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Abstract

Background: Caloric restriction is an effective way to treat Type 2 diabetes (T2D). However, chronic and severe
restriction of food intake is difficult to sustain and is known to promote slower metabolism. Intermittent and frequent
fasting can exert similar metabolic effects, but may be even more challenging for most patients. A fasting-mimicking diet
(FMD) is low in calories, sugars and proteins, but includes relatively high levels of plant based complex carbohydrates and
healthy fats. The metabolic effects of such a diet mimic the benefits of water-only fasting. The effects of a FMD applied
periodically in T2D patients are still unknown. The Fasting In diabetes Treatment (FIT) trial was designed to determine the
effect of intermittent use (5 consecutive days a month during a year) of a FMD in T2D patients on metabolic parameters
and T2D medication use compared to usual care.

Methods: One hundred T2D patients from general practices in the Netherlands with a BMI = 27 kg/m?, treated with
lifestyle advice only or lifestyle advice plus metformin, will be randomised to receive the FMD plus usual care or usual
care only. Primary outcomes are HbA1c and T2D medication dosage. Secondary outcomes are anthropometrics, blood
pressure, plasma lipid profiles, quality of life, treatment satisfaction, metabolomics, microbiome composition, MRI data
including cardiac function, fat distribution and ectopic fat storage, cost-effectiveness, and feasibility in clinical practice.

Discussion: This study will establish whether monthly 5-day cycles of a FMD during a year improve metabolic parameters
and/or reduce the need for medication in T2D. Furthermore, additional health benefits and the feasibility in clinical
practice will be measured and a cost-effectiveness evaluation will be performed.
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Background

Type 2 diabetes (T2D) is a multifactorial disease, eman-
ating from gene-environment interactions [1]. Diet qual-
ity and quantity are at the heart of its pathogenesis [2].
A positive energy balance, often caused by an excess of
carbohydrates, leads to insulin resistance, impaired insu-
lin secretion and hyperglycaemia [3—5]. Currently avail-
able medication for T2D influences glucose metabolism,
but does not address the cause of T2D. In contrast, life-
style interventions including dietary strategies can re-
dress the underlying pathogenic mechanisms.

Caloric restriction and weight loss influence the course
of T2D in a positive way. A loss of 5% of bodyweight or
more reduces glycated haemoglobin (HbAlc), lipopro-
tein levels, and blood pressure [6]. Moreover, several
studies have shown that T2D is not necessarily a chronic
progressive disease and that remission can be achieved
by continuous caloric restriction [7-9]. However, restric-
tion of calories for a longer period of time can be diffi-
cult to sustain [10]. Prolonged caloric restriction has
also been shown to reduce basal metabolic rate, even
when adjusted for body weight reduction, indicating that
continuous caloric restriction not only causes weight
and lean body mass loss, but can also cause metabolic
changes that may make it very difficult to reach and
maintain a healthy weight and fat mass [11].

Preclinical experiments have shown various health bene-
fits of intermittent and periodic fasting. For example, al-
ternate day fasting (ADF) in mice reduces serum glucose
and insulin levels and improves glucose tolerance [12, 13].
Human studies reveal similar effects, indicating that inter-
mittent and frequent fasting can reduce calorie intake and
fat mass [14], and decrease fasting glucose in patients with
T2D [15, 16]. The health benefits of fasting are caused by
several molecular mechanisms, including the reduction of
ectopic fat storage, insulin levels, endogenous glucose pro-
duction and IGF-1 [17]. Furthermore, it increases adipose
lipolysis and fat oxidation, and glycerol and ketone bodies
instead of glucose are used as preferred carbon sources.
However, intermittent water-only fasting may be very dif-
ficult for patients to adhere to for long periods of time.
Moreover, prolonged and frequent fasting may exacerbate
pre-existing nutritional deficiencies, which may be unsafe
for frail individuals [17], in addition to being associated

with other potential risks in those extending the fasting
period by skipping breakfast daily [18, 19].
Fasting-mimicking diets (FMDs) have been developed to
mimic the endocrine and metabolic effects of complete fast-
ing, while providing a modest number of calories [17]. To
this end, FMDs comprise virtually no refined sugar or starch,
low protein levels, complex carbohydrates and healthy fats,
all from plant based sources [20-22]. In a pilot study, 38
healthy adults were randomised between three monthly,
five-day cycles of FMD, or continuation of their normal diet;
the FMD caused weight loss and reduced visceral fat [20]. In
a larger study of 1 hundred healthy participants, three
monthly, five-day FMD cycles reduced body weight, trunk
and total body fat, lowered blood pressure and decreased
IGF-1 [21]. A post hoc analysis showed a significant reduc-
tion in body mass index (BMI), blood pressure, triglycerides,
and total and low-density lipoprotein cholesterol. In
addition, in participants with an increased fasting glucose
level (defined as 5.5 mmol/L or higher), the three FMD cy-
cles brought glucose within the healthy range. The FMD
was well tolerated without significant side effects [20, 21].
The above mentioned results suggest that a FMD
could potentially be beneficial for patients with T2D,
while minimizing the burden of frequent water-only fast-
ing as well as side effects, such as slowing metabolism
and loss of lean body mass. The FMD used in the Fast-
ing In diabetes Treatment (FIT) trial is a five-day pro-
gram providing patients with all the meals and
containing ~ 1100 kcal on the first day and ~ 750 kcal on
the following days [20, 21]. We will examine whether
monthly five-day cycles of a FMD during a year improve
metabolic parameters and/or reduce the need for medi-
cation in people with T2D treated by their General Prac-
titioner (GP). We will also evaluate anthropometrics,
blood pressure, plasma lipid profiles, quality of life, treat-
ment satisfaction, metabolomics, microbiome compos-
ition and MRI data including cardiac function, fat
distribution and ectopic fat storage. Furthermore, a cost-
effectiveness evaluation will be performed and the feasi-
bility in clinical practice will be measured. In the FIT
trial, 1 hundred T2D patients from general practices in
the Netherlands with a BMI > 27 kg/m?, treated with life-
style advice only or lifestyle advice plus metformin, will
be randomised to receive the FMD plus usual care or
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usual care only. To our knowledge, we are the first to
examine the impact of a FMD on a variety of health pa-
rameters in people with type 2 diabetes mellitus, who
are treated by their GP.

Primary study objective

e To evaluate the effect of the intermittent use (5
consecutive days a month during a year) of a FMD
on the combined primary outcomes HbAlc and
antidiabetic medication dosage in T2D patients
compared to usual care.

Secondary study objectives

e To evaluate the effect of the intermittent use (5
consecutive days a month during a year) of a FMD
on anthropometrics, blood pressure, plasma lipid
profiles, metabolomics, microbiome, MRI data (e.g.
cardiac function and fat distribution), change in
dietary pattern and physical activity in T2D patients
compared to usual care.

e To perform a cost-effectiveness evaluation
comparing the FMD with usual care.

e To evaluate the effects on quality of life and
treatment satisfaction between the FMD group and
the usual care group.

e To evaluate the feasibility in practice, measured as
the percentage of compliant patients in the FMD

group.

Methods and design

Study design

The study is designed as a randomised, controlled,
assessor-blinded intervention trial on the effects of the
intermittent use of a fasting-mimicking diet in T2D pa-
tients regularly treated in primary care. The trial is con-
ducted in the Leiden University Medical Center (LUMC)
in the Netherlands, according to the principles of the
Declaration of Helsinki in accordance with the Medical
Research Involving Human Subjects Act (WMO) and to
the standards of Good Clinical Practice (GCP). The
study was approved by the Medical Research Ethics
Committee of the LUMC.

Recruitment

Participants will be recruited from general practices in
the area around Leiden and The Hague. General practice
centres will be invited to collaborate in the study by con-
tacting them through several care groups in the region
of the province of South Holland. Potential participants
will be identified by a computerised search of the general
practices’ records. Lists of possibly eligible patients gen-
erated by the search will be reviewed by the GP and/or a
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physician assistant. Individuals likely to be ineligible, or
unsuitable to approach because of co-morbidity or other
practical or medical obstacles to participation, will be re-
moved from this list. Potentially eligible participants will
receive a patient information letter from their GP sent
by regular mail with an invitation to participate in the
study. Permission to disclose identifying data is given by
sending back a response-leaflet to the investigator and/
or the GP, using reply-paid envelopes. The GP and/or
the physician assistant have the liberty to remind non-
responders once.

Following agreement and disclosure of identifying
data, potential participants will receive additional infor-
mation from the investigators. When still interested in
participation, an appointment for the first visit will be
made, where the study will be fully explained and dis-
cussed. After written informed consent has been ob-
tained, the participant will be screened further for
eligibility.

Patients with T2D who hear from the study through
other routes than the ones stated above and wish to par-
ticipate, can participate if they fulfil the inclusion criteria
and their GP does not have any objections. The inclu-
sion period will last approximately 1,5-2 years, counting
from the first inclusion.

If it is not possible to recruit enough participants
through the various care groups, we can pre-select po-
tential candidates in the anonymous routine healthcare
database “ELAN data warehouse”. GPs in the Leiden/
The Hague region share their anonymized patient data
in this database. The ELAN data warehouse will then be
used to preselect potential study participants from GPs
who collaborate with us in this study. These GPs will
identify and invite potential participants by matching
electronic medical record code numbers.

Study population

One hundred individuals (men or women) with T2D
and a BMI > 27 kg/m? who are treated with lifestyle ad-
vice only and have a HbAlc > 48 mmol/mol, or who are
treated with the combination of lifestyle advice and met-
formin, will be recruited for the study.

Inclusion criteria
In order to be eligible to participate in the study, a par-
ticipant must meet the following criteria:

Diagnosis of type 2 diabetes

Age > 18 years and < 75 years

BMI > 27 kg/m?

Treatment with lifestyle advice and meeting at least
one of the following two criteria:

e HbAlc>48 mmol/mol

e Treatment with metformin
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Exclusion criteria
A potential participant who meets any of the following
criteria will be excluded from participation in this study:

e Recent myocardial infarction (< 6 months)

e Creatinine clearance < 30 ml/min/1,73m>

e DPregnancy

e Contraindications for Magnetic Resonance Imaging
(MRI)

e Allergy for nuts, sesame, soy or another ingredient
of the diet

e History of syncope with calorie restriction in the
past

e Any significant other disease (at the discretion of the
investigator)

Screening

At screening for eligibility, medical history will be taken
and a physical exam will be performed to collect infor-
mation on in- and exclusion criteria. Fasting blood levels
will be recorded for HbAlc, glucose, creatinine, aspar-
tate aminotransferase (ASAT), alanine aminotransferase
(ALAT), haemoglobin, red «cell indices, leucocytes,
thrombocytes. If it is unclear whether someone is eligible
for inclusion, patient information can be requested from
the GP, other specialists or the pharmacy.

Intervention

Participants will be randomised to receive the FMD for
5 consecutive days a month during a year plus usual care
or usual care only. The use of metformin will be contin-
ued during the study, including the FMD periods.
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The fasting-mimicking diet

The FMD is a meal replacement plan that mimics
water-only fasting. It consists of ingredients that are gen-
erally regarded safe and is completely plant based. It
consists of bars, soups and beverages aiming to achieve a
consistent and effective short-term calorie restriction,
while providing adequate micronutrients. An example of
the meal plan can be found in Table 1. Very low protein
and sugar content is essential for this diet. Complex car-
bohydrates and polyunsaturated fatty acids are its main
components. It entails a 5 day regimen. For patients who
weigh less than 100 kg, day 1 has ~ 1100 kcal (10% pro-
tein, 56% fat and 34% complex carbohydrate); days 2—5
are identical and provide ~ 750 kcal (9% protein, 44% fat,
47% complex carbohydrate). For patients who weigh
more than 100 kg, the diet will be amplified with one bar
a day (90 kcal) with similar characteristics as the rest of
the diet. The diet is lactose and gluten free, but contains
nuts, soy and tomato as ingredients. Water and herbal
tea can be consumed without a limit during the 5 days
of the diet. Coffee or tea containing caffeine are limited
to one cup a day. All items to be consumed per day are
placed in an individual package, which will prevent the
participant from consuming components of one of the
following days by accident.

Usual care

To evaluate the feasibility of the use of the FMD in clin-
ical practice, patients will be controlled by their general
practitioner as usual and treated according to the Dutch
treatment guideline for T2D for GP’s [23]. Medication
dosage can be adapted by the GP as required to attain
an HbA1c of 53 mmol/mol. If at any moment during the

Table 1 Example meal plan of the fasting-mimicking diet for study participants

Day 1 Day 2 Day 3 Day 4 Day 5
Breakfast Tea Tea Tea Tea Tea

Nut bar Nut bar Nut bar Nut bar Nut bar

Algal Oil capsule Algal Oil capsule
Lunch Tea Tea Tea Tea

Tomato Soup Mushroom Soup Tomato Soup Vegetable Soup Tomato Soup

Olives Olives Kale Crackers Olives Kale Crackers

Kale crackers

Vitamin capsule  Vitamin capsule Vitamin capsule Vitamin capsule Vitamin capsule
Afternoon Tea Tea Tea Tea Tea

Nut bar Olives Olives
Dinner Tea Tea Tea Tea

During the day

Minestrone Soup
Choco crisp bar

Vitamin capsule

Quinoa Mix Soup
Choco crisp bar
Vitamin capsule

Syrup for water flavouring

Minestrone Soup

Vitamin capsule

Syrup for water flavouring

Quinoa Mix Soup
Choco crisp bar

Vitamin capsule

Minestrone Soup

Vitamin capsule

Syrup for water flavouring  Syrup for water flavouring
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trial HbAlc is lower or higher than this target value,
metformin (or any other prescription drug to reduce
plasma glucose concentration) will be stopped, contin-
ued or increased at the discretion of the GP.

Randomisation and treatment allocation

Randomisation will be performed after written informed
consent and screening, when a participant is eligible
based on the eligibility criteria. Participants will be ran-
domised to receive the FMD in addition to usual care or
usual care only. To ensure equal allocation of subgroups,
stratification will be performed for gender and for
weight < 100 kg and > 100 kg at baseline. Randomisation
will be performed using permuted block randomization
with blocks sizes 2 and 4.

Treatment allocation is computer generated via the
electronic trial database in Castor EDC [24]. Allocation
sequence is concealed by Castor EDC until randomisa-
tion of a participant. Castor EDC is used to assign par-
ticipants to the different groups.

Blinding

Because this is a dietary intervention study, it is not pos-
sible for participants or all study personnel to be blinded
to group assignment. The study will be assessor-blinded,
as the study research nurses who will perform the data
collection (e.g. anthropometrics and blood pressure),
and the technicians measuring gut microbiota and la-
boratory works will be blinded to intervention assign-
ment. Moreover, the MRI images will be presented to
the investigator anonymously (study identification num-
ber only) for analysis.

Data collection

Data collection will be performed by study research
nurses at baseline and follow-up visits at the LUMC. All
study nurses have received training on how to perform
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the data collection during the study visits. Follow-up
time is 1 year. Participants come in for more extensive
visits at study baseline, after 6 months and after 12
months. Furthermore, participants are seen several times
in between the extensive study visits. For a detailed
timeline of assessments, see Fig. 1. For details on the as-
sessments during the study visits, see Table 2. Partici-
pants in the FMD group will receive a telephone call
from the researchers during the FMD period, to pro-
mote participant compliance to the diet. If applicable,
adverse events are recorded.

In compliance with the GCP guidelines, the investiga-
tor will store all source documents that support the data
collected from each subject, as well as all essential study
documents. Source documents include paper case report
forms (CRFs), Castor EDC (eCRFs) and Hix ChipSoft
(Electronic Health Records Software used in the LUMC).
Participant specific data will be labelled with a study
identification number and entered in the electronic trial
database in Castor EDC. The study identification num-
ber will be linked to personal information of the partici-
pant used for trial logistics in a separate electronic study
database, which will be safeguarded by the investigator
in accordance with GCP rules.

Outcomes

An overview of the outcomes measured at each stage of
the FIT study can be found in Table 2. Height will be
measured in cm. Body weight will be measured to the
nearest 100 g in light clothing without shoes. Body fat
percentage by Bioelectrical Impedance Analysis will be
performed in the same conditions. Waist circumference
will be measured in cm halfway between the point of the
lowest rib and the iliac crest. Blood pressure will be
measured with participants seated, an average of two
measurements will be taken. For an overview of the dif-
ferent questionnaires used in the FIT study, see Table 2.

Control group
month 1 2 3 4 5 6 7 8 9 10 11 12
L 1 1 1 1 1 1 1 1 1 1 1 1
TOT1 T2 T3 T4 T5 T6 T7 T8
FMD group
month 1 2 3 4 5 6 7 8 9 10 11 12
TOT1 T2 T3 T4 T5 T6 T7 T8
FMD
Fig. 1 Timeline of assessments from TO (baseline) to T8, also in relation to the timing of the FMD




van den Burg et al. BMC Endocrine Disorders (2020) 20:94 Page 6 of 11

Table 2 Detailed schedule of assessments during follow up

Follow up Screening Baseline Inthe Inthe Inthe Aftersix Inthe Inthe Inthe After
first second fourth months eighth tenth twelfth twelve
month month month month month month months

T0 T1 T2 T3 T4 T5 T6 17 T8

Participant characteristics
Medical history
Anthropometrics

Blood pressure

<X X X X X

Medication dosage
Adverse Events
Serious Adverse Events
MRI

<X X X X X X X
<X X X X X X X

Stool sample (including registration form)

<X X X X X X X X
>
>
>

Finger-stick ketone bodies test
Questionnaires
Cost questionnaire X X X
Quiality of Life (EQ-5D-5L) X X X X
Treatment satisfaction (DTSQs) X X X X
Treatment satisfaction (DTSQc)
Eating habits (DHD-FFQ) X X
Physical activity (SQUASH) X X

X X X X X X X

MRI safety questionnaire X X X
Fasting blood sample

HbATc

Glucose

Creatinin

ASAT

ALAT

Haemoglobin

Red cell indices

Leucocytes

X X X X X X X X X

Thrombocytes

OGTT (5x glucose and 5x insulin)
Total cholesterol

Low-density lipoprotein (LDL)
High-density lipoprotein (HDL)
Triglycerides

<X X X X X X

High sensitive CRP

X X X X X X X

Metabolomics

IGF-1°

<X X X X X X X X X

Insulin-like growth factor-binding protein (IGF-BP-1)

Laboratory tests with a * will only be performed in the FMD group

Participants will be requested to bring a recent overview Finger-stick test for measurement of ketone bodies will be
of their medication use from their GP or their performed in fasting conditions. Blood will be collected in
pharmacy. fasting conditions, for details of laboratory tests, see Table 2.
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The oral glucose tolerance test (OGTT) will be per-
formed at baseline, after 6 months and after 12 months.
Participants will be asked to stop using all glucose low-
ering medication for 1 day prior to any OGTT. A Ven-
flon catheter will be inserted into an antecubital vein.
Participants will be asked to drink a standard solution of
75 g of glucose dissolved in 300 ml of water. Blood will
be collected at time 0, 30, 60, 90 and 120 min for meas-
urement of glucose and insulin (at all timepoints).

MRI will be performed after at least 6 hrs of water-only
fasting, after verifying that there are no contraindications
to perform an MRI. The MRI will take place at baseline,
after 6 months and after 12 months. All imaging will be
performed on an MRI system operating at a field strength
of 3 Tesla (Philips Medical Systems, Eindhoven, The
Netherlands). Total scan time will be around 60 min. No
additional contrast or medication will be administered
during the examination. Cardiovascular MRI will be per-
formed, for which a vector electrocardiogram and a
breathing registration sensor is positioned on the abdo-
men, and a cardiac coil is placed over the chest. Breathing
instructions are given through a headset. Multiple scans
will be performed to determine heart dimensions and sys-
tolic and diastolic function of the heart. Flow through the
mitral, tricuspid, aortic, and pulmonary valves will be
assessed. For measuring body fat distribution, the volumes
of the visceral and subcutaneous fat depositions of the
body trunk will be visualized and quantified. Fat distribu-
tion in liver (LiverMultiScan, Perspectum Diagnostics, Ox-
ford, UK) and heart tissue (Custom made software patch
for respiratory navigator gated 1H-MR Spectroscopy, Lei-
den, The Netherlands) will be determined.

Stool samples will be collected at home using provided
equipment and instructions. Samples will be stored at
home in their refrigerator and brought to clinic within max
2 days. After receiving the stool samples, the samples will
be processed and stored at — 80 °C until further analysis.

Primary outcome

The primary endpoints of the study are HbAlc and anti-
diabetic medication dosage. These primary endpoints
will be combined to compare the total successful out-
comes between the FMD group and the control group
after 12 months of follow up. A successful outcome will
be defined as any reduction in the antidiabetic medica-
tion dosage and/or a decrease of HbAlc of 5 mmol/mol
or more. HbAlc and antidiabetic medication dosage will
also be recorded after 6 months.

Secondary outcomes
e Bodyweight, waist circumference, body mass index

and body fat percentage: recorded at baseline and
every following study visit.
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e Blood pressure: systolic and diastolic values
measured at baseline and every following study visit.

e Fasting glucose: measured at baseline, after 6
months and after 12 months.

e Glucose and insulin response to an oral glucose
load: OGTT measured at baseline, after 6 months
and after 12 months.

e DPlasma lipid profiles: measured at baseline, after 6
months and after 12 months.

e Metabolomics: measured at baseline and after 12
months.

o High sensitive CRP: measured at baseline, after 6
months and after 12 months.

e Dosage of statins and antihypertensive medication:
recorded at baseline, after 6 months and after 12
months.

e Visceral fat, liver/heart ectopic fat, total body fat:
from magnetic resonance imaging, measured at
baseline, after 6 months and after 12 months.

e Cardiovascular function: from magnetic resonance
imaging, measured at baseline, after 6 months and
after 12 months.

e Gut microbiota architecture: measured from stool
samples stored at baseline, after 1 week, after 6
months and after 12 months.

e Change in dietary pattern: DHD-FFQ measured at
baseline, after 6 months and after 12 months [25].

o Cost-effectiveness analysis: The economic evaluation
will consist of both a trial-based cost-effectiveness ana-
lysis with a time horizon of 12 months and a model-
based cost-utility analysis with a lifetime horizon.

e Change in physical activity: SQUASH measured at
baseline, after 6 months and after 12 months [26].

o Quality of life: EQ-5D-5L measured at baseline, after
3 months, after 6 months, after 9 months and after
12 months [27, 28].

e Treatment satisfaction: DTSQs at baseline, after 3
months, after 6 months, after 9 months and after 12
months [29]. DTSQc after 12 months [30].

o Feasibility in clinical practice: Percentage of fully
compliant participants after 12 months, where
compliance is based on self-report and laboratory
measures. Glucose levels and finger-stick ketone
bodies tests are performed after several FMD
periods.

Power calculation

The number of participants that will be included in the
study is limited to 100 (50 in each group). We computed
expected effect sizes with a sample size of 100. As all
participants will be asked to come in for T8, we work
with a limited loss to follow-up of 10% [8], thus basing
the calculations on 90 participants (45 in each group).
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We computed the effect size that can be detected with
80% power for the binary endpoint, which is equal to
one if either a lower dose of antidiabetic medication is
used at the end of the study compared to the start, if
HbAlc is at least 5 mmol/mol lower at the end com-
pared to study start, or both.

The expected percentage of participants in the control
group who will reach this endpoint is between 4 and 6%
[8, 31]. For this power calculation, we assumed a per-
centage of 5% of participants in the control group who
will reach the combined endpoint. With a significance
level of 5 and 80% power, using a two-sided binomial
test with 45 participants in each group, an absolute dif-
ference in percentages of 21% (i.e. 5% in the control
group and 26% in the treatment group) can be detected.

Statistical analysis

Data will be analysed on an intention-to-treat basis at
the 12-month point. In addition, a per protocol analysis
well be carried out. A significance level of 5% will be
used.

Baseline data

Baseline data from the two groups will be compared on
the following baseline values: age, gender, BMI and
metabolic parameters. The values will be summarized
using mean and standard deviation, or in case of an
asymmetric distribution, by using median and interquar-
tile range.

Hypothesis tests will be carried out using t-tests for in-
dependent samples, or, if the assumption of normality is
violated, with a Mann-Whitney test. Multiple testing will
be corrected for by using the Benjamini-Hochberg pro-
cedure. If the groups are found to be imbalanced on one
or more covariates, then the following analyses will be
adjusted for those covariates. Furthermore, the following
analyses will be adjusted for gender and for weight < 100
kg or > 100 kg, since randomization is stratified for these
values.

Primary and secondary outcomes

Primary and secondary outcomes will be summarized
using mean and standard deviation, or in case of an
asymmetric distribution, by using median and interquar-
tile range. HbAlc and antidiabetic medication dosage
will be compared between the two groups, using t-tests
for independent samples, or, if the assumption of nor-
mality is violated, with a Mann-Whitney U test. The
values at 12 months will be used for these tests.

To compare the total successful outcomes, the primary
endpoints HbAlc and antidiabetic medication dosage
will be combined. A successful outcome will be defined
as any reduction in the antidiabetic medication dosage
and/or a decrease of HbAlc of 5mmol/mol or more.
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This will be compared between the two groups as de-
scribed above. To correct for multiple testing, the pro-
cedure of Benjamini-Hochberg will be used.

To detect a difference in the profiles of the outcomes
that are measured repeatedly during the course of the
study, a mixed model will be used. This model can be
used if there is missing data, and if participants have
their visits at different time points. The interaction be-
tween time and treatment arm will be included. Besides
a random slope per participant, a random intercept and
the inclusion of splines will be considered. In case
complete observations are available for at least 80% of
the participants, and if the pattern of missing observa-
tions is deemed noninformative, the mixed model will
be compared to a generalized least squares model with
unstructured, compound symmetry, or AR (1) covari-
ance structures. The choice between the options will be
made using the AIC criterion.

As multiple primary endpoints are measured repeat-
edly, multiple mixed models will be fit. For each of the
models, the outcome of the global F or LR test (where
appropriate) will be reported, and significance evaluated
using the procedure of Benjamini-Hochberg.

The secondary outcome ‘feasibility in practice’, mea-
sured as the percentage of compliant participants, will
not be tested, as there is no reference value for
comparison.

Cost-effectiveness analysis

The economic evaluation will consist of both a trial-
based cost-effectiveness analysis with a time horizon of 1
year and a model-based cost-utility analysis with a life-
time horizon.

In the trial-based economic evaluation, the effects of
the FMD will be compared to usual care and related to
the difference in costs. Differences in mean costs and ef-
fects (HbAlc -level and QALYs) between strategies will
be compared with two-sided bootstrapping. In a net-
benefit analysis, costs will be related to the participant
reported outcomes and presented in a cost-effectiveness
acceptability curve. No discounting will be applied due
to the time horizon of the economic evaluation of 1 year.
Multiple imputation will be used for handling missing
data. The evaluation will be performed from a healthcare
and societal perspective. Sensitivity analysis will be car-
ried out for the most important assumptions.

In the model-based cost-utility analysis the UKPDS
Outcomes model will be used to estimate lifetime costs
and QALYs for the FMD in comparison to usual care
[32]. In this lifetime cost-utility analysis costs will be dis-
counted at a percentage of 4% and effects at a percent-
age of 1.5%, according to the Dutch guidelines for health
economic research [33]. Sensitivity analysis will be car-
ried out for the most important input parameters.
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Costs consist of healthcare costs and non-healthcare
costs, such as costs of food (cost of the FMD and usual
diet) and productivity costs (absence of paid and unpaid
work). Healthcare costs concerns the costs of health care
use related to diabetes during the year of follow-up e.g.
GP visits, visits to dietician, medication. Costs of the
FMD will be based on the putative market price. Health
care use and absence from work will be assessed with
the cost questionnaire (see Table 2). For the valuation of
health care, standard prices published in the Dutch cost-
ing guidelines will be used [34]. Costs of absenteeism
from paid work will be calculated using the friction cost
method. Quality-of-life adjusted life-years (QALYs) will
be estimated with aid of the EQ-5D-5L. Utilities will be
calculated from the EQ-5D-5L questionnaire using the
Dutch tariff [35]. Using the area-under-the-curve
method for the utility scores obtained for each partici-
pant, the QALY outcome per participant will be ob-
tained for the trial-based cost-effectiveness analysis.
Furthermore, utility values will be used as input in the
model for the lifetime cost-effectiveness analysis.

Participant withdrawal

Participants who withdraw from the study will not be re-
placed. Participants will be asked to return at T4 and T8
for measurements of the primary and secondary end-
points, to be able to perform an intention-to-treat ana-
lysis. Subjects can leave the study at any time for any
reason if they wish to do so without any consequences.
The investigator can decide to withdraw a subject from
the study for urgent medical reasons. All data generated
up to the time of discontinuation from the study will be
analysed and the reason for discontinuation (if known)
will be documented.

Safety

Adverse events

Previous experience with this FMD did not reveal serious
side effects. Some weakness and headache were some-
times reported. Very few participants dropped out of pre-
vious studies because of physical side effects [20, 21].
Hypoglycaemia is not very likely to occur when partici-
pants use the FMD while also using metformin, since met-
formin has no effect on insulin secretion. Metformin will
therefore be continued during the FMD. GPs are asked to
inform the research team about Serious Adverse Events
(SAEs) and Adverse Events (AEs). Participants will be
asked at every visit about SAE’s. AE’s will be recorded at
several study visits (see Table 2) and during telephone
contacts with the research team.

Medication use
Medication dosage can be adapted by the GP at any mo-
ment according to the Dutch treatment guideline T2D
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for GP’s [23]. In the event of progression of the diabetes
in the FMD group, other medication can be started by
the GP in addition to metformin, for example a sulpho-
nylurea derivative. When this occurs during the follow
up, sulphonylurea derivatives will be stopped during the
FMD, and an additional measurement of fasting glucose
1 week after the FMD will be necessary before the par-
ticipant can restart this medication. GPs are asked to in-
form the research team when they start additional
glucose lowering medication, so a personal safety plan
can be developed for people in the FMD group.

Incidental findings

In the informed consent form, participants will give per-
mission to be informed about incidental findings that
have important consequences for their health. Their
general practitioner will be informed likewise, and will
then be asked to start up further diagnostic tests, treat-
ment and/or referral to other specialists. Two examples
of incidental findings are an unexpected laboratory result
or unknown hypertension. MRI scans are not routinely
evaluated by a radiologist for incidental findings. However,
incidental findings can occur while performing the MRI
scan or during analysis afterwards. Incidental findings that
have important consequences for a participants’ health
will be reported to the participant and the GP.

Monitoring

Monitoring will be done annually according to a moni-
tor plan by internal monitors of the LUMC, since there
is a negligible risk a data safety monitoring board will
not be formed. A safety report will be submitted to the
Medical Research Ethics Committee of the LUMC every
year. An interim analysis will not be performed.

Discussion

T2D can be greatly influenced by lifestyle interventions,
including dietary interventions [3]. Improvement in meta-
bolic parameters is certainly possible and may even lead to
remission of T2D [6-8]. However, not everyone responds
to a dietary intervention in the same way. Furthermore,
severe restriction of calories for a longer period of time
can be difficult to adhere to. A substantial proportion of
people do not adhere to weight loss interventions [10].
Therefore, it is important to have several effective options
for management of T2D, so people can find an option in
accordance with their preferences. Previous studies have
shown that FMDs can be beneficial in mice with hypergly-
caemia [36] and healthy subjects [20, 21]. Studies in pa-
tients with T2D have not yet been performed.

The advantage of a FMD is that people have major
dietary adjustment for a few days every month, and can
thereafter return to a more ‘normal’ diet. In the FIT trial,
participants do not get dietary advice for the time
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periods in between the FMD. However, dietary advice
for patients with T2D is already part of usual care in
general practices [23].

The FIT trial chose to only include T2D patients who
are treated with lifestyle advice only or with lifestyle ad-
vice and a dose of metformin. T2D patients who use
other types of antidiabetic medication, especially insulin,
might be at risk for developing hypoglycaemia while
using this medication in combination with the FMD. In
the FIT trial, GPs and participants are instructed to con-
tact the research team if additional medication is started,
to be able to provide a personalised safety plan for the
participant. Therefore, if in the FIT trial the use of the
FMD improves metabolic parameters and/or reduces the
need for medication, additional research is still necessary
to assess the safety and effectivity in patients with T2D
who use other types of antidiabetic medication.

To conclude, this randomised, controlled, assessor-
blinded intervention trial will establish whether monthly
cycles of a FMD improve metabolic parameters and/or
reduce the need for medication in patients with T2D. In
addition, many other health parameters will be mea-
sured. Furthermore, a cost-effectiveness evaluation will
be performed and the feasibility in clinical practice will
be measured as the percentage of compliant patients in
the FMD group. Follow up is expected to be completed
in June 2021.

Abbreviations

AE: Adverse Event; ADF: Alternate Day Fasting; ALAT: Alanine
aminotransferase; ASAT: Aspartate aminotransferase; BMI: Body mass index;
CRP: C-reactive protein; eCRF: Electronic case report form; FIT: Fasting In
diabetes Treatment; FMD: Fasting-mimicking diet; GCP: Good clinical
practice; GP: General practitioner; HbAlc: Glycated haemoglobin; HDL: High-
density lipoprotein; IGF-1: Insulin-like growth factor 1; IGF-BP-1: Insulin-like
growth factor-binding protein 1; LDL: Low-density lipoprotein; LUMC: Leiden
University Medical Center; MRI: Magnetic Resonance Imaging; OGTT: Oral
glucose tolerance test; SAE: Serious Adverse Event; T2D: Type 2 diabetes;
QALY: Quality-of-life adjusted life-years

Acknowledgements
Not applicable.

Authors’ contributions

EB, MS, PP, MA, KW, VL, HL, MN and HP contributed to the study concept
and design, and drafting and critical revision of the manuscript. All authors
have read and approved the final version of the manuscript.

Authors’ information
Not applicable.

Funding

The collaboration project is co-funded by the PPP Allowance made available
by Health~Holland, Top Sector Life Sciences & Health, to stimulate public-
private partnerships as well as by a contribution from the Dutch Diabetes
Foundation and L-Nutra. External peer-review took place during the funding
process and was performed by ZonMw (The Netherlands Organisation for
Health Research and Development).

Health~Holland and the Dutch Diabetes Foundation provide funding for
research personnel, assays, MRI, patient recruitment, patient fees and travel
expenses. L-Nutra provides unrestricted additional funding for research
personnel and assays. Furthermore, the FMD was provided by L-Nutra.

Page 10 of 11

The funding sources have not had a role in the design of the study, and will
not have a role in the collection, management, analysis and interpretation of
data and writing the report after the study has been finished.

Availability of data and materials

Not applicable for this study protocol. The datasets generated during the FIT
trial are at the moment not publicly available due to the ongoing status of
the study, but will be available upon completion of the data collection from
the corresponding author on reasonable request.

Ethics approval and consent to participate

The study will be performed in accordance with the Declaration of Helsinki
and was approved by the Medical Research Ethics Committee of the Leiden
University Medical Center (METC Leiden-Den Haag-Delft) on the 20th of
September of 2018. Identifiers: P18.049 and NL63892.058.18; protocol: version
3.0, 25th of July of 2018.

Current version of the protocol: version 5.0, 8th of November of 2019. Since
the start of the trial, some minor procedural changes have been made to
the protocol. A change in secondary outcomes is that the stool sample is
now also collected after 1 week, in addition to baseline, after 6 months and
after 12 months. No changes have been made in eligibility criteria, intervention,
primary outcomes or analyses. These changes have been approved by the
Medical Research Ethics Committee of the Leiden University Medical Center
(METC Leiden-Den Haag-Delft).

Participants have to provide written informed consent for participation in the
trial before screening. The first patient was included on the 5th of November of
2018. Recruitment is ongoing at the time of submission of the study protocol.

Consent for publication
Not applicable.

Competing interests

Health~Holland, the Dutch Diabetes Foundation and L-Nutra, as the funders,
have no role in the design or conduct of the study nor in the preparation,
review or approval of the manuscripts.

VL is founder and shareholder of L-Nutra; his shares are destined to the
Create Cures Foundation and other charitable and research organizations. HP
has shares in a company that has invested in L-Nutra.

Author details

'Department of Public Health and Primary Care, Leiden University Medical
Center (LUMC), Postzone VO-P, Postbus 9600, 2300 RC, Leiden, The
Netherlands. “Department of Biomedical Data Sciences, Medical Decision
Making, Leiden University Medical Center, Leiden, the Netherlands. ®Internal
Medicine, Leiden University Medical Center, Leiden, the Netherlands. “Human
Genetics, Leiden University Medical Center, Leiden, the Netherlands. °FIRC
Institute of Molecular Oncology, Milan, Italy. ®Longevity Institute, Davis
School of Gerontology, University of Southern California, Los Angeles, USA.
’Radiology, Leiden University Medical Center, Leiden, the Netherlands.

Received: 10 March 2020 Accepted: 15 June 2020
Published online: 24 June 2020

References

1. Cornelis MC, Hu FB. Gene-environment interactions in the development of
type 2 diabetes: recent progress and continuing challenges. Annu Rev Nutr.
2012;32:245-59.

2. Ley SH, Hamdy O, Mohan V, Hu FB. Prevention and management of type 2
diabetes: dietary components and nutritional strategies. Lancet. 2014;
383(9933):1999-2007.

3. van Ommen B, Wopereis S, van Empelen P, van Keulen HM, Otten W,
Kasteleyn M, et al. From Diabetes Care to Diabetes Cure—The Integration of
Systems Biology, eHealth, and Behavioral Change. Front Endocrinol
(Lausanne). 2018:8(381).

4. Taylor R, Barnes AC. Translating aetiological insight into sustainable
management of type 2 diabetes. Diabetologia. 2017:1-11.

5. Taylor R. Type 2 diabetes: etiology and reversibility. Diabetes Care. 2013;
36(4):1047-55.

6. Souto-Gallardo Mde L, Bacardi Gascon M, Jimenez CA. Effect of weight loss
on metabolic control in people with type 2 diabetes mellitus: systematic
review. Nutr Hosp. 2011,26(6):1242-9.



van den Burg et al. BMC Endocrine Disorders

20.

21,

22.

23.

24.

25.

26.

27.

28.

(2020) 20:94

Lim EL, Hollingsworth KG, Aribisala BS, Chen MJ, Mathers JC, Taylor R.
Reversal of type 2 diabetes: normalisation of beta cell function in
association with decreased pancreas and liver triacylglycerol. Diabetologia.
2011;54(10):2506-14.

Lean MEJ, Leslie WS, Barnes AC, Brosnahan N, Thom G, McCombie L, et al.
Primary care-led weight management for remission of type 2 diabetes
(DIRECT): an open-label, cluster-randomised trial. Lancet. 2018;391(10120):
541-51.

Lean MEJ, Leslie WS, Barnes AC, Brosnahan N, Thom G, McCombie L, et al.
Durability of a primary care-led weight-management intervention for
remission of type 2 diabetes: 2-year results of the DIRECT open-label,
cluster-randomised trial. Lancet Diab Endocrinol. 2019;7(5):344-55.

Lemstra M, Bird Y, Nwankwo C, Rogers M, Moraros J. Weight loss
intervention adherence and factors promoting adherence: a meta-analysis.
Patient Preference Adherence. 2016;10:1547-59.

Redman LM, Smith SR, Burton JH, Martin CK, Il'yasova D, Ravussin E.
Metabolic Slowing and Reduced Oxidative Damage with Sustained Caloric
Restriction Support the Rate of Living and Oxidative Damage Theories of
Aging. Cell Metab. 2018;27(4):805-15 e4.

Anson RM, Guo Z, de Cabo R, lyun T, Rios M, Hagepanos A, et al.
Intermittent fasting dissociates beneficial effects of dietary restriction on
glucose metabolism and neuronal resistance to injury from calorie intake.
Proc Natl Acad Sci U S A. 2003;100(10):6216-20.

Liu H, Javaheri A, Godar RJ, et al. Intermittent fasting preserves Beta-cell
mass in obesity-induced diabetes via the autophagy-lysosome pathway.
Autophagy. 2017;13(11):1952-68.

Stekovic S, Hofer SJ, Tripolt N, Aon MA, Royer P, Pein L, et al. Alternate Day
Fasting Improves Physiological and Molecular Markers of Aging in Healthy,
Non-obese Humans. Cell Metab. 2019;30(3):462-76 e5.

Corley BT, Carroll RW, Hall RM, Weatherall M, Parry-Strong A, Krebs JD.
Intermittent fasting in type 2 diabetes mellitus and the risk of hypoglycaemia:
a randomized controlled trial. Diabet Med. 2018,;35(5):588-94.

Arnason TG, Bowen MW, Mansell KD. Effects of intermittent fasting on
health markers in those with type 2 diabetes: a pilot study. World J
Diabetes. 2017,8(4):154-64.

Longo VD, Mattson MP. Fasting: molecular mechanisms and clinical
applications. Cell Metab. 2014;19(2):181-92.

Mita T, Osonoi Y, Osonoi T, Saito M, Nakayama S, Someya Y, et al. Breakfast
skipping is associated with persistently increased arterial stiffness in patients
with type 2 diabetes. BMJ Open Diabetes Res Care. 2020;8(1):1-11.

Rong S, Snetselaar LG, Xu G, Sun Y, Liu B, Wallace RB, et al. Association of
Skipping Breakfast with Cardiovascular and all-Cause Mortality. J Am Coll
Cardiol. 2019;73(16):2025-32.

Brandhorst S, Choi IY, Wei M, Cheng CW, Sedrakyan S, Navarrete G, et al. A
periodic diet that mimics fasting promotes multi-system regeneration,
enhanced cognitive performance, and Healthspan. Cell Metab. 201522(1):
86-99.

Wei M, Brandhorst S, Shelehchi M, Mirzaei H, Cheng CW, Budniak J, et al.
Fasting-mimicking diet and markers/risk factors for aging, diabetes, cancer,
and cardiovascular disease. Sci Transl Med. 2017,9(377):1-12.

Mirzaei H, Suarez JA, Longo VD. Protein and amino acid restriction, aging
and disease: from yeast to humans. Trends Endocrinol Metab. 2014;25(11):
558-66.

NHG-werkgroep Diabetes mellitus type 2. NHG-Standaard Diabetes mellitus
type 2. 2018. https//www.nhg.org/standaarden/volledig/nhg-standaard-
diabetes-mellitus-type-2. Accessed 28 August 2019.

Castor Electronic Data Capture. https.//castoredc.com. Accessed 28 August
2019.

Looman M, Feskens EJ, de Rijk M, Meijboom S, Biesbroek S, Temme EH,

et al. Development and evaluation of the Dutch healthy diet index 2015.
Public Health Nutr. 2017,20(13):2289-99.

Wendel-Vos GC, Schuit AJ, Saris WH, Kromhout D. Reproducibility and
relative validity of the short questionnaire to assess health-enhancing
physical activity. J Clin Epidemiol. 2003;56(12):1163-9.

Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al.
Development and preliminary testing of the new five-level version of EQ-5D
(EQ-5D-5L). Qual Life Res. 2011;20(10):1727-36.

Janssen MF, Pickard AS, Golicki D, Gudex C, Niewada M, Scalone L, et al.
Measurement properties of the EQ-5D-5L compared to the EQ-5D-3L across
eight patient groups: a multi-country study. Qual Life Res. 2013;22(7):1717—
27.

29.

30.

31

32.

33

34,

35.

36.

Page 11 of 11

Bradley C, Lewis KS. Measures of psychological well-being and treatment
satisfaction developed from the responses of people with tablet-treated
diabetes. Diabet Med. 1990;7(5):445-51.

Bradley C. Diabetes treatment satisfaction questionnaire. Change version for
use alongside status version provides appropriate solution where ceiling
effects occur. Diabetes Care. 1999;22(3):530-2.

Adams TD, Davidson LE, Litwin SE, Kolotkin RL, LaMonte MJ, Pendleton RC,
et al. Health benefits of gastric bypass surgery after 6 years. JAMA. 2012;
308(11):1122-31.

Hayes AJ, Leal J, Gray AM, Holman RR, Clarke PM. UKPDS outcomes model
2:a new version of a model to simulate lifetime health outcomes of
patients with type 2 diabetes mellitus using data from the 30 year United
Kingdom prospective diabetes study: UKPDS 82. Diabetologia. 2013;56(9):
1925-33.

Versteegh M, Knies S, Brouwer W. From good to better. new Dutch
guidelines for economic evaluations in healthcare. Pharmacoeconomics.
2016;34(11):1071-4.

Kanters TA, Bouwmans CAM, van der Linden N, Tan SS, Hakkaart-van RL.
Update of the Dutch manual for costing studies in health care. PLoS One.
2017;12(11):e0187477.

Versteegh MM, Vermeulen KM, Evers SMAA, de Wit GA, Prenger R, Stolk EA.
Dutch tariff for the five-level version of EQ-5D. Value Health. 2016;19(4):343-52.
Cheng CW, Villani V, Buono R, Wei M, Kumar S, Yilmaz OH, et al. Fasting-
Mimicking Diet Promotes Ngn3-Driven beta-Cell Regeneration to Reverse
Diabetes. Cell. 2017;168(5):775-88 €12.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.nhg.org/standaarden/volledig/nhg-standaard-diabetes-mellitus-type-2
https://www.nhg.org/standaarden/volledig/nhg-standaard-diabetes-mellitus-type-2
https://castoredc.com

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Primary study objective
	Secondary study objectives

	Methods and design
	Study design
	Recruitment
	Study population
	Inclusion criteria
	Exclusion criteria
	Screening
	Intervention
	The fasting-mimicking diet
	Usual care
	Randomisation and treatment allocation
	Blinding
	Data collection
	Outcomes
	Primary outcome
	Secondary outcomes
	Power calculation
	Statistical analysis
	Baseline data
	Primary and secondary outcomes
	Cost-effectiveness analysis
	Participant withdrawal
	Safety
	Adverse events
	Medication use
	Incidental findings
	Monitoring


	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

