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Abstract 

Background  Research on intermittent fasting has shown that it can improve a variety of health outcomes, includ‑
ing blood sugar control, blood lipid levels and blood pressure. Only few studies document longer periods of fast‑
ing, especially in rehabilitation participants. Cardiac inpatient rehabilitation follows a multidisciplinary approach 
including change of health behaviour to reduce patients’ risk of future cardiovascular events. To date, evidence 
suggests that intermittent fasting can be an effective way to improve health and well-being, but more research 
is needed to fully understand its long-term effects and factors that promote the implementation. Therefore, the aim 
of the ongoing InterVFast trial is to investigate the effectiveness of intermittent fasting amongst cardiac rehabilitation 
patients after 4-week inpatient rehabilitation as well as 3 and 12 months subsequently including patients’ perspective.

Methods  This single-centre randomized controlled trial evaluates the effectiveness of the InterVFast interven‑
tion in weight loss (primary outcome). We also examine patients’ acceptance and the effect on relevant outcomes 
as blood glucose and triglyceride levels, cholesterol and high-sensitivity C-reactive protein. Weight, blood samples 
and clinical data are collected as part of the initial and final examination during inpatient rehabilitation. During 
inpatient rehabilitation, participants daily note fasting intervals and meals eaten as well as practicability in a fasting 
diary. In addition, interviews about perceived advantages and disadvantages and acceptance are carried out with the 
participants in the IG. A standardized follow-up examination (weight, blood samples) will be carried out by the family 
doctor after 3 and 12 months (t2 and t3).

Discussion  Compared to other weight-loss intervention studies, our study addresses patients with coronary heart 
disease and includes patients’ acceptance as well as long-term maintenance. It is hypothesized that participation 
in the InterVfast intervention will improve relevant health outcomes in a sample of cardiac rehabilitation patients 
and thus constitute a behavioural prevention strategy to reduce the risk of future cardiac events and improve overall 
health and quality of life.

Trial registration  ClinicalTrials.gov DRKS00023983. Registered on February 17, 2022.
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Introduction
Background and rationale
Cardiac rehabilitation
Cardiac rehabilitation is a programme for patients who 
experienced heart attack, heart surgery or other car-
diovascular events [1, 18, 20]. Cardiac inpatient reha-
bilitation typically combines exercise, education and 
counselling in a multidisciplinary approach to reduce 
patients’ risk of future cardiovascular events [12, 18]. 
The goals of cardiac rehabilitation include improving 
cardiovascular health, reducing symptoms and help-
ing patients make lifestyle changes that promote par-
ticipation in working life [6, 18]. Although adherence 
to lifestyle interventions is challenging in patients with 
cardiovascular disease, we previously showed that a 

low-threshold intervention can improve patients’ moti-
vation to continue to practise home based [20].

Intermittent fasting
Intermittent fasting (IF) is an eating pattern that 
involves alternating periods of fasting and eating [2, 
5, 15]. For instance, 16:8-intermittent fasting involves 
fasting for 16  h a day and eating during the remain-
ing 8 h. While a 16:8 intermittent fasting plan does not 
specify which foods to eat and avoid, it is beneficial to 
focus on healthful eating and to limit or avoid highly 
processed foods [21].

The scientific background of intermittent fasting is 
based on the understanding of how the body processes 
food and the effects of caloric restriction on health and 
longevity.

When we eat, the body breaks down the food into 
glucose, which is used for energy, and insulin, which 
helps regulate blood sugar levels. During periods of 
fasting, the body switches from using glucose as its 
primary source of energy to using stored fat [4, 11]. 
This metabolic shift has been linked to a range of 
health benefits, including improved insulin sensitivity, 
reduced inflammation and increased autophagy, the 
process by which the body breaks down and recycles 
damaged cells [4, 7, 11].

Research on intermittent fasting has shown that it 
can improve a variety of health outcomes in animal-
studies. Wan et  al. found that intermittent fasting 
increases lifespan and improves overall health. Mice 
that fasted every other day had a longer lifespan and 
were less likely to develop age-related diseases [26].

Human studies indicate that intermittent fasting 
improves blood sugar control and blood lipid levels and 
reduces the risk of type 2 diabetes [22, 25]. Some studies 
also suggest that intermittent fasting helps to promote 
weight loss and improve cognitive function [22, 24, 25].

Additionally, intermittent fasting has a range of 
potential health benefits, including reduced inflam-
mation. Participants who follow an intermittent fast-
ing diet are more likely to lose weight and have greater 
improvements in insulin sensitivity than those who fol-
low a traditional calorie-restricted diet [13, 16]. Never-
theless, Ostendorf et al. emphasize that more research 
is needed to fully understand the long-term effects of 
intermittent fasting [16].

https://www.drks.de
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Objectives
To date, evidence suggests that intermittent fasting can 
be an effective way to improve health and well-being, 
but more research is needed to fully understand its 
long-term effects [16, 22]. Only few studies document 
longer periods of fasting in high-risk person such as 
rehabilitation patients. Therefore, the aim of the ongo-
ing InterVFast trial is to investigate the effectiveness 
of intermittent fasting amongst cardiac rehabilitation 
patients after 4-week inpatient rehabilitation as well 
as 3 and 12  months subsequently including patients’ 
perspective.

Trial design
Our single-centre randomized controlled trial (RCT) 
evaluates the effectiveness of the InterVFast interven-
tion regarding short-term as well as long-term weight 
loss (primary outcome). We also examine patients’ 
acceptance and the effect on relevant outcomes as blood 
glucose and triglyceride levels, cholesterol and high-sen-
sitivity C-reactive protein.

Methods: participants, interventions and outcomes
Study setting
The study is conducted in the centre for cardiovascular 
rehabilitation in the city of Leichlingen, North Rhine-
Westphalia, Germany. While Leichlingen is a more rural 
town, the catchment area of the centre is the largest met-
ropolitan area of Germany, a population of over 8 million 
people within a 50-km radius, including big cities like 
Cologne (population: 1 million) and Duesseldorf (popu-
lation: 600.000), but also very rural areas.

Eligibility criteria
The inclusion criteria for this study are the following: 
male sex and age between 18 and 60  years, a diagnosis 
of coronary heart disease (CHD) and a body mass index 
(BMI) between at least 27 kg/m2 and 38.9 kg/m2.

The study exclusion criteria are as follows: a NYHA 
(New York Heart Association Classification) Functional 
Class IV, severe obesity (BMI > 39  kg/m2), oncological 
diseases, gastric or duodenal ulcers and insulin depend-
ent diabetes. Patients with an intellectual disability, a 
current eating disorder or other psychiatric disorders 
(psychotic disorders, bipolar disorder, substance depend-
ence, or anxiety and depressive disorders) are excluded.

However, we decided to exclude women because of 
the following reasons: first, some evidence indicates that 
intermittent fasting may have negative effects on repro-
duction and blood sugar levels in some women [3, 8, 17]. 
In all likelihood, such an intervention would produce dif-
ferent results not only in men and women but also in pre- 
and postmenopausal women [19, 23].

Secondly, female patients are generally underrepre-
sented in cardiac rehabilitation (female-to-male ratio 
1:4)1 as well as in our study centre. In 2022, only 15% of 
all patients with CD were female. Therefore, to enroll 
an adequate number of patients in reasonable time, we 
solely recruited male patients. Over and beyond, only few 
studies on lifestyle changing interventions such as inter-
mittent fasting address men. Since men are underrepre-
sented relative to women in current research concerning 
intermittent fasting, this trial still enriches the existing 
state of research [9, 10].

Who will take informed consent?
Two qualified and appropriately trained members of 
the research team are responsible for obtaining con-
sent. Informed consent involves giving information to 
the potential participant and clarifying the information. 
In obtaining and documenting informed consent, the 
research team complies with good clinical practice (GCP) 
and with the ethical principles of the Declaration of 
Helsinki [27].

Additional consent provisions for collection and use 
of participant data and biological specimens
No additional consent is provided for collection and use 
of participant data who withdraw; this study does not 
involve collecting biological specimens for storage.

Interventions
Explanation for the choice of comparators
The primary outcome of this study is difference in mean 
weight loss between baseline and end of inpatient reha-
bilitation after 4  weeks (short-term effectiveness). This 
outcome has been selected as the primary outcome, 
because intermittent fasting addresses weight as a main 
risk factor for cardiovascular disease.

Intervention description
The InterVFast intervention was designed by a coopera-
tion of researchers and clinicians from the fields of epi-
demiology, cardiology and rehabilitation medicine and 
nutritional advice. The specific contents of the interven-
tion are as follows:

16:8‑intermittent fasting  The intervention consists of a 
16:8-intermittent fasting programme during the 4-week 
inpatient rehabilitation. 16:8-intermittent fasting involves 
fasting for 16  h a day and consuming all calories dur-
ing the remaining 8  h. For example, a participant starts 

1  www.​deuts​che-​rente​nvers​icher​ung.​de/​DRV/​DE/​Exper​ten/​Zahlen-​und-​
Fakten/​Stati​stiken-​und-​Beric​hte/​stati​stiken-​und-​beric​hte_​node.​html

http://www.deutsche-rentenversicherung.de/DRV/DE/Experten/Zahlen-und-Fakten/Statistiken-und-Berichte/statistiken-und-berichte_node.html
http://www.deutsche-rentenversicherung.de/DRV/DE/Experten/Zahlen-und-Fakten/Statistiken-und-Berichte/statistiken-und-berichte_node.html
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eating at 11:00 am and stops eating at 7:00 pm. The fast-
ing window is individually adapted to the wishes and 
needs of the participants.

The fasting programme includes an introduction to the 
concept of fasting by a nutritionist providing information 
on the health benefits, practical implementation and fast-
ing tips. Participants in the IG document periods of fast-
ing and meals eaten in a paper-based fasting diary.

A fasting consultation is provided by a trained nutrition-
ist twice a week to answer questions and to track individ-
ual progress. Purpose of the consultation can be wants, 
requests, intentions, preferences or expectations. Besides 
that, the inpatient rehabilitation programme is carried 
out as usual.

Standard treatment  During 4-week rehabilitation 
period, the CG receives standard treatment. Regard-
ing eating behaviour, the standard programme includes 
“healthy-eating” training (2 h), shopping tips for healthy 
eating (1 h), a teaching kitchen of 3 h, and daily food and 
beverage buffet training (30 min).

Criteria for discontinuing or modifying allocated 
interventions
Criteria for discontinuing or modifying allocated inter-
ventions are any changes in the patient’s condition that 
justify the discontinuation of treatment in the clinician’s 
opinion, and participant withdraws consent and confir-
mation of non-eligibility after registration.

Strategies to improve adherence to interventions
During inpatient rehabilitation, a trained nutritionist 
held regular fasting visits to improve adherence to the 
fasting programme.

Relevant concomitant care permitted or prohibited 
during the trial
There are no restrictions regarding concomitant care 
during the trial.

Provisions for posttrial care
Participants are able to contact the research team during 
the study period as well as after the end of participation.

Outcomes
The primary outcome of this study is difference in weight 
loss between baseline and end of inpatient rehabilitation 
after 4 weeks (short-term effectiveness). Secondary out-
comes are difference in weight loss between baseline and 
3 and 12 months after inpatient rehabilitation (long-term 

effectiveness), changes in blood pressure, fasting blood 
glucose and lipids and changes in diet as well as patients’ 
acceptance.

Weight, blood samples and clinical data are routinely 
collected as part of the initial and final examination. Dur-
ing inpatient rehabilitation, participants note daily peri-
ods of fasting as well as practicability (rating scale from 
0 — very bad to 5 — very easy) in a fasting diary. They 
record all food and drinks, type of meal (breakfast, lunch, 
dinner, or snack), type of food and portion size. In addi-
tion, we carry out interviews about perceived advantages 
and disadvantages and acceptance with all participants in 
the IG.

After initial examination at admission (baseline, t0), 
three follow-up times are provided: final examination at 
the end of inpatient rehabilitation after 4  weeks (t1), as 
well as two follow-up times after inpatient rehabilitation 
after 3 and 12 months. The World Health Organization-
Five Well-Being Index (WHO-5) is used for self-reported 
measure of current mental wellbeing at t0 and t1. A 
standardized follow-up examination (weight, blood sam-
ples) will be carried out by the family doctor at t2 and t3 
for valid information. A financial incentive will be paid to 
family doctors for examination and data transfer.

Sociodemographic characteristics and comorbidities at 
baseline will be collected as moderating variables. Stable 
covariables (e.g. sociodemographic characteristics) will 
be collected only at baseline, while changeable variables 
will be measured at baseline and follow-up.

Participant timeline
Eligibility screening took place at initial admission exam-
ination (t0) involving medical history review, physical 
exams and laboratory tests. Figure 1 shows the schedule 
of enrolment, intervention and assessments.

Patients who met the inclusion criteria were invited 
to provide study information at the beginning of the 
inpatient rehabilitation in a personal conversation. We 
explained the study’s purpose, procedures and potential 
risks and benefits to the patient. Each patient received 
appropriate written participant information and an 
informed consent form.

Sample size
A before-and-after comparison between the intervention 
group (IG) and the control group (CG) will be used for 
the evaluation. Follow-up values were assessed at t1, t2 
and t3. Regarding the primary outcome, the intervention 
is considered effective if mean difference in weight loss 
after 4 weeks (t1) in the IG is at least 2% higher than in 
the CG compared to baseline (t0). The standard deviation 
of mean difference is estimated at 3.5 kg. The significance 
level should be 5%. In order to demonstrate difference in 
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Fig. 1  Schedule of enrolment, intervention and assessments
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weight with a power of 80%, a two-tailed t-test requires a 
total of 100 patients (50 per group).

Recruitment
Based on an estimated participation rate of 20%, a period 
of 6 months was planned for the implementation of the 
intervention and patient enrollment.

Assignment of interventions: allocation
Sequence generation
As soon as the patient gave written consent, randomiza-
tion was performed. Randomization took place at indi-
vidual level, i.e. every single patient was assigned either 
to the IG or to the CG. A statistician who is not involved 
in the study generated the randomization list using com-
puter-generated random numbers.

Concealment mechanism
The research team member recruiting the patients con-
tacted the randomization office by phone or secure com-
puter after the patient was enrolled in the study (central 
randomization).

Implementation
After eligibility screening took place at initial admission 
examination (t0) involving medical history review, physi-
cal exams and laboratory tests, two trained members of 
the research team enrolled patients. To minimize the 
effect of bias, the random allocation sequence remained 
concealed from those enrolling patients into the study.

Assignment of interventions: blinding
Considering the nature of the intervention, participants 
and therapists cannot be blinded. So, the design of the 
study is open label; therefore, unblinding will not occur.

The statistician was not blinded, because, to our mind, 
the statistician should have a good knowledge of the topic 
of cardiovascular rehabilitation and the intervention. The 
statistician was not involved in the intervention and data 
collection.

Data collection and management
Plans for assessment and collection of outcomes
The primary outcome of this study is difference in weight 
loss between baseline and end of inpatient rehabilitation 
after 4 weeks.

Secondary outcomes are difference in weight loss 
between baseline and 3 and 12  months after inpatient 
rehabilitation, changes in blood pressure, fasting blood 
glucose and lipids and changes in diet as well as patients’ 
acceptance.

Weight, blood samples and clinical data are routinely 
collected as part of the initial and final examination. 

During inpatient rehabilitation, participants note daily 
periods of fasting as well as practicability (rating scale 
from 0 — very bad to 5 — very easy) in a fasting diary. 
They record all food and drinks, type of meal (breakfast, 
lunch, dinner, or snack), type of food and portion size.

After initial examination at admission (baseline, t0), 
three follow-up times are provided: final examination at 
the end of inpatient rehabilitation after 4  weeks (t1), as 
well as two follow-up times after inpatient rehabilitation 
after 3 and 12 months. The World Health Organization-
Five Well-Being Index (WHO-5) is used for self-reported 
measure of current mental wellbeing at t0 and t1. A 
standardized follow-up examination (weight, blood sam-
ples) will be carried out by the family doctor at t2 and t3 
for valid information.

Plans to promote participant retention and complete 
follow‑up
To assure participant retention and completion of follow-
up for t2 und t3, we send a reminder about completing 
the survey to participants who have not yet participated 
in the follow-up evaluation. A financial incentive will be 
paid to family doctors for follow-up examination and 
data transfer.

All baseline data is collected also for participants who 
discontinue or deviate from intervention protocols.

Data management
We perform double data entry and range checks for 
data values. Data quality management also includes data 
cleansing (completeness, consistency, duplicates) and 
validation of data against standard statistical measures. 
Co-investigator meetings were held monthly during the 
recruitment phase and then quarterly.

Onsite‑research team
The members of the onsite-research team facilitate and 
coordinate the study activities in the rehabilitation cen-
tre. They provide intervention measures and collect data 
as required by the protocol. They provide information 
for the PI and the team members who are responsible for 
administration, randomization and analysis.

Confidentiality
For the statistical analysis, personalized data is docu-
mented only in the rehabilitation centre. Solely, pseu-
donymized data is sent to the Institute for Medical 
Informatics, Biometry and Epidemiology (IMIBE) for 
analysis. All employees are familiar with quality-assured 
data collection, data monitoring and documentation.
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Plans for collection, laboratory evaluation and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use
This study does not involve collecting and storing bio-
logical specimens for storage in the current trials and for 
future use in ancillary studies.

Patient/public involvement
We conduct structured patient interviews to evaluate the 
patient’s experience with the intervention. Public involve-
ment takes place in the course of dissemination of gener-
ally understandable study results.

Statistical methods
Statistical methods for primary and secondary outcomes
The statistical evaluation is carried out using the statisti-
cal software SPSS (IBM SPSS Statistics, version 29). The 
confirmatory analysis to measure the effect of the inter-
vention will be carried out as an intention-to-treat analy-
sis, i.e. all participants who are randomized are included 
in the statistical analysis and analysed according to the 
group they were originally assigned. Additional analyses 
will focus on secondary outcomes as well as associations 
between independent and dependent variables.

Fasting diaries will be analysed using in-house nutri-
tion information. The mean daily caloric intakes will be 
computed.

The WHO-5 uses a 6-point Likert scale ranging from 
0 = “at no time” to 5 = “all of the time”. The sum of these 
answers is multiplied by 4; scores of 50 or lower suggest 
that participants might suffer from depression.

Between-group differences at baseline will be tested 
using analysis of variance (ANOVA). To answer the pri-
mary research question, the mean difference in weight 
loss between the two groups is compared using analysis 
of variance (ANOVA), a two-tailed t-test, or Spearman’s 
correlation coefficient, respectively. Chi-square tests are 
used to compare proportions. All continuous outcomes 
will be modelled using linear regression. We will analyse 
the effect of fasting while taking into account periods of 
fasting and calorie intake from the fasting diaries. All sta-
tistical tests assume a two-sided significance level of 0.05.

Guided interviews are transcribed and coded by two 
independent researchers along an open coding scheme 
using qualitative content analysis by Mayring [14] via the 
software MAXQDA (VERBI GmbH, Berlin, Germany). 
Qualitative content analysis aims at classifying qualitative 
data into categories of similar connotation.

Interim analyses
This randomized trial does not incorporate interim anal-
yses to stop the study for futility. Coming from experi-
ence, we neither assume not to reach the full planned 

sample size nor that early data would suggest that an 
important treatment effect is unlikely to be found, even if 
the study continues to its full planned sample size.

Methods for additional analyses
We will analyse the effect of sociodemographic and clini-
cal variables on the primary outcome as well as the effect 
of periods of fasting and calorie intake. Additionally, 
stratified analysis will be performed for those who com-
pleted t2 and t3 follow-up. All statistical tests assume a 
two-sided significance level of 0.05.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data
We use the ITT approach; all randomized patients are 
included in the analysis, based on the groups to which 
they were initially randomly assigned. To assess the bias 
of your data due to non-response, we will perform a non-
response bias analysis.

Plans to give access to the full protocol, participant level‑data 
and statistical code
There are no plans to grant access to full protocol, partic-
ipant-level dataset or statistical code.

Oversight and monitoring
Composition of the coordinating centre and trial steering 
committee
All investigators are steering committee members, 
including an external independent expert member. Inves-
tigator meetings are held regularly to monitor and super-
vise the progress of the study towards its short-term and 
overall objectives and adherence to the protocol.

Composition of the data monitoring committee, its role 
and reporting structure
We did not implement a special data monitoring com-
mittee, because the members of the data research team 
working on data management are well versed. We per-
formed internal monitoring to verify data within the con-
straints of the regulatory requirements two times during 
the data collection phase. A data monitoring committee 
was not considered as this was a low-risk intervention 
co-investigator meetings including auditing trial conduct 
which was held monthly during the recruitment phase 
and then quarterly.

Adverse event reporting and harms
It is the responsibility of the investigators to report seri-
ous adverse events. An adverse event is defined as any 
untoward medical occurrence in a subject without regard 
to the possibility of a causal relationship. Adverse events 
will be collected after the subject has provided consent 
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and enrolled in the study. All adverse events occurring 
after entry into the study and until rehabilitation dis-
charge will be recorded.

Based on our experience with comparable trials, no 
adverse events related to the intervention are expected.

Frequency and plans for auditing trial conduct
To assess and assure the reliability and integrity against 
all relevant written standards, a systematic internal exam-
ination is conducted twice a year (three times in total). 
We will verify the following variables for all patients: ini-
tials, date of birth, sex, signed informed consent, eligibil-
ity criteria, date of randomization, treatment assignment, 
adverse events and endpoints. The process is independ-
ent from the funder.

Plans for communicating important protocol amendments 
to relevant parties
Important protocol modification changes will be 
reported to the ethical committee and other relevant 
parties.

Dissemination plans
We developed a publication strategy to select appro-
priate content, formats and audiences. The trial results 
will be reported to participants and the public in a 
public-centred research report. Healthcare profession-
als and the scientific community will be informed via 
peer-reviewed journal publications and conference 
proceedings.

According to the guiding principle of the PI’s affiliation, 
research publications are not influenced or controlled by 
funders or investigators. We will publish both positive 
and negative outcomes in an equitable manner.

Discussion
For the first time, the InterVFast intervention systemati-
cally investigates shot term as well as long-term effects 
of intermittent fasting on weight loss and cardiovascular 
health outcomes within a cardiac inpatient rehabilita-
tion sample. Compared to other weight-loss intervention 
studies, our approach addresses patients with CHD and 
focuses on patients’ acceptance and long-term mainte-
nance. However, since men are underrepresented relative 
to women in current research concerning lifestyle chang-
ing interventions, this trial enriches the existing state of 
research.

Yet — if proven effective — the findings of this study 
could strengthen the idea that intermittent fasting may 
be a practicable intervention. Beyond the cardiac reha-
bilitation context, the InterVFast intervention could be 
model for other chronic conditions and medical set-
tings. Future research should explore the effectiveness 

of intermittent fasting in both premenopausal and 
postmenopausal women with CHD and provide evi-
dence of the effectiveness of maintenance strategies 
considering factors that help to promote patients’ 
motivation.

Trial status
The trial is ongoing. The recruitment of participants 
started on 23 March 2022 and was completed on 14 
September 2022. A total of 278 of 352 patients screened 
met inclusion criteria, and 120 were willing to partici-
pate and gave informed consent.

•	 Recruitment status and baseline evaluation: Com-
pleted

•	 Follow-up status t1: Completed
•	 Follow-up status t2 and t3: Ongoing
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