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Chapter 12

The studies in this thesis aim to provide insight into the role of intermittent and
periodic fasting for individuals with type 2 diabetes (T2D), specifically in the form of
a fasting-mimicking diet (FMD) programme integrated into routine primary care in the
Netherlands. In this final chapter, the main research findings are presented (Figure 1),
followed by a discussion of methodological and clinical considerations. Subsequently,
the implications for clinical practice are examined, along with recommendations for
implementation and future research.
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Figure 1. Summary of the main results of the FIT trial.
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Main research findings

In Part I, three reviews summarise the available literature at the time of writing on the
impact of various dietary types and patterns on different aspects of health. These
reviews provide an overview of the effects of intermittent and periodic fasting on several
metabolic parameters in individuals with T2D (chapter 2, van den Burg), effects of
intermittent fasting on weight, fat mass and visceral fat (chapter 3, Schoonakker),
and the impact of diets with different types of macronutrient restrictions on the human
gut microbiome (chapter 4, Schoonakker). The available literature on intermittent
and periodic fasting from animal studies, healthy individuals, and individuals with T2D
was taken into account when designing the Fasting In diabetes Treatment (FIT) trial.

Part Il of this thesis describes the rationale, methods and clinical outcomes of the FIT
trial. Chapter 5 (van den Burg) details the trial’s rationale and methodology, outlining
its randomised, controlled, assessor-blinded design. It outlines the inclusion criteria
for participants, specifically individuals with T2D who are managed either with lifestyle
advice alone or in combination with metformin. The protocol describes the trial’s
intervention, consisting of periodic 5-day FMD cycles repeated monthly over a year
and the trial’s primary and secondary outcomes on the feasibility and effectiveness of
integrating an FMD programme in primary care for individuals with T2D.

The primary outcomes of the FIT trial—changes in HbA1c levels and glucose-lowering
medication use after twelve months—differed significantly between the FMD and
control groups (chapter 6, shared first authorship van den Burg and Schoonakker).
The outcome ‘glycaemic management’, a combination of both HbA1c and glucose-
lowering medication use, was categorized as ‘improved,’ ‘stable,” or ‘deteriorated,’
and improved in 53% of the FMD group versus 8% in the control group, while it
deteriorated in 23% of the FMD group compared to 59% in the control group. The FIT
trial’s secondary outcomes included anthropometric and laboratory measurements,
showing a significant treatment effect on weight, BMI, waist circumference, body fat
percentage, Matsuda index (reflecting insulin sensitivity) and HDL cholesterol after 12
months. There was no effect on fasting glucose, insulin, total cholesterol, LDL cholesterol,
triglycerides, disposition index (reflecting insulin secretion), or high sensitivity CRP.

Chapter 7 and 8 describe secondary outcomes of the FIT trial derived from Magnetic
Resonance Imaging (MRI). There was a reduction in liver fat (PDFF) and liver inflammation/
fibrosis (cT1), both MRI-derived biomarkers, after following the FMD programme in
individuals with T2D (chapter 7, van den Burg). Furthermore, the FMD programme
significantly reduced abdominal visceral adipose tissue (VAT) and subcutaneous adipose
tissue (SAT), while abdominal muscle area remained unaffected (chapter 8, Schoonakker).
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Part Ill of this thesis examines the feasibility of implementing the FMD programme in
primary care. The FIT trial found 61% adherence, with ketone levels confirming compliance
and no differences in treatment satisfaction (chapter 9, Schoonakker). Convenience,
short cycles, and perceived health benefits facilitated adherence, whereas taste, portion
size, and limited social support posed barriers, highlighting key areas to address for
improving feasibility. Chapter 10 (van den Burg) explored self-initiated lifestyle changes,
finding no dietary differences between FMD cycles but increased physical activity in FMD
participants. Focus groups highlighted following an FMD programme as a ‘teachable
moment’ for minor lifestyle changes, with key facilitators including health awareness and
fitness improvements, while barriers included health issues, work, and social events.
Overall, Chapter 11 (van den Burg) assessed the cost-effectiveness of a one-year
FMD programme for individuals with T2D using a trial-based and lifetime model-based
analysis. The FMD programme does not appear to be cost-effective over the first year of
its application in this specific patient group in the context of the Dutch healthcare system,
mainly due to the costs of the FMD programme that was investigated and the relatively low
costs of early stage T2D treatment in current healthcare. Due to the small sample size,
this conclusion should be interpreted with caution. In contrast, in the lifetime model-based
cost-effectiveness analysis, a gain in QALYs in the FMD group was seen and the FMD
programme’ costs were largely offset by savings in the costs of diabetic complications.
This suggests that adding an FMD programme to usual care may potentially be cost-
effective in the long-term. When considering implementation of an FMD programme in
Dutch primary care, these findings should be taken into account.

Comparison with literature

When comparing the outcomes from the FIT trial with those of other trials on
intermittent and periodic fasting in individuals with T2D, as reviewed in chapter 2, most
studies generally indicate that these approaches can improve various anthropometric
and metabolic parameters, consistent with the findings of the FIT trial(1-8). Another
recent review by Rivera Regalado et al.(9) also concluded that intermittent and periodic
fasting, including FMDs, can improve metabolic parameters in individuals with T2D.
While many studies in chapter 2 reported improvements in fasting glucose, HbA1c and/
or weight, results on blood pressure or lipid levels were less conclusive. Contrasting
with the FIT trial (chapter 6), Tang et al.(8) observed reductions in blood pressure and
improved lipid profiles after four months of FMD.

MRI data from the FIT trial revealed high rates of hepatic steatosis at baseline in

both groups, which aligns with findings from earlier studies(10, 11). The FMD induces
reductions in liver fat (PDFF) and inflammation/fibrosis (cT1) after twelve months in the
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FMD group, suggesting potential liver-related benefits for individuals with T2D (chapter 7).
These effects may be more pronounced in those with coexisting MASLD, though
evidence remains limited, with only one supporting animal study(12) and inconsistent
findings from a systematic review on intermittent fasting likely due to the heterogeneity
of the included diets(13).

While previous reviews found greater reductions in subcutaneous fat (SAT) than visceral
fat (VAT) across various interventions (14, 15), the FIT trial showed a more pronounced
loss of abdominal VAT (chapter 8), which is more strongly linked to metabolic benefits
(16). Unlike other weight loss approaches that often reduce muscle mass (17, 18) , FMD
preserved muscle while reducing VAT and SAT. Notably, men lost more VAT relative to
SAT, whereas women showed a more balanced fat loss. These findings highlight the
potential of FMD and underscore the need for further research on sex-specific effects
and body composition changes in T2D.

Chapter 9 focusses on the feasibility of an FMD programme for individuals with T2D.
Many facilitators and barriers found in the FIT trial are described in other dietary
intervention studies. Key facilitators of FMD which were not often shared by other
dietary interventions are the convenience and simplicity, as well as not feeling hungry
during the intervention(19-21). Chapter 10 examined self-initiated lifestyle changes
within the FIT trial, showing increased physical activity in FMD participants. Compared
to existing literature, the barriers and facilitators identified in the FIT trial closely align
with those reported in other qualitative studies on lifestyle changes(22-24). Common
themes include family support, difficulty in changing habits, physical health and fitness,
and work-related challenges, all of which frequently influence lifestyle modifications.
These factors are therefore valuable to explore not only in the context of an FMD
programme, but also when considering other lifestyle interventions in the general
practitioner’s consultation room.

The aim of chapter 11 was to determine cost-effectiveness of a one year 5-day FMD
programme for individuals with T2D, and found that the FMD programme we investigated,
may potentially be cost-effective in the lifetime model-based cost-effectiveness analysis.
Limited literature exists on the cost-effectiveness of FMD programmes. However, one
economic evaluation found that an FMD was cost-effective compared to usual care for
individuals with T2D on dual or triple medications regimens in the USA(25).

From a broader perspective, recent research on the treatment of T2D has led to

the introduction of several effective drug options including glucagon-like peptide 1
receptor agonists (GLP1-RA) and sodium glucose cotransporter 2 inhibitors (SGLT2i),
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which have shown positive outcomes in reducing HbA1c levels as well as other
improvements such as weight loss and reduction in cardiovascular disease, kidney
disease and heart failure(26-28). Whereas the treatment of T2D was previously more
glucose centric, causing an increased risk of side effects such as hypoglycaemia
and ketoacidosis(26), the focus has now shifted also towards the prevention of long
term complications(28). For the future, the management of T2D should shift towards
a pathogenesis centred approach. Obesity plays a major role in the pathogenesis of
T2D, and relatively small amounts (5%) of weight loss reduce the risk of developing T2D
and improve glycaemic control(29, 30), while greater amounts of weight loss may even
lead to the remission of T2D(31). Lifestyle interventions target the underlying disease
mechanism including reduced insulin sensitivity, abnormal adipose tissue distribution,
and fat accumulation in the liver(32), and can therefore constitute a valuable component
of this approach. The FIT trial demonstrates that this approach is also achievable with
an FMD programme.

Methodological considerations

Limitations

Dietary intervention studies

Dietary intervention studies are important for the understanding of the impact of diet
on health outcomes, however there are several limitations that affect all dietary studies
and are difficult to overcome. Several limitations were encountered during the literature
research (Part I), the execution of the FIT trial (Part ll) and the evaluation of the
feasibility of the FIT trial (Part IlI).

1. Heterogeneity. A key limitation encountered in the literature research (Part I), was
the heterogeneity among dietary intervention studies. Substantial differences were
observed in dietary interventions, macronutrient composition, study designs,
primary outcomes, and study duration, making it impossible to conduct meta-
analyses of the included studies. Additionally, when contextualizing the results of
the FIT trial within the broader landscape of dietary interventions, it is important
to recognize that an FMD programme differs significantly from other forms of
intermittent or periodic fasting, such as the 5:2 diet or time-restricted eating(33).

2. The inability of blinding participants. Not blinding participants could have led to
performance bias towards the intervention(34). In the FIT trial (Part ), the risk
of performance bias was reduced as much as possible, by blinding the outcome
assessors and by choosing objective outcomes that are not affected by blinding
such as HbA1c and measurements from MRI data.
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3. Assessment of compliance. There are challenges assessing compliance, since
self-reported compliance often overestimates adherence as participants tend to
give social desirable answers(35). The combination of self-reported compliance
and ketone measurements on the day following some FMD cycles was attempted in
the FIT trial to enhance the reliability of adherence assessment (Part Ill). However,
ketone levels were not found suitable for determining individual compliance due
to significant interindividual variability in ketone response.

Inclusion criteria

Given the limited knowledge about periodic fasting in individuals with T2D at the time
the study was designed, only participants who were either taking metformin or not
using any glucose-lowering medications were included in the FIT trial. This approach
aimed to effectively eliminate the risk of hypoglycaemia. Grajower et al.(36) propose
a medication adjustment protocol informed by the pharmacological mechanisms of
glucose-lowering medication. One trial has suggested that the FMD may be safe for
individuals using sulfonylurea derivatives or insulin when strict glucose monitoring
is applied in combination with a strict medication adjustment protocol during FMD
cycles(7); however, this study was limited by a small sample size and an intervention
period of only six months. Therefore, further research is necessary to determine how
an FMD programme can be safely applied in general practice by individuals with T2D
treated with a diverse range of glucose-lowering medications.

Loss to follow-up

Another specific limitation of the FIT trial was the loss to follow-up, affecting chapters
6 to 11. Of the 100 participants randomised, 8 did not attend the baseline visits (2
from the FMD group and 6 from the control group). During the trial, an additional 10
participants (6 FMD, 4 control) were lost to follow-up. While there were no differences in
the baseline characteristics between those who were lost to follow-up compared to those
who remained in the trial, the high percentage lost to follow-up must be considered.

Multiple factors contributed to the loss to follow-up. Firstly, dissatisfaction with
randomisation among control group participants was noticed, although not all
participants explicitly cited this as the primary reason for withdrawal. This led to a
protocol amendment allowing control group participants access to two FMD cycles post-
trial, which appeared to reduce dissatisfaction-related dropouts. Secondly, COVID-19
played a significant role, since concerns about infection risk during hospital visits
prompted some participants to withdraw. Additionally, numerous hospital visits were
cancelled resulting in missing data. Thirdly, scheduling issues further complicated
participation. The trial required 13 hospital visits ranging from 15 minutes to 1.5 hours
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over a year. This proved specifically challenging for employed participants. In retrospect,
fewer follow-up visits may have reduced this burden.

However, while the loss to follow-up reduces statistical power, the trial still revealed
notable treatment differences between groups. This may be attributed in part to
the strategy of encouraging participants to continue follow-up visits, even after
discontinuation of the FMD.

Focus group discussions

Regarding the focus group discussions, participants were purposively sampled to
ensure diversity in gender, age, BMI and adherence to the FMD. However, there was
a difference in the mean number of completed FMD cycles between focus group
participants and the rest of the FMD group. This discrepancy may have influenced
the findings in chapters 9 and 10, potentially leading to an incomplete identification
of barriers to adherence to the FMD programme or factors hindering self-initiated
lifestyle changes. However, in chapter 9, participants who completed all twelve
FMD cycles identified barriers similar to those reported by participants who did not
complete all cycles. This suggests that the challenges faced were consistent across
both groups. Similarly, in chapter 10, the barriers and facilitators identified by focus
group participants remain relevant and applicable to those who discontinued the FMD
programme. Ultimately, after six focus groups with a total of 20 FMD participants, data
saturation was achieved, suggesting that no additional barriers or facilitators would
have been identified even if more individuals who discontinued the FMD earlier in the
programme had participated.

Strengths

Routine monitoring and treatment in general practice

A key strength of the FIT trial is its generalizability to clinical practice. The management
of T2D was overseen by general practitioners, which involved routine monitoring and
treatment, including adaptation of glucose-lowering medication according to the Dutch
guidelines for T2D(32). This approach was likely to yield more realistic and clinically
relevant results compared to studies where treatment is tightly controlled according
to the study protocol. Also, this enhances the potential for translating the intervention
from research to clinical settings.

Clinically relevant outcomes

Both the primary outcomes, HbA1c levels and glucose-lowering medication use, are
highly relevant in a primary care setting. However, these outcomes mutually influence
each other and should thus be assessed together. As no existing outcome measure
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combining HbA1c levels and glucose-lowering medication use was identified in the
literature, a categorical outcome measure integrating both these primary outcomes
was developed and termed ‘glycaemic management’.

Considerations and recommendations for clinical
practice

In the general introduction of this thesis, the case of Mrs. Riet Suiker was presented
to illustrate the associated challenges and potential benefits of the FMD programme.
Her follow-up is presented here as a potential illustration of what may occur in
individuals following the FMD programme.

Mrs. Riet Suiker

Mrs. Riet Suiker is informed by her general practitioner about the potential effects
of following an FMD programme, as well as the possible side effects that may occur
during the five-day FMD cycles. Motivated to reduce her metformin use, she decides
to proceed with this dietary intervention.

Before starting her first cycle, Mrs. Suiker has an in-depth discussion with the
practice nurse to identify potential barriers and facilitators relevant to her situation.
She determines that the prepackaged meals with simple instructions will be a facilitator,
as they will eliminate the need for decision-making about food choices and grocery
shopping on FMD days, thereby reducing exposure to temptations. She also finds the
structured nature of five consecutive days per month appealing, as it provides a clear
framework that she believes will be manageable. Additionally, her strong motivation to
reduce medication use, her primary goal, will serve as an important driver of adherence.
However, she anticipates that social interactions will be her greatest challenge, as
gatherings with friends often revolve around food. To mitigate this, she decides to
avoid or reschedule social events that coincide with her FMD cycles. Furthermore,
she discusses her plans with her husband, who, despite not having type 2 diabetes,
is overweight. He chooses to join her in the FMD programme and follow the cycles
alongside her, which they both believe will enhance their adherence. The practice nurse
and Mrs. Suiker decide to communicate by telephone every two months to discuss
difficulties, to improve adherence and to discuss other lifestyle changes. With these
strategies in place, Mrs. Suiker feels well-prepared to begin the FMD programme.

After one year, Mrs. Suiker has successfully completed twelve FMD cycles. The regular

phone calls from the practice nurse proved to be a valuable source of support. Over the
year, she has lost 5 kg (BMI 28.7 kg/m?), and her HbA1c has decreased to 48.4 mmol/mol,
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allowing her to discontinue metformin entirely. Although she has not been able to reduce
her antihypertensive or cholesterol-lowering medication, she is pleased with her progress
and reports feeling significantly better overall. Feeling more energetic and healthier,
she has also been able to incorporate regular physical activity: walking for at least 45
minutes each day. Encouraged by her progress, she now seeks guidance from her
general practitioner on how to maintain these improvements.

The case of Mrs. Suiker illustrates how an FMD programme may serve as a valuable
treatment option for individuals with T2D, at least for those who manage glycaemic
control through lifestyle advices only or lifestyle advices combined with metformin as
their sole glucose-lowering medication. For general practitioners and practice nurses,
it is important to know not only that following an FMD programme is effective in
lowering HbA1c levels and reducing glucose-lowering medication use but also that it
provides additional benefits, such as weight loss, reduction of liver fat, and decreases
in both visceral and subcutaneous adipose tissue, all while preserving muscle mass.
The FIT trial was designed with a pragmatic approach and focussing on outcomes
relevant for primary care. Although it was not an implementation study, this thesis
explored several aspects of the FIT trial that should be considered when implementing
an FMD programme in primary care.

Selecting a lifestyle intervention

When selecting a lifestyle intervention together with a patient, several aspects should
be taken into account. In primary care, the discussion with the patient may lie with
the general practitioner, practice nurse, or another primary care professional such
as a dietician or a lifestyle coach. Rather than offering a one-size-fits-all approach,
healthcare providers should be able to engage in collaborative discussion with
individuals to determine the most suitable lifestyle interventions tailored to their needs
and likely to produce favourable outcomes. Personalised strategies may help prevent
disappointment and demotivation, thereby supporting long-term adherence. Evidence
on the feasibility of specific lifestyle-programmes can inform these consultations,
guiding the selection of interventions that match patient expectations. In these
consultations, it is important to also address potential barriers and facilitators, which
can further enhance adherence and success by tailoring the intervention to the
patient’s specific needs.
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After choosing an FMD programme

When an individual with T2D opts to follow an FMD programme, several key
considerations should be discussed prior to initiation:

+ Mild side-effects. The programme is safe, though some participants experienced
mild energy deficit symptoms (fatigue, headache, dizziness, nausea) during the
five-day cycles, which resolved between cycles and generally did not lead to
discontinuation.

+ Follow-up appointments. During the FIT trial, participants received phone
calls from the researchers during FMD cycles, which may have contributed to
adherence. Participants exhibited varying preferences regarding regular contact,
with some favouring consistent communication while others preferred less
frequent engagement. This diversity in preferences highlights the importance of
tailoring communication strategies to individual participant needs.

« Use of supportive techniques. Supportive techniques like motivational interviewing,
collaborative goal-setting, and regular check-ins can improve adherence, which
could be provided by general practitioners, practice nurses or other healthcare
professionals in primary care.

+ Initiation of other life-style changes. Participants often reported an increase in
awareness of the impact of lifestyle on health when following the FMD programme.
This could serve as a ‘teachable moment’ for participants in an FMD programme,
encouraging them to consider additional lifestyle modifications, such as adopting
healthier eating habits between FMD cycles or increasing physical activity.
Healthcare providers should be aware of this opportunity and assess a patient’s
motivation for making broader lifestyle changes while following an FMD programme.
It is essential to integrate lifestyle change support into the guidance process, as
adopting healthier behaviour can provide additional long-term benefits.

Reimbursed care

At the moment, prescribing an FMD meal-replacement box is not part of reimbursed
care by health insurance, meaning that only individuals who can afford to pay for it
themselves have access to the specific FMD meal-replacement box used in the FIT
trial. This exacerbates the existing ‘health gap’, which is a global issue, including in the
Netherlands. The incidence of T2D is higher among individuals with low socioeconomic
status (SES) compared to those with high SES, which could be related to the poorer
diet quality(37, 38). Additionally, low education and low SES are associated with a
higher risk of cardiovascular disease (39), as well as higher rates of cardiovascular
mortality(40). Taking this health gap into account, it is even more crucial to ensure
equitable access to treatment for all individuals.
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Regarding the FMD programme, several possibilities could be considered in addressing

this issue in the future:

Reimbursed care. It would be beneficial if an FMD programme could be part of
reimbursed care by health insurance. This may be considered by policy makers,
since the FMD programme may potentially be cost-effective in the long term
(chapter 11).

Increased production volumes. The industry may reduce the cost of FMD meal-
replacement boxes if a larger number of individuals begin using the product,
leading to increased production volumes.

Tailored diet without meal-replacement products. Individuals could create a
tailored FMD themselves without relying on meal-replacement products. In their
trajectory towards ‘healthy cooking’ and more, they should be supported with
structured programmes. While this option offers advantages, such as allowing
individuals to select preferred foods, which may improve adherence, it also has
disadvantages, as one key facilitators identified in the FIT trial was the ease
of the FMD meal-replacement products and the reduced need for food-related
decision-making(chapter 9). Further research is needed to explore the (cost-)
effectiveness of this option.

Recommendations for future research

While the one-year FMD programme demonstrated positive effects on various health

parameters in individuals with T2D, further research is warranted to fully understand

its long-term benefits and potential applications. Throughout the trial, several

considerations emerged.
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Larger study population. A larger study population would allow for a more in-depth
analysis of patient characteristics and may help identify which factors are associated
with successful or unsuccessful outcomes after following an FMD programme.
Flexibility within the FMD programme. An interesting area for investigation would
be the flexibility of the FMD programme. For example, it would be valuable
to examine whether participants unable to adhere to monthly cycles can still
achieve positive health outcomes when following bi-monthly cycles instead.
While randomised controlled trials typically require strict protocols that limit such
adaptations, research in a real-world implementation setting may provide insight
into a flexible approach.

Long-duration follow-up period. Even though studies lasting twelve months or
longer are relatively scarce (chapter 2), a longer study duration would provide
the opportunity to assess the ‘maintenance phase’, examining how participants
sustain their progress once initial health goals have been achieved. In addition,
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it would be interesting to determine the minimum number of FMD cycles required
to sustain improvements in HbA1c levels and glucose-lowering medication use
in this ‘maintenance phase’.

Patient groups other than T2D. Other patient groups may benefit from following an
FMD programme. Based on the findings of the FIT trial, two specific populations
warrant further investigation: (1) individuals with metabolic dysfunction-associated
steatotic liver disease, to assess the effects of an FMD programme on liver fat
and liver inflammation/fibrosis, and (2) individuals who are overweight or obese,
to determine whether an FMD programme could help prevent comorbidities such
as T2D. Expanding research to these populations could provide valuable insights
into the broader applicability of FMD as a therapeutic intervention.

Effect on the microbiome. Based on the literature review in chapter 4, it was
hypothesized that following an FMD programme would have an impact on the gut
microbiome. As a result, the collection of faecal samples was incorporated into
the study protocol of the FIT trial. However, analysing these data was beyond the
scope of this thesis and remains pending.

Prediction of success rates of lifestyle interventions. Research predicting the
success rates lifestyle interventions based on physical and psychological
patient characteristics would be of significant value. Studies show that individual
features, including physical factors such as genetics, age, metabolic baseline
values and the gut microbiome(41, 42), but also psychological or behavioural
factors such as fewer self-implemented weight loss attempts, greater exercise
self-efficacy, greater dietary restraint, motivation and psychopathology are
associated with successful outcomes in lifestyle interventions(42, 43). Combining
these features, for example using machine learning(44), may lead to personalised
recommendations for lifestyle interventions, which may enhance adherence and
improve health outcomes in the future.
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Conclusion

The findings from the studies presented in this thesis provide new insights into the
role of structured intermittent and periodic fasting for individuals with T2D, specifically
through an FMD programme for primary care in the Netherlands. The results from the
FIT trial demonstrate that a 5-day monthly FMD programme can be safely integrated
into primary care for individuals with T2D, who manage glycaemic control with either
lifestyle advice alone or in combination with metformin. The FMD programme has
shown effectiveness in improving both primary outcomes, HbA1c levels and glucose-
lowering medication use. Additionally, the study found improvements in several
secondary outcomes including anthropometrics, laboratory measurements, and
measurements from MRI-data. The programme appears feasible within primary care,
and healthcare providers could also leverage the programme as a ‘teachable moment’
to stimulate additional lifestyle changes, as individuals may become more aware of the
impact of lifestyle on health. The FMD programme may potentially be cost-effective in
the long term, factoring in savings from reductions in diabetic complications including
cardiovascular disease.
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