral effects. Thus, discrepant findings may reflect 

potential differential effects of IER on hepatic and peripheral insulin resistance. Some beneficial 

effects on normal eating days in previous studies could have been erroneous due to unintentional 

sampling around low energy days of the IER diets. The current study was a tightly controlled 

metabolic study where we were confident that samples were collected when planned thus ensuring 

normal eating days samples were not collected when participants had just completed a low energy 

day. However, the current study had small numbers and our findings may be driven by several 

outliers who had large rebounds in insulin resistance around the normal eating days of the diet and 

may not reflect changes in a broader population. 

Failure to improve post prandial glycaemic control measures after the fasting days with IER 

align to previous reports of IER especially in women [26]. This is unlikely to be evidence of harm, but 

most likely reflects a physiological glucose sparing response during times of energy restriction which 

increases lipolysis and circulating free fatty acids which is higher in women compared to men. 

Sexually dimorphic rates of fat mobilisation with energy restriction and subsequent re disposition 

location in the post restricted state have been reported with men experiencing more hepatic lipid re-

accumulation and women more muscle lipid re-accumulation [27]. Neither the IER nor CER group 

had improvements in post prandial glycaemia despite weight loss. The failure to improve post-

prandial glycaemia alongside a 5% weight loss with IER and CER was previously reported by Antoni 

[28]. This may reflect that our population and that in the previous Antoni study were mainly 

normoglycaemic ; only 4 of our cohort had baseline 2 hour OGTT vales in the prediabetic range (>7.9 

and <11.00 mmol/L). 

We reported reductions in HOMA-β cell function with CER but not IER. Changes in HOMA-β 

cell function alongside weight loss varies according to the levels of pancreatic function and the degree 

of insulin resistance of the individuals. Some studies have reported weight loss to be associated with 

improved β cell function in patients with severe obesity and impaired glucose tolerance [29]. 

However the reductions in β cell function reported herein are consistent with the observed reciprocal 

and proportionate decrease of HOMA–IR [30]. 

We reported decreased fasting glucose with IER not CER. This preferential reduction in fasting 

glucose compared to CER has previously been reported in a number of comparison trials[28,31,32], 

but by no means consistently [33,34]. This finding may be a type 1 error due to the small numbers in 

the study. 

IER and CER had comparable reductions in resting metabolic rate which is consistent with a 

number of previous reports in subjects undertaking alternate day fasting and 5:2 diets [35]. This and 

previous studies have assessed RMR during the normal eating phase of the IER. Future studies 

should assess RMR during the fasting phase aswell as the normal eating phase. Fasting and calorie 

restriction may lead to acute increases in resting energy expenditure due to the increased metabolic 

cost of glucogenesis and ketogenesis[36]. However, any such effects are likely to be counteracted by 

reductions in diet induced thermogenesis and physical activity observed during spells of energy 

restriction or fasting[37]. 

The study has several limitations. The small, short term study was powered to show a relatively 

large difference in change in HFF% of 15% but was not powered to show smaller potentially 

important clinically significant differences between the groups. Furthermore, the drop out from the 

study meant we did not achieve the sample size of 9 per group required. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 February 2025 doi:10.20944/preprints202502.0811.v1

https://doi.org/10.20944/preprints202502.0811.v1


 14 of 18 

 

We studied changes in HFF, PFF and associated metabolism in premenopausal women with 

overweight or obesity who are a target group for weight control for the prevention of weight related 

cancers including breast cancer [38,39,40]. Previous human studies suggest discrepant effects in men 

and women whereby women have greater reductions in steatosis alongside weight loss [41] and 

greater sensitivity to energy restriction [42]. At baseline only 21% of the cohort had hepatic steatosis 

(defined as HFF >5%)[43] and 21% had pancreatic steatosis (defined as PFF >6.2% ) [44], 7% had both 

and 64% had neither. Different effects may be seen in a population with hepatic steatosis and insulin 

resistance. Most of the cohort were Caucasian hence findings herein do not inform changes which 

could be seen in other ethnic groups or in groups of older women or men. 

Strengths include both diets having been designed to optimise reductions in HFF and were 

matched for energy and macronutrient content to allow the nutrient independent effects of IER or 

CER patterns of eating to be assessed. The study included sedentary non-smokers to remove any 

other confounding lifestyle related effects. 

This study adds to the body of literature suggesting broadly comparable reductions in weight 

and key adipose stores and metabolic effects between IER and CER. It also adds to the literature on 

the differential effects of an IER diet during both the fasting and normal eating phases of the week. 

The clinical significance of the failure to maintain beneficial insulin sensitivity effects across the week 

on normal eating days is not known and requires further study. The findings in this study relate to a 

5:2 diet and do not necessarily reflect other patterns of intermittent fasting such as alternate day 

fasting or time restricted eating. 

The equivalent reductions hepatic fat with IER vs CER in the current study amongst our 

population of healthy premenopausal women may not be applicable to other populations. A recent 

study amongst 60 patients with Metabolic-Associated Fatty Liver Disease in China reported 

equivalent weight loss with IER compared to CER. However IER was associated with greater 

reduction in hepatic steatosis, hepatic fibrosis and liver stiffness [45]. Future larger scale randomised 

trials of IER vs CER amongst participants with increased ectopic fat stores and impaired insulin 

resistance will inform the relative ability of IER and CER to normalise these parameters and 

potentially reduce risk of obesity associated cancers and other obesity related conditions. 

5. Conclusions 

The findings after 8 weeks of IER and CER indicate significant and similar reductions in weight, 

(MRS-determined) ectopic-fat and insulin resistance. This profile supports further evaluation of these 

energy restricted dietary approaches for cancer prevention. 
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