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The increasing prevalence of type 2 diabetes mellitus (T2DM) has inspired researchers
to investigate therapies and tools supporting the treatment of this disease. One
such tool is intermittent fasting (IF). Given the nature and mechanism of action of
IF, it would be logical for it to have a beneficial effect on T2DM patients. This study
analyzes the role of IF in the treatment of type 2 diabetes, used alongside standard
recommendations, based on the current literature available to the authors. The
authors discuss the benefits of IF in T2DM treatment, such as improved glycaemic
control, improved insulin sensitivity, facilitated adherence to recommendations,
weight reduction, and lower risk of complications. This study covers the results
of meta-analyses, systematic reviews, and randomized controlled trials (RCTs)
and shows how novel technologies, including continuous glucose monitors and
mobile applications, can support the implementation of IF. The importance of
safety monitoring is also highlighted, particularly in insulin-treated patients due
to the potential risk of hypoglycaemia.
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1 Introduction

Type 2 diabetes mellitus (T2DM) and intermittent fasting (IF) are two distinct topics,
commonly investigated by researchers. Although both have been known for centuries, only
recently have we seen a significant increase in papers addressing the two topics simultaneously
(1, 2). It is paradoxical that despite the progress in understanding type 2 diabetes, the prospects
(and costs) associated with the disease (described in Chapter 3) for the coming years are
alarming (3-6). Therefore, greater effort in investigating various tools for the treatment of
T2DM is important. If used properly, intermittent fasting may be one such tool. We hope to
show that with more focused research and accelerated development of novel technologies, IF
can be a very easy and safe practice. This is of particular importance in insulin-treated type 2
diabetes, where inter alia 24-h blood glucose monitoring is essential (7, 8). Given the
characteristics of the disease on the one hand and the results of many scientific studies looking
at the effects of intermittent fasting on the other, the combination of the two seems to
be synergistic. The issue has even been addressed in the latest edition of “Standards of Care in
Diabetes — 2024” (9), which explicitly suggests that intermittent fasting can be a helpful tool,
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compatible with any diet and safe to use in both types of diabetes. The
authors of these standards also point to the importance of blood
glucose monitoring of diabetic patients practicing intermittent fasting.
The 2024 Standards also address the possible role of “chrononutrition”
(how the timing of food ingestion affects metabolic health), which has
much in common with intermittent fasting as it relates to the timing
of meals (10-13). This makes time-restricted eating an accepted and
even recommended tool in the treatment of T2DM. As intermittent
fasting is completely free to use, it may also be the cheapest of all
available therapeutic tools. The objective of this study is to evaluate IF
in treating type 2 diabetes, based on an analysis of the scientific
research known to the authors. In addition, the study shows how novel
technologies can be helpful in practicing intermittent fasting in
T2DM. Indirectly, it also aims to highlight the indisputable role of
lifestyle in the prevention and treatment of type 2 diabetes.

2 Fasting and intermittent fasting

2.1 Fasting

Fasting can be defined as “time-limited abstention from solid
foods and caloric fluids, in order to suspend (or minimize) energy
supply to the body” The duration of this period is not strictly defined;
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however, Longo and Mattson note that it usually ranges from 12 h to
3 weeks (14, 15).

The longest known period of fasting is believed to be endured by
Angus Barbieri, who, under medical supervision, consumed no foods
or caloric fluids (and therefore no calories) for 382 days. According to
the authors of his case study, “Prolonged fasting in this patient had no
ill-effects” Importantly, however, at the start of the experiment, Mr.
Barbieri’s body weight was 207 kg, 125 kg of which he ultimately lost.
Thus, a vast amount of energy stored in the form of body fat was
available to him (16, 17). This means that for the vast majority, such
long fasting may not be safe.

The body’s adaptation to the fasting state is probably a form of
ancestral evolutionary adaptation that helped the human species to
survive (18). Among other things, it involves the breakdown of stored
glycogen and proteins to produce glucose, alongside the use of stored
fat to produce ketone bodies from fatty acids released into the
bloodstream (19-21). Fasting is also completely natural in animals, as
it directly reflects the environmental conditions they live in. In
addition, fasting has been observed in sick animals, which is caused
by loss of appetite, among other things (17, 22). Loss of appetite is also
commonly observed in humans suffering from a wide variety of
conditions (23).

Since antiquity, fasting for medicinal purposes has been practiced
in many cultures. Hippocrates, the founding father of modern
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medicine, wrote “To eat when you are sick, is to feed your illness” In
his turn, about 500 years ago, Philip Paracelsus believed that “Fasting
(24-26). Other
philosophers who praised the benefits of fasting include Socrates,

is the greatest remedy-the physician within”

Aristotle, Plato, and Galen (27). In one way or another, fasting is
present in all major religions. This includes the periods of Lent and
Advent in Christianity, Yom Kippur in Judaism, Ramadan in Islam,
Ekadashi in Hinduism, or the month of Al4d in Bahaism. Some
Buddhists (in addition to abstaining from certain foods in general)
abstain from food in the afternoon, which is a form of intermittent
fasting (17). Some forms of fasting do not entail complete abstinence
from food, but rather involve the restriction of specific dietary
components, such as grains (e.g., wheat and rice) and legumes, as is
the case during the religious fast of Navratri observed by Hindus.
Nonetheless, even these selective dietary restrictions have been
associated with beneficial metabolic effects, including significant
reductions in HbAlc levels and blood glucose concentrations (28).

The first recorded references to fasting date as far back as the 5th
century BC, and until 1921, the practice was used to treat epilepsy (29,
30). Fasting works by inducing ketosis in the body, a state in which
ketone bodies are produced from fats (ingested and/or broken down).
Subsequently, ketone bodies become the body’s main source of energy,
just like in people on a ketogenic diet (31). Fasting is described even
in the scriptures (Mark 9:29), where Jesus healed a boy of epilepsy and
suggested that the condition could be cured with fasting and prayer
alone “That kind of spirit comes out only if you use prayer and fasting”
(32-34). Fasting for this purpose was discontinued in 1921, when it
was discovered that ketosis could also be induced by the ketogenic
diet, which, unlike fasting, could be used in the long term without the
negative effects of starvation (35, 36).

2.2 Intermittent fasting

Fasting is a relatively broad concept, and intermittent fasting (IF)
is one of its most common forms. Intermittent fasting is the abstinence
from food and caloric fluids over a specific period of time, followed
by a period of food consumption (24, 37). According to the authors of
the 2022 publication, IF can be divided into two main categories:
fasting during the week and fasting during the day. Fasting during the
week is further divided by those authors into Alternate-Day Fasting
(ADF), which means alternating ad libitum food intake for 24 h
followed by 24 h of fasting, and Twice-Weekly Fasting (TWEF), with
2 days of fasting per week and ad libitum consumption in the
remaining 5 days. Conversely, fasting during the day involves
consumption of meals in a time window of 4-10 h (usually 8) and
fasting for the rest of the day. If the feeding window is in the morning,
the authors refer to this as Early Time-Restricted Eating (eTRE), and
if it occurs later in the day, the term to describe the practice is Delayed
Time-Restricted Eating (dTRE)
intermittent fasting is a very fluid concept. It seems that the only

(38). Importantly, however,

common denominator is fasting for a certain period of time,
alternating with a period of food intake.

Currently, an extensive body of scientific literature exists to
illustrate the beneficial effect of intermittent fasting on metabolic
health (24, 39, 40). A number of meta-analyses and systematic reviews
confirm that IF has beneficial effects on, among other things, weight
loss and chronic disease risk parameters (41), including cardiovascular
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risk factors in patients with the metabolic syndrome (42), reduction
in depression rates (43), richness of the gut microbiota (44), potential
benefits in the treatment of multiple sclerosis (45) and non-alcoholic
fatty liver disease (NAFLD) (46), improved body composition (47), or
specific benefits for patients with type 2 diabetes (48).

It is important to clearly distinguish between intermittent fasting
(IF) and starvation. Intermittent fasting does not inherently imply a
caloric deficit, unlike starvation, which by definition involves
prolonged energy and nutrient deprivation. Starvation has been
shown to have long-term physiological consequences, particularly a
persistent reduction in metabolic rate, which may remain suppressed
long after normal eating resumes and, in some cases, may never fully
recover (49). In contrast, as demonstrated in later sections of this
article, IF has been associated with a range of health-promoting effects
in various contexts.

3 Insulin resistance and type 2
diabetes

3.1 Insulin resistance

Over the past decades, insulin resistance has emerged as a major
risk factor in many chronic diseases, such as type 2 diabetes (50, 51),
cardiovascular diseases (52), non-alcoholic fatty liver disease
(NAFLD) (53), and even cancer (54). Insulin resistance significantly
affects public health. In the US, it is estimated to occur in as many as
40% of adults aged 18 to 44 years, based on HOMA-IR values (55).
Since fasting insulin (among other things) is not tested routinely
despite the prevalence of insulin resistance, a significant proportion of
people may go undiagnosed, and the condition may progress gradually
for years. Meanwhile, insulin resistance is known to lead primarily to
type 2 diabetes (56-58). It is therefore possible that even people with
advanced diabetes are still unaware of the disease. This is confirmed
by official statistics, which estimate that in the United States alone, 8.7
million people, or 22.8% of all individuals with diabetes, remain
undiagnosed (59). With this in mind, it is reasonable to believe that
early diagnosis of insulin resistance could often help prevent diabetes
and other conditions associated with it.

Insulin resistance itself is otherwise known as impaired cellular
sensitivity to insulin, the hormone responsible for allowing glucose
from the blood into cells. Liver, skeletal muscle, and adipose tissue
cells are particularly affected, but all cells containing insulin receptors
can become resistant to the hormone (50, 60). Under normal
conditions, the body breaks down ingested carbohydrates into
glucose, which is subsequently released into the bloodstream. The beta
cells of the pancreas then secrete insulin, which lowers blood glucose
levels by moving it into the cells. When the insulin receptors are
activated, they undergo autophosphorylation of tyrosine residues and
trigger intracellular signaling pathways, including the
phosphatidylinositol-3-kinase (PI3K) and protein kinase B (PKB/Akt)
pathways. The PI3K/Akt pathway leads to the translocation of GLUT4
glucose transporters from internal stores to the cell membrane.
GLUT4 in the cell membrane enables glucose transport from the
blood into the cells (61). PTEN, a lipid phosphatase, functions as a key
negative modulator of the PI3K/Akt signaling cascade, an essential
pathway in insulin-mediated metabolic regulation. By
dephosphorylating PIP3 back to PIP2, PTEN counteracts Akt
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activation, thereby attenuating insulin signaling. Increased expression
or activity of PTEN has been associated with impaired glucose uptake
and disrupted metabolic homeostasis, ultimately contributing to the
development of insulin resistance. The inclusion of this molecular
mechanism could enrich the section on insulin resistance (62). In
insulin resistance, impaired cellular sensitivity to insulin forces the
pancreas to produce ever more insulin (hyperinsulinaemia) to
regulate the flow of glucose from the blood into the cells and maintain
homeostasis. The normal serum glucose level is sustained only until
the pancreatic production of insulin is capable of compensating for
the cells’ resistance to the hormone. With increased insulin resistance,
the baseline blood glucose level grows due to the deficiency of GLUT4
transporters (50, 63). The underlying causes of impaired insulin action
are complex. They originate from a number of factors, such as
overeating, obesity, chronic inflammation, energy imbalance, excess
free fatty acids in the bloodstream, abnormal adipokine levels that
affect, among other things, the sensation of hunger, or dysfunction of
the mitochondria themselves (64). When endogenous insulin
production is insufficient to compensate for increasing insulin
resistance, serum glucose levels go up leading to a pre-diabetic state
(fasting glucose levels of 100-125 mg/dL and A1C 5.7-6.4%) and
consequently to diabetes (fasting glucose levels >126 mg/dL and
A1C > 6.5%) (50, 65).

3.2 Type 2 diabetes

Type 2 diabetes is a chronic metabolic disease characterized by
inefficient use of insulin produced by the body (as opposed to type 1
diabetes, whereby insulin production is impaired due to damage to the
beta cells of the pancreas, among other things). Type 1 diabetes is far
less common and represents only 5-10% of all diagnosed cases of
diabetes. Unlike T2DM, it is much more frequent in children than in
adults. Type 2 diabetes can be seen as a further consequence of insulin
resistance and pre-diabetic status (and even a condition indirectly
associated with obesity). Diabetes is a major cause of all-cause
mortality from heart attacks, strokes, blindness, kidney failure, and
even lower limb amputations, among others (4, 66, 67). Recently, there
has been a transition from vascular causes to cancers as the leading
contributor to death rates in individuals with T2D (68).

The prognosis of the disease is alarming. A 2023 paper found that
in 2021, 529 million people worldwide had diabetes and warned that
over 1.31 billion patients could be affected by 2050 (69). The projection
is much more troubling than one made only a few years earlier by
Saeedi et al. (70), who expected that the increase would be from 460
million to 700 million in 2045.

In the US, the cost of diagnosed diabetes has been estimated at
$412.9 billion ($306.6 billion in direct costs and $106.3 billion in
indirect costs), and this is for 2022 alone. The disease is believed to
have become a serious challenge to healthcare systems, which are
severely burdened by the direct and indirect costs of its treatment (3).
European statistics, on the other hand, indicate that $189 billion was
spent on diabetes in 2021 (71). Another team of authors estimated that
in China, the total costs of diabetes would increase from $250.2 billion
in 2020 to $460.4 billion in 2030, thus significantly increasing the
economic burden (6). In Poland, the costs of diabetes-related medical
services, devices, and drugs alone grew from PLN 1.9 billion in 2018
to PLN 2.5 billion in 2022. Meanwhile, it is estimated that by 2030, 1 in
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10 people in Poland will have diabetes (compared to 3.11 million Poles
in 2022) (72).

In summary, current treatments are not sufficient; new methods
and tools should be developed and, once validated, included in
standard diabetes treatment regimens.

4 Synergizing intermittent fasting with
traditional type 2 diabetes treatments

Although it would seem logical that drug-free remission should
be the long-term goal of type 2 diabetes treatment (which is possible)
(73, 74), the officially defined primary goal of treatment is to control
hyperglycaemia (i.e., to keep glucose levels within a low diabetic
range) and to treat the disease’s comorbidities (such as hypertension)
(75, 76). It appears that intermittent fasting may help to achieve not
only these goals but also a number of others that are extremely
important in the treatment of type 2 diabetes. The combination of
traditional T2DM treatment with intermittent fasting may offer a kind
of synergy, resulting in better therapeutic outcomes. The range of the
potentially synergistic effect of the two approaches is described in the
following subsections.

4.1 Improved glycaemic control

The stabilization and control of serum glucose is by far the most
important aspect in the treatment of type 2 diabetes (75, 76). To this
end, the most recent “Standards of Care in Diabetes-2024”
recommends, inter alia, replacing sugar-sweetened beverages
(including fruit juices) with, for example, water, choosing non-starchy
vegetables, nuts, unprocessed carbohydrates, and whole-grain and
fibre-rich foods. Importantly, however, the importance of reducing
total carbohydrate intake is being increasingly appreciated. Apparently,
most evidence links glycaemic improvement with the reduction of
total carbohydrates (77). The emphasis on patient education regarding
the effects of carbohydrates, proteins, and fats on glycaemia is another
sound argument presented in the standards (9, 78). It seems reasonable
that if carbohydrates (even those from whole-grain products) are the
main macronutrient stimulating blood glucose release, then limiting
their supply will significantly reduce post-meal glucose peaks. Patient
education in this regard is therefore extremely important and probably
still underestimated.

Intermittent fasting can be effective in controlling glycaemic
levels, as they tend to stabilize in periods of food abstinence, free from
glucose spikes that accompany every meal (especially those rich in
carbohydrates). A number of academic publications confirm the
benefits of fasting in this regard. One systematic review with meta-
analysis concluded that IF is effective in patients with disorders of
glucose and lipid metabolism. Based on a number of studies, it was
demonstrated that IF improved several parameters, such as mean
glucose, insulin, glycated haemoglobin (HbAlc), and
HOMA-IR. Remarkably, as noted by the authors themselves, IF did
not involve strict calorie limitations in any of the studies (79).
Improved glycaemic levels are also confirmed by a randomized
controlled trial (RCT) by Jamshed et al. (80). They found that fasting
for most of the day and eating only between 10:00 and 14:00 (early
TRE, eTRF) was more efficient in reducing glucose levels (by an

frontiersin.org


https://doi.org/10.3389/fnut.2025.1629154
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Dynka et al.

average of 4 + 1 mg/dL) and blood sugar spikes (by an average of
12 + 3 mg/dL) per day compared to eating between 8:00 and 20:00
(80). Another RCT compared the effects of intermittent energy
restriction (IER) with continuous energy restriction (CER). One of the
analyzed parameters was HbA1c in patients with type 2 diabetes. The
study found that both groups improved their glycaemic control and
were able to reduce medication dosage in just 12 weeks (81). This
finding is well in line with the results of a meta-analysis of studies
involving type 2 diabetes patients that assessed the safety of
intermittent fasting compared to continuous energy-restricted diets
(CERD). Its authors demonstrated that intermittent fasting is as
effective in glycaemic control and managing fasting insulin values as
continuous calorie restriction. In addition, it is more efficient in terms
of weight loss. The authors of the meta-analysis explicitly concluded
that IF is safe and can be used in patients with type 2 diabetes or
metabolic syndrome (82). This means that if used in combination with
standard recommendations (as they are not contradictory to IF),
fasting may work synergistically, improving glycaemic control in
T2DM patients. It is also worth noting that glycemic variability may
induce a greater degree of apoptosis and a more pronounced decline
in insulin secretory function of pancreatic beta cells compared to
sustained hyperglycemia (83). Intermittent fasting, through its
potential to stabilize blood glucose levels, may help mitigate this effect.
However, it should be emphasized that poorly implemented
intermittent fasting protocols, or the initial phase of adaptation to IF,
may transiently increase glycemic fluctuations before stabilization
occurs. The overall impact of intermittent fasting on aspects such as
glycaemic levels in the diabetic population is discussed in Chapter 5.

4.2 Improved sensitivity to insulin

Since insulin resistance is the underlying cause of type 2 diabetes,
improving tissue insulin sensitivity seems to be essential in obtaining
improvement or even remission. Officially, improving insulin
sensitivity is attempted by means of medication, mainly metformin,
recommended even for prevention, given the increasing insulin
resistance in the pathogenesis of diabetes (73, 84).

Intermittent fasting may offer specific benefits in terms of
sensitizing cells to insulin action. It is known that fasting eliminates
postprandial glucose spikes and, consequently, insulin secretion from
pancreatic f#-cells. The beneficial effect of IF on insulin sensitivity has
been demonstrated in many studies. An early human study took place
in 2005, with a group of eight healthy individuals practicing
intermittent fasting for 20 h every other day for 15 days. The objective
was to test the effect of intermittent fasting on insulin sensitivity (85).
Before and after the intervention, euglycemic hyperinsulinaemic
clamps were performed, and the glucose infusion rate (GIR) and
glucose levels were compared. The study found that the insulin-
mediated glucose uptake increased from 6.3 + 0.6 to 7.3 + 0.3 mg/
min/kg after IE, even though body weight was not significantly
different at the two time points. The authors themselves noted that this
was the first human clinical study to show that IF accelerates insulin-
mediated glucose uptake. A 2022 systematic review of clinical trials
has shown that in patients with metabolic disorders, IF can help
reduce insulin resistance, improve glucose and lipid metabolism, and
reduce body weight, thus being an effective therapeutic option in these
patients (86). Another systematic review of clinical trials showed that
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the inclusion of IF in patients with metabolic syndrome was followed
by reduced insulin resistance, with significant mean level reduction
for insulin (by 13.25 uUI), glucose (by 0.15 mmoL/L), and HOMA-IR
(by 0.31). Body weight loss was also observed. Based on the analyzed
studies, the authors concluded that IF significantly reduces insulin
resistance. They openly suggest that intermittent fasting can
be considered as an adjunctive treatment to prevent the onset and
progression of chronic diseases (79). A 2021 extensive review of the
literature looked at studies analyzing the correlation between IF on the
one hand and insulin resistance and type 2 diabetes on the other. The
review found that most of the available studies demonstrated
IF-mediated reduction in insulin resistance. Interestingly, in some
studies, IF could even eliminate the need for insulin supplementation.
The authors conclude that IF is an effective, non-medical option for
treating type 2 diabetes. They also point out that if the goal of
intermittent fasting is to reduce or even eliminate diabetes medication
(including insulin), then it should only be practiced under the close
supervision of a physician (87). The advice for a physician to monitor
IF in type 2 diabetes and the likely reduction or withdrawal of
medication demonstrates that intermittent fasting can be an extremely
powerful therapeutic tool in this disease. This in itself is yet another
argument showing that the combination of traditional treatment and
recommendations can synergize with properly practiced intermittent
fasting, significantly improving the health and quality of life for people
living with diabetes. Potentially reducing dependency on medication
also reduces the risk of side effects. The effect of IF on insulin levels in
patients with type 2 diabetes is also discussed in Chapter 5. Insulin,
along with HOMA-IR and leptin levels, undergo changes during
intermittent fasting (IF) (88, 89), suggesting that these biomarkers
may play a role in guiding or tailoring IF interventions to individual
patient profiles. While this remains an emerging area of interest, these
biomarkers have the potential to enhance the personalization of IF
therapy, thereby improving both efficacy and safety in patients with
various metabolic disorders.

4.3 Facilitating compliance

Nutritional recommendations are ineffective unless they are
correctly implemented and adhered to. Hence, compliance may
be crucial and instrumental in whether the patient achieves the
desired goal or gives up early. Meanwhile, adherence to dietary
recommendations among people with type 2 diabetes is very low (90).
A study by Baral et al. (91) found that only 15.7% of patients with
T2DM adhered to the recommendations. The authors indicated that
affordability (along with self-monitoring and physical activity) is one
of the key factors affecting dietary compliance in these patients (91).

Intermittent fasting may fit well with the recommendations for
diabetes and make them easier to adhere to. With a view to its
simplicity, the most recent standards explicitly suggest IF as a practical,
useful tool for people with type 2 diabetes (9). This is particularly
relevant in the context of reducing the number of meals per day. Much
evidence suggests that a high number of meals per day is not the best
recommendation, and lowering that number may even reduce the risk
of T2DM (92). The authors of a 2024 systematic review found that two
to three meals per day combined with intermittent fasting (which
means the daily eating window is shorter than 10 h) promotes, among
other things, glycaemic control and weight loss in patients with type
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2 diabetes (93). The authors of another very interesting study
concluded that new approaches, going beyond those used so far,
should be explored to help reduce the excessive burden caused to
healthcare systems by lifestyle diseases. They therefore set out to test
the effectiveness of TRE intermittent fasting on 63 volunteers, who
were asked to reduce their daily eating window to 8 h for 3 months.
TRE was found to be a viable option, acceptable even for people with
a normal working life. In addition, it significantly improves health-
related quality of life (HRQoL) and prevents lifestyle diseases (e.g.,
owing to weight loss) (94). Combining the practicality, efficacy, and
simplicity of intermittent fasting with a standard therapeutic approach
may therefore work synergistically to facilitate compliance and thus
the effectiveness of type 2 diabetes treatment.

4.4 Fasting, self-control, and metabolic
health—a historical and psychosocial
insight

In addition to simplifying meal routines, intermittent fasting may
enhance adherence by improving self-regulation. Ancient texts,
including the Bible, reference fasting not only as an abstention from
food, but as a structured act of restraint and inner regulation (e.g.,
Daniel 1:12-16). This aligns with current scientific observations that
intermittent fasting supports improved adherence (95), enhances
metabolic flexibility (96), and promotes neuroendocrine stability (97).
Studies indicate that intentional dietary restriction activates brain
regions linked to executive function and impulse control (98), while
reducing circulating levels of cortisol and inflammatory markers (99).
The psychosocial aspects of fasting—rooted in discipline, routine, and
delayed gratification—may contribute to better long-term glycaemic
control and reduced emotional eating, which is commonly observed
in patients with type 2 diabetes (100). Moreover, regular engagement
in structured fasting practices is associated with favorable changes in
leptin and adiponectin levels, improved insulin sensitivity, and lower
HOMA-IR scores, independent of caloric intake (101).

4.5 Weight loss

Losing excess body weight is one of the goals that should
be pursued by overweight and obese people with type 2 diabetes. It
offers a number of beneficial outcomes in terms of glycaemic control,
blood pressure, or lipid levels (9).

Intermittent fasting may help in weight loss, if only by facilitating
compliance (see section 4.4 for details) and shortening the daily eating
window. In the aforementioned study by Kesztyiis et al. (94)
participants lost weight despite not having to count calories. This is
extremely important, as a shorter eating window itself promotes the
consumption of smaller quantities of food per day. A 2024 meta-
analysis has shown that in obese individuals over 40 years of age, IF
reduced body weight and fat mass. These effects were not accompanied
by lean tissue loss, which is highly beneficial (102). Studies show that
IF is as effective for weight loss as continuous calorie restriction (103,
104). A systematic review of 27 studies found that IF resulted in weight
loss of between 0.8 and 13% vs. baseline. Among patients with type 2
diabetes, it additionally improved glycaemic control (105). In 2022, the
results of a meta-analysis comparing the effectiveness of IF and
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continuous calorie restriction (CCR) were published. The authors
concluded that, in some respects, IF may even be superior to CCR in
terms of weight loss (106). This indicates that intermittent fasting may
be an effective weight loss strategy and, to some extent, may outperform
standard continuous calorie restriction. In patients with type 2 diabetes,
IF was also associated with greater weight loss than continuous energy-
restricted diets (CERDs) (82). A 2024 systematic review further
demonstrated that IF improved body composition without reducing
physical performance. It may therefore be recommendable even for
athletes wishing to maintain lean body mass while losing body fat
(107). Additionally, intermittent fasting may exert beneficial effects on
obesity by modulating the gut microbiota profile and the production
of gut-derived metabolites, as well as by reducing inflammation and
contributing to glycaemic regulation mechanisms that are increasingly
highlighted in the scientific literature (108). Given the above, the
synergy of IF with standard recommendations may improve weight
loss, which is crucial in patients with type 2 diabetes who often struggle
with overweight or obesity.

4.6 Muscle mass preservation and physical
activity during fasting

A frequent concern regarding IF is the potential loss of lean body
mass. However, current evidence from clinical trials suggests that short-
term fasting, when properly implemented, does not result in significant
muscle loss. On the contrary, fat loss tends to be predominant, while lean
mass is preserved or even improved. A randomized controlled trial
involving 70 days of alternate-day fasting (ADF) showed no measurable
decline in fat-free mass despite substantial fat loss (109). In another RCT
lasting 32 weeks, participants following an intermittent fasting protocol
lost less lean tissue than those on daily caloric restriction, and they
experienced a greater increase in lean mass percentage relative to total
body weight (2.2% vs. 0.5%) (110). These outcomes are likely supported
by hormonal changes that occur during fasting, including increased
secretion of growth hormone, which promotes fat oxidation while
preserving protein structures (111). Unlike continuous caloric restriction,
intermittent fasting does not significantly suppress resting metabolic rate,
further preserving energy balance and metabolic resilience (110).
Incorporating resistance or strength training into fasting protocols
enhances these protective effects on muscle tissue, supports glucose
disposal, and improves insulin sensitivity—all key factors in managing
type 2 diabetes mellitus.

Moreover, physical activity promotes weight loss and enhances
insulin sensitivity, thereby contributing to the reduction of blood glucose
levels (112). Intermittent fasting (IF) has also been associated with
improved glycaemic control and body weight reduction. Therefore,
combining IF with regular physical activity may exert a synergistic effect,
potentially yielding greater metabolic benefits for individuals with type
2 diabetes. This notion is supported by studies demonstrating that the
integration of IF with physical exercise leads to superior outcomes
compared to IF alone, particularly in terms of greater reductions in fat
mass, waist circumference, insulin levels, HOMA-IR (Homeostasis
model assessment of insulin resistance), and LDL cholesterol (113).
Additionally, a recent meta-analysis confirmed that IF, whether
hypocaloric or eucaloric, can be effectively combined with physical
training without compromising most measures of physical fitness, while
significantly enhancing weight loss and obesity-related outcomes (114).
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4.7 Lower risk of complications in type 2
diabetes

One of the main goals in type 2 diabetes management is to
mitigate and prevent its complications, often related to the
cardiovascular system. Increased risk of cardiovascular disease (CVD)
is already present in the pre-diabetic state, and its level closely reflects
the progress of the disease (75, 84, 115). The major cause of morbidity
and mortality in people with diabetes is broadly defined as
atherosclerotic cardiovascular disease (ASCVD) and heart failure. It
is estimated that as much as $39.4 billion is spent annually on
managing diabetes-related cardiovascular conditions (3, 116).

Intermittent fasting may be beneficial in reducing the
cardiovascular complications of diabetes. In 2024, a comprehensive
systematic review found evidence to suggest the benefits of fasting,
including IE, in reducing the population risk of cardiovascular disease.
The authors point to the effects of fasting (including IF) on improving
lipid profile, metabolic syndrome markers and inflammation, lowering
body weight, and reducing insulin resistance, among other things (37).
One study even concluded that IF (in the form of Ramadan) improved
endothelial and non-endothelial dependent vasodilation and lowered
blood pressure (117). Another similar study showed that intermittent
fasting can have a positive effect on vascular endothelial function and
even modulate cardiovascular risk (118). Findings from a more recent
2023 study confirm that 30 days of IF lead to an improvement in
endothelial function, associated with improved flow-mediated
dilatation (FMD). In addition, IF lowered CRP (C-reactive protein)
and cortisol levels (which may contribute to improved FMD) (119).
The authors of another publication from the same year conclude that
intermittent fasting may prevent atherosclerosis and point to its multi-
layered benefits. They indicate that IF reduces resistin, leptin, and other
inflammatory markers (e.g., TNF-a) and increases adiponectin levels.

10.3389/fnut.2025.1629154

The authors explicitly highlight IF as an effective treatment for obesity-
related atherosclerosis and a preventive tool (120). Intermittent fasting
not only has the potential to benefit the cardiovascular system but is
also well tolerated and safe (121). Therefore, when intermittent fasting
is combined with standard recommendations, it may also show synergy
in reducing the risk of T2DM complications.

Synergizing intermittent fasting with traditional type 2 diabetes
treatments is illustrated in Figure 1.

5> Efficacy and safety of intermittent
fasting in treating type 2 diabetes—
study results

Scientific trials focusing on diabetic patients increasingly often
look at intermittent fasting in type 2 diabetes. Their number has
grown to a point where the first meta-analyses and systematic reviews
analyzing the effect of IF in T2DM patients emerge (1, 2, 48, 82, 122).
The relevance of scientific evidence is emphatically confirmed by the
“Standards of Care in Diabetes-2024,” which considers IF a helpful and
safe tool that can be used in both types of diabetes (9). With a vast
body of research already available, recommendations can be based on
good quality evidence, taking into account randomized controlled
trials (RCTs), meta-analyses, and systematic reviews.

5.1 Intermittent fasting and type 2
diabetes—randomized controlled trials
(RCTs)

A number of randomized controlled trials have investigated the
effects of intermittent fasting in patients with T2DM. A study

FIGURE 1
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published in 2023 analyzed whether IF was safe and feasible in
people with type 2 diabetes treated with insulin. The results
demonstrated that IF was not only safe and feasible but also
effective. After 12 weeks, patients on IF significantly reduced their
glycated haemoglobin levels (by —7.3 + 12.0 mmol/mol on average)
compared to the control group (0.1 + 6.1 mmol/mol). In addition,
the authors examined a composite endpoint consisting of three
components: >10% reduction in insulin doses, >2% reduction in
body weight, and >3 mmol/mol reduction in HbAlc. The composite
endpoint was achieved by 40% of patients in the IF group and none
in the control group (7). In the same year, a study on 209 people at
increased risk of type 2 diabetes was published. It has found that
after 6 months, glucose tolerance (based on an analysis of changes
in glucose area under the curve in response to a mixed-meal
tolerance test) improved significantly more in patients on
intermittent fasting combined with early time-restricted eating
(iTRE) than in those on daily calorie restriction (70% of energy
requirements) (mean —10.10 vs. —3.57 mg dl —1 min —1), and
remained comparable at 18-month follow-up. In view of this,
intermittent fasting in the form of iTRE is effective in improving
postprandial glucose metabolism in individuals at risk of developing
type 2 diabetes (123). In a recent randomized controlled trial (RCT)
conducted in 2024, the authors compared the effectiveness of
intermittent fasting in the form of time-restricted eating (TRE) with
individualized dietary guidance (DIET) provided by a dietitian in
patients with type 2 diabetes. The study demonstrated that
participants in the TRE group experienced a mean reduction in
HbAlc of —0.4%, compared to —0.3% in the DIET group. Body
weight decreased by an average of —1.7 kg in the TRE group and
—1.2 kg in the DIET group. Notably, self-reported adherence was
higher among participants assigned to the TRE intervention (124).
In another randomized controlled trial conducted in 2024,
researchers compared the change in body weight and metabolic
outcomes in patients with type 2 diabetes and obesity undergoing
intermittent fasting (IF) in the form of either a 16:8 or 14:10 time-
restricted eating regimen, versus a standard control diet. Body
weight decreased by —4.02% in the IF 16:8 group, —3.15% in the IF
14:10 group, and —0.55% in the control group. Mean fasting glucose
levels declined by —30.91 mg/dL (IF 16:8), —28.06 mg/dL (IF
14:10), and —9.09 mg/dL (control), while mean HbAlc levels
decreased by —0.499, —0.528, and —0.197%, respectively. Both IF
regimens led to significantly greater reductions in fasting glucose
and HbAlc compared to the control group, with no statistically
significant difference observed between the two IF schedules (125).
In a randomized controlled trial from 2022, patients with type 2
diabetes were divided into two groups: TRE (time-restricted eating)
and control. Subjects in the TRE group took their meals within a
10-h daily eating window, while those in the control group had an
eating window of at least 14 h. Despite the small difference between
the two groups, it appears that the TRE group benefited more
compared to the control group in terms of a greater reduction in
mean glucose values, both fasting (7.6 £ 0.4 vs. 8.6 = 0.4 mmoL/L)
and during the day (6.8 £ 0.2 vs. 7.6 £ 0.3 mmoL/L), a greater
reduction in daily glucose oxidation rate (260.2+7.6 vs.
277.8 £10.7 g/day), and even time spent in normoglycemia
(15.1 £ 0.8 vs. 12.2 + 1.1 h per day). The authors conclude that TRE
involving eating window restriction to 10 h per day is effective, safe,
and feasible in the context of improving glucose homeostasis in
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patients with type 2 diabetes (126). The authors of another RCT
have compared a diet mimicking fasting with energy restriction to
500-600 kcal for 2 days per week (and no restrictions on the other
5 days) against daily energy restriction to 1,200-1,500 kcal. The two
diets were tested in patients with type 2 diabetes. Although the first
approach is not pure intermittent fasting, it is very close to it. In
addition, the trial continued for 12 months, which makes it
valuable. Intermittent energy restriction was shown to be as
effective as continuous, with similar results in terms of HbAlc,
body weight, fasting glucose, and lipid profile. The authors conclude
that intermittent energy restriction effectively reduces HbAlc and
is comparable to continuous energy restriction in patients with
T2DM (127). As a next step, the authors published another article
looking at the same patients for 24 months, i.e., 12 months after the
intervention was completed. The results of the former participants
in both groups were again similar (128). Another RCT indicated
that education and reduced medication dosage resulted in fewer
(than expected) hypoglycaemic episodes in patients with type 2
diabetes on energy restriction for 2 days per week. In one group,
energy was restricted on 2 consecutive days and on 2
non-consecutive days in the other. The authors demonstrated that
there was no difference in the incidence of hypoglycaemia between
the two groups. Importantly, improvements in fasting glucose,
HbAlc, body weight, and even quality of life were recorded in both
groups (129). The results of another RCT investigating the effect of
intermittent fasting extended for 7 days (with a daily energy
allowance of 300 kcal) on people with T2DM showed no adverse
effects, and fasting was well tolerated by the patients. The authors
conclude that this type of fasting is feasible and may have clinical
benefits (130). Yet, another RCT confirms that the effects of 2 days
of fasting (with a small amount of calories) per week are similar to
those of continuous energy restriction. It is an effective intervention
that improves a number of parameters, such as glycaemic control,
body weight, and possibly even medication dosage (81).

5.2 Intermittent fasting and type 2
diabetes—meta-analyses and systematic
reviews

The impact of IF on T2DM has attracted the attention of
researchers, resulting in a growing number of published scientific
studies. This, in turn, has brought about more comprehensive
publications in the form of meta-analyses and systematic reviews.

In 2025, a systematic review was published evaluating the effects
of intermittent fasting (IF) and continuous caloric restriction (CCR)
on glycemic control and weight reduction in individuals with type 2
diabetes, based on evidence from randomized controlled trials and
observational studies conducted primarily between 2000 and 2024.
While both dietary strategies demonstrated certain limitations, the
review highlighted several notable short-term benefits of IF, including
significant reductions in HbA1c levels, fasting glucose concentrations,
and body weight—outcomes that are particularly relevant in the
management of type 2 diabetes (131). In support of these findings, a
meta-analysis published in 2025 confirmed the efficacy and
superiority of intermittent fasting (IF) over control conditions not
only in reducing fasting glucose levels, HbA1lc, and body weight, but
also in improving body mass index (BMI), waist circumference,
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systolic and diastolic blood pressure, low-density lipoprotein (LDL)
cholesterol, and total cholesterol. No significant differences were
observed in postprandial glucose, high-density lipoprotein (HDL)
cholesterol, or triglyceride levels. The authors concluded that IF is an
effective strategy for lowering glucose levels in patients with type 2
diabetes, while also being both feasible and safe for clinical
implementation (132). Another meta-analysis, including a total of
1,101 adult participants with type 2 diabetes or prediabetes,
demonstrated that intermittent fasting (IF) led to significant
reductions in body weight (—4.56 kg), body mass index (—1.99 kg/
m?), HbAlc (—0.81%), fasting glucose (—0.36 mmol/L), total
cholesterol (—0.31 mmol/L), and triglycerides (—0.14 mmol/L),
without exerting a significant impact on fat mass, insulin levels, LDL,
HDL, or blood pressure compared to control groups (133). The
authors of a 2023 systematic review demonstrated (based on limited
evidence) that intermittent energy restriction (IER) and periodic
fasting (PF) in patients with T2DM may be beneficial for metabolic
health parameters and anthropometric parameters. It may even lead
to reduced dosage of hypoglycaemic drugs (2). Another publication
evaluated the effect of IF on metabolic homeostasis control. Although
the publication focused on a broader range of metabolic diseases, it
was observed that, specifically in patients with type 2 diabetes, IF was
beneficial in the context of insulin homeostasis, among other things.
The same publication demonstrated a range of benefits of different
types of fasting on metabolic health (39). Another publication, also
covering a broader range of metabolic risk factors, compared IF with
daily caloric restriction (DCR). Based on limited evidence, it showed
that IF may even be more effective than DCR for improving insulin
sensitivity and fat loss. In terms of other chronic disease risk factors
and weight loss, IF was as effective as DCR (41). A number of
subsequent meta-analyses and systematic reviews confirm the
efficacy of intermittent fasting, highlighting its beneficial effects on
metabolic health (also in aspects closely related to type 2 diabetes)
(134-138). Interestingly, since fasting can improve glucometabolic
markers even in healthy individuals (139), it is reasonable to believe
that it is helpful in preventing type 2 diabetes. The authors of a 2022
meta-analysis conclude that both intermittent fasting and the
ketogenic diet (KD) can help treat type 2 diabetes through glycaemic
control and weight loss (140). Another meta-analysis showed no
statistically significant difference between IF-mediated glucose level
reduction and reduction attributable to other forms of intervention
(e.g., continuous energy restriction). However, the study suggests that
IF may be beneficial in long-term glycaemic control or even insulin
sensitization. The authors conclude that intermittent fasting may
be an effective preventive tool against type 2 diabetes in a pre-diabetic
population (1). Interesting results are presented in a 2023 systematic
review with a meta-analysis, which assessed the effect of intermittent
fasting in the form of Ramadan on glycaemic control in patients with
type 2 diabetes. The focus was on two key parameters, i.e., glycated
haemoglobin and fasting glucose, both assessed before and after
Ramadan. It was found that both HbAlc and fasting glucose
decreased significantly after fasting during Ramadan. HbAlc (%) was
reduced significantly, by an average of 0.55, and fasting glucose by an
average of 12.42 mg/dL (48). The authors of another article set out to
compare the safety of intermittent fasting against continuous energy-
restricted diets (CERDs) in people with type 2 diabetes and metabolic
syndrome. They found that both IF and CERD had beneficial effects
on fasting glucose and insulin, HbA1c, and lipid profile. Furthermore,
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IF was demonstrated to be superior even with regard to weight loss.
In view of the evidence reviewed, it was concluded that intermittent
fasting was safe and could be used in patients with type 2 diabetes or
metabolic syndrome (82). Another review covered 68 studies
(including 35 RCTs) and focused on the effect of intermittent fasting
during Ramadan in the context of risks associated with hypoglycaemic
episodes (HEs) in T2DM patients. The authors point out that to
prevent HE, adjusting medication dose is often necessary, along with
monitoring the patient’s condition. Patient education and awareness
are essential as well (141). It is therefore important to realize what a
powerful tool fasting can be, given that many patients with type 2
diabetes need to reduce their medication dosage. Another meta-
analysis demonstrated that intermittent fasting was superior to a
standard diet (control groups) in people with T2DM. IF worked
better in terms of weight loss (and excessive weight often accompanies
type 2 diabetes) and was equally effective for glycaemic control. The
therapeutic potential of IF attributable to weight loss in patients with
type 2 diabetes is highlighted (122). Finally, a 2020 systematic review
focused on the effect of IF on glycaemic control and body
composition in patients with T2DM and obesity. Intermittent fasting
was shown to be feasible and effective in improving glycaemia and
body composition within 12-24 weeks (142).

The evidence discussed above demonstrates the benefits of
intermittent fasting in type 2 diabetes, which sometimes are in fact
superior (and rarely inferior) to those of continuous energy restriction.

6 Novel technologies for safe and
effective intermittent fasting

Novel technologies can make intermittent fasting simpler, safer,
and more effective for people with type 2 diabetes. They primarily
include glucose monitoring devices and mobile apps that help patients
adhere to intermittent fasting.

6.1 Glucose monitoring devices

Glucose monitoring during intermittent fasting seems
particularly important for people with type 2 diabetes. Indeed, in
individuals with disturbed carbohydrate metabolism who frequently
take hypoglycaemic drugs, prolonged abstinence from food can
lead to episodes of hypoglycaemia (129, 141). Continuous glycaemic
monitoring seems very helpful in keeping track of the body’s
response to IF and thus avoiding hypoglycaemia. Continuous
Glucose Monitoring (CGM) technologies allow glucose levels to
be monitored in real time, day and night. CGM devices consist of a
glucose sensor inserted in the skin (secured with an adhesive patch)
and a transmitter that sends blood glucose information to a device,
which can be an ordinary smartphone (143). By enabling better
glycaemic control, the technology is particularly recommended for
people suffering from hypoglycaemic episodes, hyperglycaemia,
and other glucose disorders. The benefits of CGM are well
supported by published evidence. Therefore, the technology is
recommended by national and international medical organizations
and expert consensus in type 2 diabetes, type 1 diabetes, and
women with gestational diabetes. CGM literacy is even suggested
to be important in the context of medical examination of patients
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applying for disability allowance due to diabetes (144-146). CGM
appears to be helpful for people with type 2 diabetes during
intermittent fasting.

6.2 Mobile apps

A large number of mobile apps monitor health status and help
users make better dietary and lifestyle choices. In addition, rapid
progress in the development of artificial intelligence means that new
mobile app functionalities can assist patients even further. Scientific
findings from studies linking mobile apps and intermittent fasting are
already available. A study by Valinskas et al. (147) investigated the
effectiveness of IF recommendations delivered via a mobile app in the
context of weight loss and user engagement. The authors found that
active app users lost significantly more weight (which also translated
into BMI) compared to inactive users. The number of days of activity
and total duration of app usage were shown to be the most important
weight loss predictors (147). Another study also concluded that
app-assisted intermittent fasting was a promising strategy for weight
loss in overweight and obese individuals. Interestingly, greater weight
loss is correlated with greater fasting frequency, alongside initial BMI
and the number of hours of fasting per day. The authors point out
certain factors, such as diet, physical activity, stress, and smoking,
that can be successfully tracked using mobile apps (148), thus

10.3389/fnut.2025.1629154

allowing the user to monitor their progress and helping them reach
their goals.

It is also known that such apps can be effective in patient education
on any given topic, including intermittent fasting. The promotion of
health education itself using different platforms, including smartphone
apps, has also been suggested in the literature (149), even among
medical professionals (150). Apps can provide users with information
on healthy lifestyles, proper nutrition, and the benefits of regular
intermittent fasting.

In addition, the rapidly advancing predictive modeling, if
introduced into mobile apps, could predict the body’s response to a
given agent based on the patient’s historical data and current health
status (and other factors) (151, 152). Similarly, it would be possible to
develop an app that predicts (based on the history of a patient with
type 2 diabetes) the body’s potential response to intermittent fasting.
In this way, early prevention of hypoglycaemic episodes would
be possible. Novel technologies for safe and effective intermittent
fasting are illustrated in Figure 2.

7 Intermittent fasting is not for
everyone

Intermittent fasting (IF) may offer promising health benefits in
various populations; however, it is not universally appropriate and
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should be considered with caution in certain clinical contexts. For
example, IF is generally not reccommended for individuals with eating
disorders, who often exhibit significant disruptions in eating
behaviors and require individualized, structured therapeutic
approaches. In such cases, implementing IF may exacerbate
underlying psychopathology or perpetuate maladaptive food-related
patterns (153, 154). Similarly, in pregnant women, certain forms or
patterns of IF have been associated with adverse maternal and
offspring health outcomes, including fatigue, dehydration, and
potential impacts on fetal development (155, 156). While some
studies suggest potential benefits of controlled IF during pregnancy
(156), the risk-benefit ratio should be carefully evaluated, and if IF is
implemented, it should be under close professional supervision. The
postoperative recovery period also appears suboptimal for initiating
IF protocols. During this time, patients often require tailored
nutritional support to facilitate healing and maintain hydration and
energy balance; the physiological stress of recovery may render
fasting counterproductive (157). Caution is also warranted when
considering IF in elderly individuals, particularly those at risk of
unintended weight loss or malnutrition. Similarly, patients who are
underweight, those prone to compensatory overeating (e.g., food
reward after fasting), or individuals on certain pharmacologic agents
may face increased risks when engaging in fasting regimens (158).
Moreover, IF is contraindicated in patients with specific rare
metabolic or genetic disorders, such as pyruvate carboxylase
deficiency (PCD) (159), primary carnitine deficiency (PCD) (160),
carnitine-acylcarnitine translocase (CACT) deficiency (161),
3-hydroxyacyl-CoA dehydrogenase deficiencies, including both
medium-chain (MCHAD) and long-chain (LCHAD) forms (162,
163), medium-chain acyl-CoA dehydrogenase deficiency (MCADD)
(164), very-long-chain acyl-CoA dehydrogenase deficiency
(VLCADD) (165), and porphyria (166). In light of these
considerations, a personalized risk assessment is essential before
initiating IF, especially in vulnerable populations or those with
complex medical conditions.

8 Limitations

The studies discussed have certain limitations. One of these is the
variability in study duration, with some studies being short-term and
others long-term. Another limitation is the diversity of populations,
as the studies do not focus on a single, specific population but rather
exhibit a broad range of demographic characteristics. Additionally,
although most studies demonstrate a certain degree of consistency, it
cannot be claimed that all of them are entirely consistent. Some studies
do not show significant benefits of intermittent fasting (IF) for patients
with type 2 diabetes. However, it should be clearly noted that this is
most likely due to the diversity of methodologies used across the
studies, as well as the type and duration of intermittent fasting, the
total daily caloric intake, and the specific populations in which it
was applied.

Furthermore, this study does not focus on the use of intermittent
fasting (IF) in younger populations. There is limited evidence
regarding the application of IF in children and adolescents, primarily
due to the relatively low, albeit increasing, prevalence of type 2
diabetes mellitus (T2DM) in this group. The feasibility, acceptability,
and safety of IF in children and adolescents require further
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investigation, as their nutritional, growth, and safety needs differ from
those of adults.

9 Final remarks

Based on the above, it is certainly reasonable to conclude that
intermittent fasting can be an effective and safe tool in the treatment
of type 2 diabetes. It appears that IF is an interesting (and synergistic)
addition to the standard T2DM recommendations, thus improving
the patients” health. This is owed to its intrinsic properties, particularly
desirable in conditions affecting patients with T2DM. First and
foremost, IF is effective in improving glycaemic control. It is obvious
that a period of fasting, with no energy supply from food and drink,
is equivalent to the absence of glucose and insulin spikes during this
time. If intermittent fasting continues for 16 h per day, then the
potential exposure to glucose and insulin spikes is only during the
remaining 8 h (the daily eating window), and is therefore limited to
only ¥ of the day. The effectiveness of IF in stabilizing glycaemia has
been confirmed by the studies discussed in Section 4.1. Another
advantage is the improvement of the body’s insulin sensitivity, thus
reducing insulin resistance, the key underlying cause of type 2
diabetes. In this regard, intermittent fasting is helpful in a number of
ways described in detail in Chapter 4.2. IF is also undoubtedly useful
in facilitating compliance. Eating meals over an 8-h window is often
less problematic than eating five to six meals from morning to evening.
This applies to the time spent on cooking and consumption on the one
hand, and the challenge of keeping an eye on the appropriate intervals
between the meals on the other. In addition, if the eating window is
longer, meals must often be eaten in an unfavorable setting (e.g., at
work). Thus, IF can be very helpful, allowing patients to focus on the
quality rather than the quantity of their meals. Another aspect
associated with IF is weight loss, which in some ways is also linked to
the other beneficial properties of fasting in diabetes. This can
be described as a cause-and-effect sequence that exists in addition to
the effect of the individual factors separately. Namely, intermittent
fasting promotes lower energy intake (in a shorter daily eating
window, the risk of overeating is lower); this results in weight loss,
which in its turn improves glycaemic and insulin parameters (which
are inter-related); together with the weight loss itself, this helps
manage inflammation (reduction in pro-inflammatory cytokines),
improves the lipid profile and the endothelial function, and indirectly
reduces the risk of complications (including the particularly common
cardiovascular incidents) in patients with type 2 diabetes. All of these
factors can interact and should be analyzed in the context of their
synergistic effect.

Importantly, the results of studies looking at the impact of IF on
patients with type 2 diabetes are clearly promising. Nevertheless,
potential risks, mainly caused by possible hypoglycaemic episodes,
should be borne in mind as well. Intermittent fasting is such a powerful
tool in terms of lowering glycaemia that, in some patients, the dose of
hypoglycaemic drugs needs to be adjusted (often significantly reduced).
This issue must not be overlooked, as the authors of the studies cited in
this review point out. It is important to emphasize that not all patients
with type 2 diabetes mellitus are obese, and the response to intermittent
fasting may differ between lean and obese individuals. This distinction
could play a significant role when designing future studies or clinical
recommendations. Age-related differences in the outcomes and risks
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associated with IF should also be considered. The effectiveness and
safety of IF may vary between younger and older populations, with
further research needed to address these age-specific differences.

Although intermittent fasting dates back to antiquity, novel
technologies can further improve its use. Continuous glucose monitoring
(CGM) devices can help keep track of the body’s response to fasting,
which is particularly important with regard to potential hypoglycaemia,
as it enables early intervention. In turn, mobile apps are useful for
preparing a fasting routine, counting fasting hours, recording patient
data, or providing patient education on intermittent fasting.

10 Conclusion

If properly adhered to, intermittent fasting can be an effective and
safe tool in the treatment of type 2 diabetes. It can work synergistically
with official recommendations for T2DM patients, thus increasing
their effectiveness and improving the management of the disease.
Mobile apps and CGM (Continuous Glucose Monitoring) devices may
be helpful in practicing IE. Vigilance on possible hypoglycaemic
episodes, especially in patients taking hypoglycaemic drugs, is
important. More emphasis on further research in this area is clearly
necessary, as all indications are that IF in T2DM is a promising direction.

Author contributions

DD: Conceptualization, Visualization, Writing — original draft,
Writing - review & editing. ER: Conceptualization, Funding
acquisition, Supervision, Visualization, Writing — review & editing.
MR: Conceptualization, Funding acquisition, Visualization, Writing —
review & editing. DL: Supervision, Writing — review & editing. AD:
Writing — review & editing. ZG: Writing - review & editing. SK:
Writing - review & editing. KaB: Writing — review & editing. PM:
Writing - review & editing. AMD: Writing - review & editing. KeB:

References

1. Sharma SK, Mudgal SK, Kalra S, Gaur R, Thakur K, Agarwal R. Effect of
intermittent fasting on glycaemic control in patients with type 2 diabetes mellitus: a
systematic review and meta-analysis of randomized controlled trials. touchREV
Endocrinol. (2023) 19:25-32. doi: 10.17925/EE.2023.19.1.25

2. van den Burg EL, van Peet PG, Schoonakker MP, van de Haar DE, Numans ME,
Pijl H. Metabolic impact of intermittent energy restriction and periodic fasting in
patients with type 2 diabetes: a systematic review. Nutr Rev. (2023) 81:1329-50. doi:
10.1093/nutrit/nuad015

3. Parker ED, Lin J, Mahoney T, Ume N, Yang G, Gabbay RA, et al. Economic costs of
diabetes in the U.S. in 2022. Diabetes Care. (2024) 47:26-43. doi: 10.2337/dci23-0085

4. World Health Organization. Diabetes [Internet].: World Health Organization.
(2024). Available from: https://www.who.int/news-room/fact-sheets/detail/diabetes.

5. Lancet. Diabetes: a defining disease of the 21st century. Lancet. (2023) 401:2087.
doi: 10.1016/S0140-6736(23)01296-5

6. LiuJ, Liu M, Chai Z, Li C, Wang Y, Shen M, et al. Projected rapid growth in diabetes
disease burden and economic burden in China: a spatio-temporal study from 2020 to
2030. Lancet Reg Health West Pac. (2023) 33:100700. doi: 10.1016/j.lanwpc.2023.100700

7. Obermayer A, Tripolt NJ, Pferschy PN, Kojzar H, Aziz F, Miiller A, et al. Efficacy
and safety of intermittent fasting in people with insulin-treated type 2 diabetes
(INTERFAST-2)-a randomized controlled trial. Diabetes Care. (2023) 46:463-8. doi:
10.2337/dc22-1622

8. Saeed M, Ali M, Zehra T, Haider Zaidi SA, Tariq R. Intermittent fasting: a user-
friendly method for type 2 diabetes mellitus. Cureus. (2021) 13:e19348. doi:
10.7759/cureus.19348

Frontiers in Nutrition

12

10.3389/fnut.2025.1629154

Writing - review & editing. DU: Supervision, Writing — review &
editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. The publication was
financed by Rodzen Brothers Foundation, Poland.

Conflict of interest

LR and MR are co-founders of the Braci Rodzen Foundation
(Rodzen Brothers Foundation), a registered non-profit organization
in Poland. KB is the founder and owner of Karolina Barton
Food Coach.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

9. American Diabetes Association Professional Practice Committee. Facilitating
positive health behaviors and well-being to improve health outcomes: standards of Care
in Diabetes-2024. Diabetes Care. (2024) 47:577-S110. doi: 10.2337/dc24-S005

10. Varady KA, Cienfuegos S, Ezpeleta M, Gabel K. Clinical application of intermittent
fasting for weight loss: progress and future directions. Nat Rev Endocrinol. (2022)
18:309-21. doi: 10.1038/s41574-022-00638-x

11. Overland ], Toth K, Gibson AA, Sainsbury A, Franklin ], Gauld A, et al. The safety
and efficacy of weight loss via intermittent fasting or standard daily energy restriction
in adults with type 1 diabetes and overweight or obesity: a pilot study. Obes Med. (2018)
12:13-7. doi: 10.1016/j.0bmed.2018.11.001

12. Henry CJ, Kaur B, Quek RYC. Chrononutrition in the management of diabetes.
Nutr Diabetes. (2020) 10:6. doi: 10.1038/s41387-020-0109-6

13. Wang L, Ma Q, Fang B, Su Y, Lu W, Liu M, et al. Shift work is associated with an
increased risk of type 2 diabetes and elevated RBP4 level: cross sectional analysis from the
OHSPIW  cohort study. BMC  Public Health. (2023) 23:1139. doi:
10.1186/512889-023-16091-y

14. Longo VD, Mattson MP. Fasting: molecular mechanisms and clinical applications.
Cell Metab. (2014) 19:181-92. doi: 10.1016/j.cmet.2013.12.008

15. Sanvictores T, Casale J, Huecker MR. Physiology, fasting. Treasure Island, FL: Stat
Pearls Publishing (2023).

16. Stewart WK, Fleming LW. Features of a successful therapeutic fast of 382 days’
duration. Postgrad Med J. (1973) 49:203-9. doi: 10.1136/pgm;.49.569.203

17. Visioli E Mucignat-Caretta C, Anile F, Panaite SA. Traditional and medical
applications of fasting. Nutrients. (2022) 14:433. doi: 10.3390/nu14030433

frontiersin.org


https://doi.org/10.3389/fnut.2025.1629154
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.17925/EE.2023.19.1.25
https://doi.org/10.1093/nutrit/nuad015
https://doi.org/10.2337/dci23-0085
https://www.who.int/news-room/fact-sheets/detail/diabetes
https://doi.org/10.1016/S0140-6736(23)01296-5
https://doi.org/10.1016/j.lanwpc.2023.100700
https://doi.org/10.2337/dc22-1622
https://doi.org/10.7759/cureus.19348
https://doi.org/10.2337/dc24-S005
https://doi.org/10.1038/s41574-022-00638-x
https://doi.org/10.1016/j.obmed.2018.11.001
https://doi.org/10.1038/s41387-020-0109-6
https://doi.org/10.1186/s12889-023-16091-y
https://doi.org/10.1016/j.cmet.2013.12.008
https://doi.org/10.1136/pgmj.49.569.203
https://doi.org/10.3390/nu14030433

Dynka et al.

18. Belinchén-de Miguel B, Navarro-Jiménez E, Laborde-Cardenas CC, Clemente-Sudrez V.
Evolutionary echoes: a four-day fasting and low-caloric intake study on autonomic modulation
and physiological adaptations in humans. Life. (2024) 14:456. doi: 10.3390/life14040456

19. Pietzner M, Uluvar B, Kolnes KJ, Jeppesen PB, Frivold SV, Skattebo O, et al.
Systemic proteome adaptions to 7-day complete caloric restriction in humans. Nat
Metab. (2024) 6:764-77. doi: 10.1038/s42255-024-01008-9

20. Kersten S. The impact of fasting on adipose tissue metabolism. Biochim Biophys
Acta Mol Cell Biol Lipids. (2023) 1868:159262. doi: 10.1016/j.bbalip.2022.159262

21. Cule J. The falling sickness: a history of epilepsy from the Greeks to the beginnings
of modern neurology, Owsei Temkin, rev., Baltimore and London, Johns Hopkins press,
1971, pp. xv, 467, illus., £7.15. Med Hist. (1973) 17:214-5. doi: 10.1017/S0025727300018640

22.Hart BL, Hart LA. Sickness behavior in animals: implications for health and
wellness. In: Choe JC, editor. Encyclopedia of animal behavior. Elsevier. (2019)
p. 171-175. doi: 10.1016/B978-0-12-809633-8.20750-4

23. Tiwaskar M. Perception, approach and management of loss of appetite: a cross-
sectional, questionnaire based physician survey. J Assoc Physicians India. (2020)
68:55-60.

24. Vasim I, Majeed CN, DeBoer MD. Intermittent fasting and metabolic health.
Nutrients. (2022) 14:631. doi: 10.3390/nu14030631

25. Kerndt PR, Naughton JL, Driscoll CE, Loxterkamp DA. Fasting: the history,
pathophysiology and complications. West ] Med. (1982) 137:379-99.

26. Tuke JB. Hippocrates In: H Chisholm, editor. Encyclopaedia Britannica. 11th ed.
Cambridge: Cambridge University Press (1911). 517-9.

27. Sanchetee P, Sanchetee P. Scientific view on fasting In: SC Prajna, N Bhandari and
NL Kachhar, editors. Jain philosophy: A scientific approach to reality. Ladnun: BMIRC,
JVBI (2018). 341-61.

28. Arun DA, Verma NS. IDF21-0657 study to evaluate the effect of Navratri diet on
glycemic control using FGMS. Diabetes Res Clin Pract. (2022) 186:109590. doi:
10.1016/j.diabres.2022.109590

29. Temkin O. The falling sickness: A history of epilepsy from the Greeks to the
beginnings of modern neurology. Baltimore, MD: Johns Hopkins University
Press (1994).

30. Wheless JW. History of the ketogenic diet. Epilepsia. (2008) 49:3-5. doi:
10.1111/j.1528-1167.2008.01821.x

31. Leonard T. The physiology of ketosisand the ketogenic diet. South Afr ] Anaesth
Analg. (2020) 26:594-7. doi: 10.36303/SAJAA.2020.26.6.53.2547

32. Livingston S Comprehensive Management of Epilepsy in infancy, childhood, and
adolescence Charles C Thomas Springfield, IL (1972) 378-405

33. Huisjen D. Today’s parallel bible Zondervan Corp Grand Rapids, MI, USA (2000)
2306-2308

34. BibleGateway. Matthew 17:14-21, Mark 9:14-29, Luke 9:37-43, Luke 17:6
(Expanded  Bible).  (2025). Available at:  https://www.biblegateway.com/
passage/?search=Matthew%2017%3A14-21%2CMark%209%3A14-29%2CLuke%20
9%3A37-43%2CLuke%2017%3A6&version=EXB

35. Dynka D, Kowalcze K, Paziewska A. The role of ketogenic diet in the treatment of
neurological diseases. Nutrients. (2022) 14:5003. doi: 10.3390/nu14235003

36. Wilder RM. The effects of ketonemia on the course of epilepsy. Mayo Clin Bull.
(1921) 2:307

37. Hailu KT, Salib K, Savithri Nandeesha S, Kasagga A, Hawrami C, Ricci E, et al. The
effect of fasting on cardiovascular diseases: a systematic review. Cureus. (2024)
16:¢53221. doi: 10.7759/cureus.53221

38. Aragon AA, Schoenfeld BJ. Does timing matter? A narrative review of intermittent
fasting variants and their effects on bodyweight and body composition. Nutrients. (2022)
14:5022. doi: 10.3390/nu14235022

39. Silva Al Direito M, Pinto-Ribeiro E, Ludovico P, Sampaio-Marques B. Effects of
intermittent fasting on regulation of metabolic homeostasis: a systematic review and
Meta-analysis in health and metabolic-related disorders. J Clin Med. (2023) 12:3699. doi:
10.3390/jcm12113699

40. Patterson RE, Sears DD. Metabolic effects of intermittent fasting. Annu Rev Nutr.
(2017) 37:371-93. doi: 10.1146/annurev-nutr-071816-064634

41. Ezzati A, Rosenkranz SK, Phelan J, Logan C. The effects of isocaloric intermittent
fasting vs daily caloric restriction on weight loss and metabolic risk factors for
noncommunicable chronic diseases: a systematic review of randomized controlled or
comparative trials. ] Acad Nutr Diet. (2023) 123:318-29. doi: 10.1016/j.jand.2022.09.013

42.Zeng L, Li HR, Liu MW, Rao WM, He QQ. Effects of intermittent fasting on
cardiometabolic risk factors in patients with metabolic syndrome: a systematic review
and meta-analysis of randomized controlled trials. Asia Pac ] Clin Nutr. (2022)
31:642-59. doi: 10.6133/apjcn.202212_31(4).0008

43. Fernandez-Rodriguez R, Martinez-Vizcaino V, Mesas AE, Notario-Pacheco B,
Medrano M, Heilbronn LK. Does intermittent fasting impact mental disorders? A
systematic review with meta-analysis. Crit Rev Food Sci Nutr. (2023) 63:11169-84. doi:
10.1080/10408398.2022.2088687

Frontiers in Nutrition

10.3389/fnut.2025.1629154

44. Paukkonen I, Torronen EN, Lok J, Schwab U, El-Nezami H. The impact of
intermittent fasting on gut microbiota: a systematic review of human studies. Front Nutr.
(2024) 11:1342787. doi: 10.3389/fnut.2024.1342787

45. Lin X, Wang S, Gao Y. The effects of intermittent fasting for patients with multiple
sclerosis (MS): a systematic review. Front Nutr. (2024) 10:1328426. doi:
10.3389/fnut.2023.1328426

46. Castillo ME, Salgado-Canales D, Arrese M, Barrera F, Mikhailidis DP. Effect of
intermittent fasting on lipid profile, anthropometric and hepatic markers in non-
alcoholic fatty liver disease (NAFLD): a systematic review. Curr Vasc Pharmacol. (2024)
22:187-202. doi: 10.2174/0115701611285401240110074530

47. Correia JM, Santos I, Pezarat-Correia P, Silva AM, Mendonca GV. Effects of
Ramadan and non-ramadan intermittent fasting on body composition: a systematic
review and Meta-analysis. Front Nutr. (2021) 7:625240. doi: 10.3389/fnut.2020.625240

48. Elmajnoun HK, Faris ME, Abdelrahim DN, Haris PI, Abu-Median AB. Effects of
Ramadan fasting on glycaemic control among patients with type 2 diabetes: systematic
review and meta-analysis of observational studies. Diabetes Ther. (2023) 14:479-96. doi:
10.1007/s13300-022-01363-4

49. Dulloo AG. Physiology of weight regain: lessons from the classic Minnesota
starvation experiment on human body composition regulation. Obes Rev. (2021)
22:e13189. doi: 10.1111/0br.13189

50. Available online at: https://www.niddk.nih.gov/health-information/diabetes/
overview/what-is-diabetes/prediabetes-insulin-resistance (accesssd March 30, 2024).

51. Schmiedt RA, Tiuca RA, Tilinca RM, Custura LM, Detesan O, Bacso BI, et al. Insulin
resistance as risk factor for the development of type 2 diabetes mellitus: a systematic
approach. Acta Marisiensis - Seria Medica. (2021) 67:187-92. doi: 10.2478/amma-2021-0033

52. Fazio S, Mercurio V, Tibullo L, Fazio V, Affuso E. Insulin resistance/hyperinsulinemia:
an important cardiovascular risk factor that has long been underestimated. Front
Cardiovasc Med. (2024) 11:1380506. doi: 10.3389/fcvm.2024.1380506

53. Zeng P, Cai X, Yu X, Gong L. Markers of insulin resistance associated with non-
alcoholic fatty liver disease in non-diabetic population. Sci Rep. (2023) 13:20470. doi:
10.1038/541598-023-47269-4

54, Szablewski L. Insulin resistance: the increased risk of cancers. Curr Oncol. (2024)
31:998-1027. doi: 10.3390/curroncol31020075

55. Parcha V, Heindl B, Kalra R, Li P, Gower B, Arora G, et al. Insulin resistance and
cardiometabolic risk profile among nondiabetic American Young adults: insights from
NHANES. ] Clin Endocrinol Metab. (2022) 107:e25-37. doi: 10.1210/clinem/dgab645

56. Centers for Disease Control and Prevention. Insulin Resistance and Type 2
Diabetes. Atlanta (GA): Centers for Disease Control and Prevention. (2025). Available at:
https://www.cdc.gov/diabetes/about/insulin-resistance-type-2-diabetes.html

57. American Diabetes Association. In: Understanding Insulin Resistance. Arlington
(VA): American Diabetes Association. (2025). Available at: https://diabetes.org/health-
wellness/insulin-resistance

58. Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A, Siddiqi H, Uribe KB,
et al. Pathophysiology of type 2 diabetes mellitus. Int ] Mol Sci. (2020) 21:6275. doi:
10.3390/ijms21176275

59. Centers for Disease Control and Prevention. National Diabetes Statistics Report.
Atlanta (GA): Centers for Disease Control and Prevention. (2025). Available at: https://
www.cdc.gov/diabetes/php/data-research/index.html

60. Freeman AM, Acevedo LA, Pennings N. Insulin Resistance. Treasure Island, FL:
StatPearls Publishing (2023).

61. Swiderska E, Strycharz ], Wroblewski A, Szemraj J, Drzewoski J, Sliwiriska A. Role
of PI3K/AKT pathway in insulin-mediated glucose uptake. London: IntechOpen (2020).

62. Li YZ, Di Cristofano A, Woo M. Metabolic role of PTEN in insulin signaling and
resistance. Cold Spring Harb Perspect Med. (2020) 10:a036137. doi: 10.1101/cshperspect.a036137

63. Lee SH, Park SY, Choi CS. Insulin resistance: from mechanisms to therapeutic
strategies. Diabetes Metab ]. (2022) 46:15-37. doi: 10.4093/dm;.2021.0280

64. Chandrasekaran P, Weiskirchen R. Cellular and molecular mechanisms of insulin
resistance. Curr Tissue Microenviron Rep. (2024) 5:79-90. doi: 10.1007/s43152-024-00056-3

65. American Diabetes Association Professional Practice Committee. Diagnosis and
classification of diabetes: standards of Care in Diabetes—2024. Diabetes Care. (2024)
47:520-42. doi: 10.2337/dc24-S002

66. Polidori N, Mainieri F, Chiarelli E, Mohn A, Giannini C. Early insulin resistance,
type 2 diabetes, and treatment options in childhood. Horm Res Paediatr. (2022)
95:149-66. doi: 10.1159/000521515

67. Ozougwu JC, Obimba KC, Belonwu CD, Unakalamba CB. The pathogenesis
andpathophysiology of type 1 and type 2 diabetes mellitus. ] Physiol Pathophysiolgy.
(2013) 4:46-57. doi: 10.5897/JPAP2013.0001

68. Pearson-Stuttard J, Bennett ], Cheng Y], Vamos EP, Cross AJ, Ezzati M, et al.
Trends in predominant causes of death in individuals with and without diabetes in
England from 2001 to 2018: an epidemiological analysis of linked primary care records.
Lancet Diabetes Endocrinol. (2021) 9:165-73. doi: 10.1016/52213-8587(20)30431-9

69. GBD 2021 Diabetes Collaborators. Global, regional, and national burden of diabetes
from 1990 to 2021, with projections of prevalence to 2050: a systematic analysis for the global
burden of disease study 2021. Lancet. (2023) 402:203-34. doi: 10.1016/S0140-6736(23)01301-6

frontiersin.org


https://doi.org/10.3389/fnut.2025.1629154
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3390/life14040456
https://doi.org/10.1038/s42255-024-01008-9
https://doi.org/10.1016/j.bbalip.2022.159262
https://doi.org/10.1017/S0025727300018640
https://doi.org/10.1016/B978-0-12-809633-8.20750-4
https://doi.org/10.3390/nu14030631
https://doi.org/10.1016/j.diabres.2022.109590
https://doi.org/10.1111/j.1528-1167.2008.01821.x
https://doi.org/10.36303/SAJAA.2020.26.6.S3.2547
https://www.biblegateway.com/passage/?search=Matthew%2017%3A14-21%2CMark%209%3A14-29%2CLuke%209%3A37-43%2CLuke%2017%3A6&version=EXB
https://www.biblegateway.com/passage/?search=Matthew%2017%3A14-21%2CMark%209%3A14-29%2CLuke%209%3A37-43%2CLuke%2017%3A6&version=EXB
https://www.biblegateway.com/passage/?search=Matthew%2017%3A14-21%2CMark%209%3A14-29%2CLuke%209%3A37-43%2CLuke%2017%3A6&version=EXB
https://doi.org/10.3390/nu14235003
https://doi.org/10.7759/cureus.53221
https://doi.org/10.3390/nu14235022
https://doi.org/10.3390/jcm12113699
https://doi.org/10.1146/annurev-nutr-071816-064634
https://doi.org/10.1016/j.jand.2022.09.013
https://doi.org/10.6133/apjcn.202212_31(4).0008
https://doi.org/10.1080/10408398.2022.2088687
https://doi.org/10.3389/fnut.2024.1342787
https://doi.org/10.3389/fnut.2023.1328426
https://doi.org/10.2174/0115701611285401240110074530
https://doi.org/10.3389/fnut.2020.625240
https://doi.org/10.1007/s13300-022-01363-4
https://doi.org/10.1111/obr.13189
https://www.niddk.nih.gov/health-information/diabetes/overview/what-is-diabetes/prediabetes-insulin-resistance
https://www.niddk.nih.gov/health-information/diabetes/overview/what-is-diabetes/prediabetes-insulin-resistance
https://doi.org/10.2478/amma-2021-0033
https://doi.org/10.3389/fcvm.2024.1380506
https://doi.org/10.1038/s41598-023-47269-4
https://doi.org/10.3390/curroncol31020075
https://doi.org/10.1210/clinem/dgab645
https://www.cdc.gov/diabetes/about/insulin-resistance-type-2-diabetes.html
https://diabetes.org/health-wellness/insulin-resistance
https://diabetes.org/health-wellness/insulin-resistance
https://doi.org/10.3390/ijms21176275
https://www.cdc.gov/diabetes/php/data-research/index.html
https://www.cdc.gov/diabetes/php/data-research/index.html
https://doi.org/10.1101/cshperspect.a036137
https://doi.org/10.4093/dmj.2021.0280
https://doi.org/10.1007/s43152-024-00056-3
https://doi.org/10.2337/dc24-S002
https://doi.org/10.1159/000521515
https://doi.org/10.5897/JPAP2013.0001
https://doi.org/10.1016/S2213-8587(20)30431-9
https://doi.org/10.1016/S0140-6736(23)01301-6

Dynka et al.

70. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al. Global
and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045:
results from the international diabetes federation diabetes atlas, 9th edition. Diabetes
Res Clin Pract. (2019) 157:107843. doi: 10.1016/j.diabres.2019.107843

71. Available online at: https://idf.org/europe/ (accessed April 12, 2024).

72. Available online at: https://www.nfz.gov.pl/aktualnosci/aktualnosci-oddzialow/
profilaktyka-cukrzycy-typu-2-sroda-z-profilaktyka-w-ow-nfz,634.html (accessed April
23,2024).

73.Riddle MC, Cefalu WT, Evans PH, Gerstein HC, Nauck MA, Oh WK, et al.
Consensus report: definition and interpretation of remission in type 2 diabetes. Diabetes
Care. (2021) 44:2438-44. doi: 10.2337/dci21-0034

74. Unwin D, Delon C, Unwin J, Tobin S, Taylor R. What predicts drug-free type 2
diabetes remission? Insights from an 8-year general practice service evaluation of a
lower carbohydrate diet with weight loss. BMJ Nutr Prev Health. (2023) 6:46-55. doi:
10.1136/bmjnph-2022-000544

75. Available online at: https://www.uptodate.com/contents/type-2-diabetes-treatment-
beyond-the-basics/print (accessed April 13, 2024).

76. American Diabetes Association Professional Practice Committee. Glycemic goals
and hypoglycemia: standards of care in diabetes—2024. Diabetes Care. (2024)
47:S111-25. doi: 10.2337/dc24-S006

77.Jayedi A, Zeraattalab-Motlagh S, Jabbarzadeh B, Hosseini Y, Jibril AT, Shahinfar
H, et al. Dose-dependent effect of carbohydrate restriction for type 2 diabetes
management: a systematic review and dose-response meta-analysis of randomized
controlled trials. Am J Clin Nutr. (2022) 116:40-56. doi: 10.1093/ajcn/nqac066

78. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al.
Facilitating positive health behaviors and well-being to improve health outcomes: standards
of Care in Diabetes-2023. Diabetes Care. (2023) 46:568-96. doi: 10.2337/dc23-S005

79. Yuan X, Wang J, Yang S, Gao M, Cao L, Li X, et al. Effect of intermittent fasting
diet on glucose and lipid metabolism and insulin resistance in patients with impaired
glucose and lipid metabolism: a systematic review and Meta-analysis. Int ] Endocrinol.
(2022) 2022:6999907. doi: 10.1155/2022/6999907

80. Jamshed H, Beyl RA, Della Manna DL, Yang ES, Ravussin E, Peterson CM. Early
time-restricted feeding improves 24-hour glucose levels and affects markers of the
circadian clock, aging, and autophagy in humans. Nutrients. (2019) 11:1234. doi:
10.3390/nu11061234

81. Carter S, Clifton PM, Keogh JB. The effects of intermittent compared to continuous
energy restriction on glycaemic control in type 2 diabetes; a pragmatic pilot trial.
Diabetes Res Clin Pract. (2016) 122:106-12. doi: 10.1016/j.diabres.2016.10.010

82. Wang X, Li Q, Liu Y, Jiang H, Chen W. Intermittent fasting versus continuous
energy-restricted diet for patients with type 2 diabetes mellitus and metabolic syndrome
for glycemic control: a systematic review and meta-analysis of randomized controlled
trials. Diabetes Res Clin Pract. (2021) 179:109003. doi: 10.1016/j.diabres.2021.109003

83. Kim MK, Jung HS, Yoon CS, Ko JH, Jun HJ, Kim TK, et al. The effect of glucose
fluctuation on apoptosis and function of INS-1 pancreatic Beta cells. Korean Diabetes J.
(2010) 34:47-54. doi: 10.4093/kdj.2010.34.1.47

84. American Diabetes Association Professional Practice Committee. Prevention or
delay of diabetes and associated comorbidities: standards of care in diabetes-2024.
Diabetes Care. (2024) 47:S43-51. doi: 10.2337/dc24-S003

85. Halberg N, Henriksen M, S6derhamn N, Stallknecht B, Ploug T, Schjerling P, et al.
Effect of intermittent fasting and refeeding on insulin action in healthy men. J Appl
Physiol. (2005) 99:2128-36. doi: 10.1152/japplphysiol.00683.2005

86.Piya M. A systematic review and meta-analysis examined the impact of
intermittent fasting on insulin resistance and glucose and lipid metabolism in patients
with impaired glucose and lipid metabolism. J Diabetes Metab. (2022) 13:967

87. Albosta M, Bakke J. Intermittent fasting: is there a role in the treatment of
diabetes? A review of the literature and guide for primary care physicians. Clin Diabetes
Endocrinol. (2021) 7:3. doi: 10.1186/s40842-020-00116-1

88. Nowosad K, Sujka M. Effect of various types of intermittent fasting (IF) on weight
loss and improvement of diabetic parameters in human. Curr Nutr Rep. (2021)
10:146-54. doi: 10.1007/s13668-021-00353-5

89. Kazeminasab F, Behzadnejad N, Cerqueira HS, Santos HO, Rosenkranz SK. Effects
of intermittent fasting combined with exercise on serum leptin and adiponectin in adults
with or without obesity: a systematic review and meta-analysis of randomized clinical
trials. Front Nutr. (2024) 11:1362731. doi: 10.3389/fnut.2024.1362731

90. Al-Salmi N, Cook P, D'Souza MS. Diet adherence among adults with type 2 diabetes
mellitus: a concept analysis. Oman Med J. (2022) 37:e361. doi: 10.5001/0mj.2021.69

91. Baral ], Karki KB, Thapa P, Timalsina A, Bhandari R, Bhandari R, et al. Adherence to
dietary recommendation and its associated factors among people with type 2 diabetes: a
Cross-sectional study in Nepal. J Diabetes Res. (2022) 2022:1-8. doi: 10.1155/2022/6136059

92. Baheti B, Liu X, Wang M, Zhang C, Dong X, Kang N, et al. Association between
meal frequency and type 2 diabetes mellitus in rural adults: a large-scale Cross-sectional
study. Nutrients. (2023) 15:1348. doi: 10.3390/nu15061348

93. Gémez-Ruiz RP, Cabello-Herndndez Al, Gémez-Pérez FJ, Gémez-Sdmano MA.
Meal frequency strategies for the management of type 2 diabetes sub-jects: a systematic
review. PLoS One. (2024) 19:¢0298531. doi: 10.1371/journal.pone.0298531

Frontiers in Nutrition

14

10.3389/fnut.2025.1629154

94. Kesztyiis D, Vorwieger E, Schonsteiner D, Gulich M, Kesztyiis T. Applicability of
time-restricted eating for the prevention of lifestyle-dependent diseases in a working
population: results of a pilot study in a pre-post design. Ger Med Sci. (2021) 19:Doc04.
doi: 10.3205/000291

95. Manoogian ENC, Panda S. Circadian rhythms, time-restricted feeding, and
healthy aging. Ageing Res Rev. (2017) 39:59-67. doi: 10.1016/j.arr.2016.12.006

96. De Cabo R, Mattson MP. Effects of intermittent fasting on health, aging, and
disease. N Engl ] Med. (2019) 381:2541-51. doi: 10.1056/NEJMra1905136

97.Longo VD, Panda S. Fasting, circadian rhythms, and time-restricted feeding in
healthy lifespan. Cell Metab. (2016) 23:1048-59. doi: 10.1016/j.cmet.2016.06.001

98. Lowe CJ, Reichelt AC, Hall PA. The prefrontal cortex and obesity: a health
neuroscience  perspective.  Trends Cogn  Sci. (2019) 23:349-61. doi:
10.1016/j.tics.2019.01.005

99. Stockman MC, Thomas D, Burke J, Apovian CM. Intermittent fasting: is the wait
worth the weight? Curr Obes Rep. (2018) 7:172-85. doi: 10.1007/s13679-018-0308-9

100. Sutton EE Beyl R, Early KS, Cefalu WT, Ravussin E, Peterson CM. Early time-
restricted feeding improves insulin sensitivity, blood pressure, and oxidative stress even
without weight loss in men with prediabetes. Cell Metab. (2018) 27:1212-1221.e3. doi:
10.1016/j.cmet.2018.04.010

101. Stanek A, Brozyna-Tkaczyk K, Zolghadri S, Cholewka A, Myslinski W. The role
of intermittent energy restriction diet on metabolic profile and weight loss among obese
adults. Nutrients. (2022) 14:1509. doi: 10.3390/nu14071509

102. Yao K, Su H, Cui K, Gao Y, Xu D, Wang Q, et al. Effectiveness of an intermittent
fasting diet versus regular diet on fat loss in overweight and obese middle-aged and elderly
people without metabolic disease: a systematic review and meta-analysis of randomized
controlled trials. ] Nutr Health Aging. (2024) 28:100165. doi: 10.1016/j.jnha.2024.100165

103. Cioffi I, Evangelista A, Ponzo V, Ciccone G, Soldati L, Santarpia L, et al.
Intermittent versus continuous energy restriction on weight loss and cardiometabolic
outcomes: a systematic review and meta-analysis of randomized controlled trials. J
Transl Med. (2018) 16:371. doi: 10.1186/s12967-018-1748-4

104. Silverii GA, Cresci B, Benvenuti F, Santagiuliana F, Rotella F, Mannucci E.
Effectiveness of intermittent fasting for weight loss in individuals with obesity: a meta-
analysis of randomized controlled trials. Nutr Metab Cardiovasc Dis. (2023) 33:1481-9.
doi: 10.1016/j.numecd.2023.05.005

105. Welton S, Minty R, O'Driscoll T, Willms H, Poirier D, Madden S, et al.
Intermittent fasting and weight loss: systematic review. Can Fam Physician. (2020)
66:117-25.

106. Zhang Q, Zhang C, Wang H, Ma Z, Liu D, Guan X, et al. Intermittent fasting
versus continuous calorie restriction: which is better for weight loss? Nutrients. (2022)
14:1781. doi: 10.3390/nul14091781

107. Conde-Pipé J, Mora-Fernandez A, Martinez-Bebia M, Gimenez-Blasi N, Lopez-
Moro A, Latorre JA, et al. Intermittent fasting: does it affect sports performance? A
systematic review. Nutrients. (2024) 16:168. doi: 10.3390/nu16010168

108. Cadena-Ullauri S, Guevara-Ramirez P, Ruiz-Pozo V, Tamayo-Trujillo R, Paz-
Cruz E, Zambrano-Villacres R, et al. The effect of intermittent fasting onmicrobiota as
a therapeutic approach inobesity. Front Nutr. (2024) 11:1393292. doi:
10.3389/fnut.2024.1393292

109. Varady KA, Bhutani S, Klempel MC, Kroeger CM, Trepanowski JE, Haus JM,
et al. Alternate day fasting for weight loss in normal weight and overweight subjects: a
randomized controlled trial. Nutr J. (2013) 12:146. doi: 10.1186/1475-2891-12-146

110. Catenacci VA, Pan Z, Ostendorf D, Brannon S, Gozansky WS, Mattson MP, et al.
A randomized pilot study comparing zero-calorie alternate-day fasting to daily caloric
restriction in adults with obesity. Obesity. (2016) 24:1874-83. doi: 10.1002/0by.21581

111. Ho KY, Veldhuis JD, Johnson ML, Furlanetto R, Evans WS, Alberti KG, et al.
Fasting enhances growth hormone secretion and amplifies the complex rhythms of growth
hormone secretion in man. J Clin Invest. (1988) 81:968-75. doi: 10.1172/JCI113450

112. Matkowska P. Positive effects of physical activity on insulin signaling. Curr Issues
Mol Biol. (2024) 46:5467-87. doi: 10.3390/cimb46060327

113. Dai ZH, Wan KW, Wong PS, Huang WY, Yu AP, Wong SH. Additional effect of
exercise to intermittent fasting on body composition and cardiometabolic health in
adults with overweight/obesity: a systematic review and Meta-analysis. Curr Obes Rep.
(2025) 14:54. doi: 10.1007/s13679-025-00645-9

114. Kazeminasab E Baharlooie M, Karimi B, Mokhtari K, Rosenkranz SK, Santos
HO. Effects of intermittent fasting combined with physical exercise on cardiometabolic
outcomes: systematic review and meta-analysis of clinical studies. Nutr Rev. (2024)
82:1726-40. doi: 10.1093/nutrit/nuad155

115. Arroba A, Aguilar-Diosdado M. Special issue “the prevention, treatment, and
complications of diabetes mellitus”. ] Clin Med. (2022) 11:5305. doi: 10.3390/jcm11185305

116. American Diabetes Association professional practice committee. 10.
Cardiovascular disease and risk management: standards of Care in Diabetes-2024.
Diabetes Care. (2024) 47:S179-218. doi: 10.2337/dc24-S010

117. Esmaeilzadeh F, van de Borne P. Does intermittent fasting improve microvascular
endothelial function in healthy middle-aged subjects? Biol Med. (2016) 8:337. doi:
10.4172/0974-8369.1000337

frontiersin.org


https://doi.org/10.3389/fnut.2025.1629154
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.diabres.2019.107843
https://idf.org/europe/
https://www.nfz.gov.pl/aktualnosci/aktualnosci-oddzialow/profilaktyka-cukrzycy-typu-2-sroda-z-profilaktyka-w-ow-nfz,634.html
https://www.nfz.gov.pl/aktualnosci/aktualnosci-oddzialow/profilaktyka-cukrzycy-typu-2-sroda-z-profilaktyka-w-ow-nfz,634.html
https://doi.org/10.2337/dci21-0034
https://doi.org/10.1136/bmjnph-2022-000544
https://www.uptodate.com/contents/type-2-diabetes-treatment-beyond-the-basics/print
https://www.uptodate.com/contents/type-2-diabetes-treatment-beyond-the-basics/print
https://doi.org/10.2337/dc24-S006
https://doi.org/10.1093/ajcn/nqac066
https://doi.org/10.2337/dc23-S005
https://doi.org/10.1155/2022/6999907
https://doi.org/10.3390/nu11061234
https://doi.org/10.1016/j.diabres.2016.10.010
https://doi.org/10.1016/j.diabres.2021.109003
https://doi.org/10.4093/kdj.2010.34.1.47
https://doi.org/10.2337/dc24-S003
https://doi.org/10.1152/japplphysiol.00683.2005
https://doi.org/10.1186/s40842-020-00116-1
https://doi.org/10.1007/s13668-021-00353-5
https://doi.org/10.3389/fnut.2024.1362731
https://doi.org/10.5001/omj.2021.69
https://doi.org/10.1155/2022/6136059
https://doi.org/10.3390/nu15061348
https://doi.org/10.1371/journal.pone.0298531
https://doi.org/10.3205/000291
https://doi.org/10.1016/j.arr.2016.12.006
https://doi.org/10.1056/NEJMra1905136
https://doi.org/10.1016/j.cmet.2016.06.001
https://doi.org/10.1016/j.tics.2019.01.005
https://doi.org/10.1007/s13679-018-0308-9
https://doi.org/10.1016/j.cmet.2018.04.010
https://doi.org/10.3390/nu14071509
https://doi.org/10.1016/j.jnha.2024.100165
https://doi.org/10.1186/s12967-018-1748-4
https://doi.org/10.1016/j.numecd.2023.05.005
https://doi.org/10.3390/nu14091781
https://doi.org/10.3390/nu16010168
https://doi.org/10.3389/fnut.2024.1393292
https://doi.org/10.1186/1475-2891-12-146
https://doi.org/10.1002/oby.21581
https://doi.org/10.1172/JCI113450
https://doi.org/10.3390/cimb46060327
https://doi.org/10.1007/s13679-025-00645-9
https://doi.org/10.1093/nutrit/nuad155
https://doi.org/10.3390/jcm11185305
https://doi.org/10.2337/dc24-S010
https://doi.org/10.4172/0974-8369.1000337

Dynka et al.

118. Yousefi B, Faghfoori Z, Samadi N, Karami H, Ahmadi Y, Badalzadeh R, et al. The
effects of Ramadan fasting on endothelial function in patients with cardiovascular
diseases. Eur ] Clin Nutr. (2014) 68:835-9. doi: 10.1038/ejcn.2014.61

119. Demirci E, Ozkan E. Improvement in endothelial function in hypertensive
patients after Ramadan fasting: effects of cortisol. Turk ] Med Sci. (2023) 53:439-45. doi:
10.55730/1300-0144.5603

120. Al Zein M, Zein O, Diab R, Dimachkie L, Sahebkar A, Al-Asmakh M, et al.
Intermittent fasting favorably modulates adipokines and potentially attenuates
atherosclerosis. Biochem Pharmacol. (2023) 218:115876. doi: 10.1016/j.bcp.2023.115876

121. Dwaib HS, AlZaim I, Eid AH, Obeid O, El-Yazbi AF. Modulatory effect of
intermittent fasting on adipose tissue inflammation: amelioration of cardiovascular
dysfunction in Early metabolic impairment. Front Pharmacol. (2021) 12:626313. doi:
10.3389/fphar.2021.626313

122. Borgundvaag E, Mak J, Kramer CK. Metabolic impact of intermittent fasting in
patients with type 2 diabetes mellitus: a systematic review and Meta-analysis of interventional
studies. ] Clin Endocrinol Metab. (2021) 106:902-11. doi: 10.1210/clinem/dgaa926

123. Teong XT, Liu K, Vincent AD, Bensalem ], Liu B, Hattersley K], et al. Intermittent
fasting plus early time-restricted eating versus calorie restriction and standard care in
adults at risk of type 2 diabetes: a randomized controlled trial. Nat Med. (2023)
29:963-72. doi: 10.1038/s41591-023-02287-7

124. Parr EB, Radford BE, Hall RC, Steventon-Lorenzen N, Flint SA, Siviour Z, et al.
Comparing the effects of time-restricted eating on glycaemic control in people with type
2 diabetes with standard dietetic practice: a randomised controlled trial. Diabetes Res
Clin Pract. (2024) 217:111893. doi: 10.1016/j.diabres.2024.111893

125. Sukkriang N, Buranapin S. Effect of intermittent fasting 16:8 and 14:10 compared
with control-group on weight reduction and metabolic outcomes in obesity with type 2
diabetes patients: a randomized controlled trial. ] Diabetes Investig. (2024) 15:1297-305.
doi: 10.1111/jdi.14186

126. Andriessen C, Fealy CE, Veelen A, van Beek SMM, Roumans KHM, Connell NJ,
et al. Three weeks of time-restricted eating improves glucose homeostasis in adults with
type 2 diabetes but does not improve insulin sensitivity: a randomised crossover trial.
Diabetologia. (2022) 65:1710-20. doi: 10.1007/s00125-022-05752-z

127. Carter S, Clifton PM, Keogh JB. Effect of intermittent compared with continuous energy
restricted diet on glycemic control in patients with type 2 diabetes: a randomized noninferiority
trial. JAMA Netw Open. (2018) 1:180756. doi: 10.1001/jamanetworkopen.2018.0756

128. Carter S, Clifton PM, Keogh JB. The effect of intermittent compared with
continuous energy restriction on glycaemic control in patients with type 2 diabetes:
24-month follow-up of a randomised noninferiority trial. Diabetes Res Clin Pract. (2019)
151:11-9. doi: 10.1016/j.diabres.2019.03.022

129. 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) 35:588-94. doi: 10.1111/dme.13595

130. Li C, Sadraie B, Steckhan N, Kessler C, Stange R, Jeitler M, et al. Effects of a one-
week fasting therapy in patients with type-2 diabetes mellitus and metabolic syndrome -
a randomized controlled explorative study. Exp Clin Endocrinol Diabetes. (2017)
125:618-24. doi: 10.1055/5-0043-101700

131. Lakhani HA, Biswas D, Kuruvila M, Chava MS, Raj K, Varghese JT, et al.
Intermittent fasting versus continuous caloric restriction for glycemic control and
weight loss in type 2 diabetes: a traditional review. Prim Care Diabetes. (2025) 19:203-13.
doi: 10.1016/j.pcd.2025.02.006

132. Huang X, Huang G, Wei G. Intermittent fasting for glycemic control in patients
with type 2 diabetes: a meta-analysis of randomized controlled trials. Nutr Hosp. (2025)
42:356-65. doi: 10.20960/nh.05521

133. Khalafi M, Habibi Maleki A, Symonds ME, Rosenkranz SK, Rohani H, Ehsanifar
M. The effects of intermittent fasting on body composition and cardiometabolic health
in adults with prediabetes or type 2 diabetes: a systematic review and meta-analysis.
Diabetes Obes Metab. (2024) 26:3830-41. doi: 10.1111/dom.15730

134. Jahrami H, Trabelsi K, Alhaj OA, Saif Z, Pandi-Perumal SR, BaHammam AS. The
impact of Ramadan fasting on the metabolic syndrome severity in relation to ethnicity
and sex: results of a systematic review and meta-analysis. Nutr Metab Cardiovasc Dis.
(2022) 32:2714-29. doi: 10.1016/j.numecd.2022.09.001

135. Liu L, Chen W, Wu D, Hu E. Metabolic efficacy of time-restricted eating in adults:
a systematic review and Meta-analysis of randomized controlled trials. J Clin Endocrinol
Metab. (2022) 107:3428-41. doi: 10.1210/clinem/dgac570

136. Tsitsou S, Zacharodimos N, Poulia KA, Karatzi K, Dimitriadis G,
Papakonstantinou E. Effects of time-restricted feeding and Ramadan fasting on body
weight, body composition, glucose responses, and insulin resistance: a systematic
review of randomized controlled trials. Nutrients. (2022) 14:4778. doi:
10.3390/nu14224778

137. Morales-Suarez-Varela M, Collado Sanchez E, Peraita-Costa I, Llopis-Morales A,
Soriano JM. Intermittent fasting and the possible benefits in obesity, diabetes, and
multiple sclerosis: a systematic review of randomized clinical trials. Nutrients. (2021)
13:3179. doi: 10.3390/nu13093179

138. Cho Y, Hong N, Kim KW, Cho SJ, Lee M, Lee YH, et al. The effectiveness of
intermittent fasting to reduce body mass index and glucose metabolism: a systematic
review and Meta-analysis. ] Clin Med. (2019) 8:1645. doi: 10.3390/jcm8101645

Frontiers in Nutrition

15

10.3389/fnut.2025.1629154

139. Faris MA, Jahrami H, BaHammam A, Kalaji Z, Madkour M, Hassanein M. A
systematic review, meta-analysis, and meta-regression of the impact of diurnal
intermittent fasting during Ramadan on glucometabolic markers in healthy subjects.
Diabetes Res Clin Pract. (2020) 165:108226. doi: 10.1016/j.diabres.2020.
108226

140. Zaki HA, Iftikhar H, Abdalrubb A, Al-Marri NDR, Abdelrahim MG, Fayed
M, et al. Clinical assessment of intermittent fasting with ketogenic diet in glycemic
control and weight reduction in patients with type II diabetes mellitus: a systematic
review and Meta-analysis. Cureus. (2022) 14:e30879. doi: 10.7759/cureus.
30879

141. Abdelrahim D, Faris ME, Hassanein M, Shakir AZ, Yusuf AM, Almeneessier AS,
et al. Impact of Ramadan diurnal intermittent fasting on hypoglycemic events in patients
with type 2 diabetes: a systematic review of randomized controlled trials and
observational studies. Front Endocrinol (Lausanne). (2021) 12:624423. doi:
10.3389/fend0.2021.624423

142. Vitale R, Kim Y. The effects of intermittent fasting on glycemic control and body
composition in adults with obesity and type 2 diabetes: a systematic review. Metab Syndr
Relat Disord. (2020) 18:450-61. doi: 10.1089/met.2020.0048

143. National Institute of Diabetes and Digestive and Kidney Diseases. Continuous
Glucose Monitoring. Bethesda (MD): National Institute of Diabetes and Digestive and
Kidney Diseases. (2023). Available at: https://www.niddk.nih.gov/health-information/
diabetes/overview/managing-diabetes/continuous-glucose-monitoring

144. Tripathi S, Jindal S, Chawla M, Gupta A, Jha S, Phadke UK, et al. The implication
of time-in-range for the management of diabetes in India: a narrative review. Clin
Diabetol. (2022) 11:192-9. doi: 10.5603/DK.a2022.0018

145. Kong APS, Lim S, Yoo SH, Ji L, Chen L, Bao Y, et al. Asia-Pacific consensus
recommendations for application of continuous glucose monitoring in diabetes
management. Diabetes Res Clin Pract. (2023) 201:110718. doi: 10.1016/j.diabres.
2023.110718

146. Araszkiewicz A, Bandurska-Stankiewicz E, Borys S, Broncel M, Budzynski A,
Cyganek K, et al. Standards of care in diabetes. The position of diabetes Poland - 2024.
Curr Top Diabetes. (2023) 3:1-348. doi: 10.5114/ctd/183052

147. Valinskas S, Aleknavicius K, Nakrys M, Jonusas J. Fasting and weight loss:
mobile application-based approach. BMC Nutr. (2022) 8:144. doi: 10.1186/
540795-022-00645-1

148. Torres L, Lee JL, Park S, Di Lorenzo RC, Branam JP, Fraser SA, et al.
Retention, fasting patterns, and weight loss with an intermittent fasting app: large-
scale, 52-week observational study. JMIR Mhealth Uhealth. (2022) 10:€35896. doi:
10.2196/35896

149. Medina Aguerrebere P, Medina E, Gonzalez Pacanowski T. Promoting health
education through Mobile apps: a quantitative analysis of American hospitals.
Healthcare. (2022) 10:2231. doi: 10.3390/healthcare10112231

150. Chandran VP, Balakrishnan A, Rashid M, Pai Kulyadi G, Khan S, Devi ES, et al.
Mobile applications in medical education: a systematic review and meta-analysis. PLoS
One. (2022) 17:€0265927. doi: 10.1371/journal.pone.0265927

151. Naseer Q, Din S, Jeon G, Piccialli F. An accurate and dynamic predictive model
for a smart m-health system using machine learning. Inf Sci. (2020) 538:486-502.
doi: 10.1016/j.ins.2020.06.025

152. Rathi M, Pareek V. Mobile based healthcare tool an integrated disease prediction
& recommendation system. Int ] Knowl Syst Sci. (2019) 10:38-62. doi:
10.4018/IJKSS.2019010103

153. Blumberg J, Hahn SL, Bakke J. Intermittent fasting: consider the risks of
disordered eating for your patient. Clin Diabetes Endocrinol. (2023) 9:4. doi:
10.1186/s40842-023-00152-7

154. Physicians Committee for Responsible Medicine. Eating Disorders. Washington
(DC): Physicians Committee for Responsible Medicine. (2025). Available at: https://
nutritionguide.pcrm.org/nutritionguide/view/Nutrition_Guide_for_
Clinicians/1342074/all/Eating_Disorders

155. Shahawy S, Al Kassab L, Rattani A. Ramadan fasting and pregnancy: an evidence-
based guide for the obstetrician. Am ] Obstet Gynecol. (2023) 228:689-95. doi:
10.1016/j.ajog.2023.03.023

156. Flanagan EW, Kebbe M, Sparks JR, Redman LM. Assessment of eating behaviors
and perceptions of time-restricted eating during pregnancy. J Nutr. (2022) 152:475-83.
doi: 10.1093/jn/nxab397

157. Top Doctors. Postoperative recovery [Internet]. London (UK): Top Doctors.
(2023).  Available at:  https://www.topdoctors.co.uk/medical-dictionary/post-
operative-recovery

158. Harvard Health Publishing. 4 intermittent fasting side_effects to watch out for
[Internet]. Boston (MA): Harvard Health Publishing. (2021). Available at: https://www.
health.harvard.edu/staying_healthy/4_intermittent_fasting side_effects_to_
watch_out_for

159. Duque Lasio ML, Lehman AN, Ahmad A, Bedoyan JK. Pyruvate carboxylase
deficiency In: MP Adam, J Feldman, GM Mirzaa, RA Pagon, SE Wallace and A
Amemiya, editors. GeneReviews®. Seattle, WA: University of Washington (2009).
1993-2024.

frontiersin.org


https://doi.org/10.3389/fnut.2025.1629154
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1038/ejcn.2014.61
https://doi.org/10.55730/1300-0144.5603
https://doi.org/10.1016/j.bcp.2023.115876
https://doi.org/10.3389/fphar.2021.626313
https://doi.org/10.1210/clinem/dgaa926
https://doi.org/10.1038/s41591-023-02287-7
https://doi.org/10.1016/j.diabres.2024.111893
https://doi.org/10.1111/jdi.14186
https://doi.org/10.1007/s00125-022-05752-z
https://doi.org/10.1001/jamanetworkopen.2018.0756
https://doi.org/10.1016/j.diabres.2019.03.022
https://doi.org/10.1111/dme.13595
https://doi.org/10.1055/s-0043-101700
https://doi.org/10.1016/j.pcd.2025.02.006
https://doi.org/10.20960/nh.05521
https://doi.org/10.1111/dom.15730
https://doi.org/10.1016/j.numecd.2022.09.001
https://doi.org/10.1210/clinem/dgac570
https://doi.org/10.3390/nu14224778
https://doi.org/10.3390/nu13093179
https://doi.org/10.3390/jcm8101645
https://doi.org/10.1016/j.diabres.2020.108226
https://doi.org/10.1016/j.diabres.2020.108226
https://doi.org/10.7759/cureus.30879
https://doi.org/10.7759/cureus.30879
https://doi.org/10.3389/fendo.2021.624423
https://doi.org/10.1089/met.2020.0048
https://www.niddk.nih.gov/health-information/diabetes/overview/managing-diabetes/continuous-glucose-monitoring
https://www.niddk.nih.gov/health-information/diabetes/overview/managing-diabetes/continuous-glucose-monitoring
https://doi.org/10.5603/DK.a2022.0018
https://doi.org/10.1016/j.diabres.2023.110718
https://doi.org/10.1016/j.diabres.2023.110718
https://doi.org/10.5114/ctd/183052
https://doi.org/10.1186/s40795-022-00645-1
https://doi.org/10.1186/s40795-022-00645-1
https://doi.org/10.2196/35896
https://doi.org/10.3390/healthcare10112231
https://doi.org/10.1371/journal.pone.0265927
https://doi.org/10.1016/j.ins.2020.06.025
https://doi.org/10.4018/IJKSS.2019010103
https://doi.org/10.1186/s40842-023-00152-7
https://nutritionguide.pcrm.org/nutritionguide/view/Nutrition_Guide_for_Clinicians/1342074/all/Eating_Disorders
https://nutritionguide.pcrm.org/nutritionguide/view/Nutrition_Guide_for_Clinicians/1342074/all/Eating_Disorders
https://nutritionguide.pcrm.org/nutritionguide/view/Nutrition_Guide_for_Clinicians/1342074/all/Eating_Disorders
https://doi.org/10.1016/j.ajog.2023.03.023
https://doi.org/10.1093/jn/nxab397
https://www.topdoctors.co.uk/medical-dictionary/post-operative-recovery
https://www.topdoctors.co.uk/medical-dictionary/post-operative-recovery
https://www.health.harvard.edu/staying_healthy/4_intermittent_fasting_side_effects_to_watch_out_for
https://www.health.harvard.edu/staying_healthy/4_intermittent_fasting_side_effects_to_watch_out_for
https://www.health.harvard.edu/staying_healthy/4_intermittent_fasting_side_effects_to_watch_out_for

Dynka et al.

160. El-Hattab AW, Almannai M. Primary carnitine deficiency In: MP Adam, J
Feldman and GM Mirzaaet al, editors. GeneReviews®. Seattle, WA: University of
Washington, Seattle (2012). 1993-2024.

161. Morales Corado JA, Lee CU, Enns GM. Carnitine-acylcarnitine translocase
deficiency In: MP Adam, ] Feldman and GM Mirzaa, editors. GeneReviews®. Seattle,
WA: University of Washington, Seattle (2022). 1993-2025.

162. MedlinePlus Genetics. 3_hydroxyacyl_CoA dehydrogenase deficiency [Internet].
Bethesda (MD): U.S. National Library of Medicine [cited 2025 Aug 5]. Available at:
https://medlineplus.gov/genetics/condition/3-hydroxyacyl-coa-dehydrogenase-
deficiency/#synonyms

163. Prasun P, LoPiccolo MK, Ginevic I. Long-chain Hydroxyacyl-CoA dehydrogenase
deficiency / trifunctional protein deficiency In: MP Adam, J Feldman and GM Mirzaa,

Frontiers in Nutrition

16

10.3389/fnut.2025.1629154

editors. GeneReviews®. Seattle, WA: University of Washington, Seattle (2022).
1993-2025.

164. Chang IJ, Lam C, Vockley J. Medium-chain acyl-coenzyme a dehydrogenase
deficiency In: MP Adam, ] Feldman and GM Mirzaa, editors. GeneReviews®. Seattle
(WA): University of Washington, Seattle (2000). 1993-2025.

165. Leslie ND, Saenz-Ayala S. Very long-chain acyl-coenzyme a dehydrogenase

deficiency In: MP Adam, ] Feldman and GM Mirzaaet al, editors.
GeneReviews ™. Seattle, WA: University of Washington, Seattle (2009).
1993-2025.

166. Wang B, Rudnick S, Cengia B, Bonkovsky HL. Acute hepatic porphyrias: review
and recent progress. Hepatol Commun. (2018) 3:193-206. doi: 10.1002/hep4.1297

frontiersin.org


https://doi.org/10.3389/fnut.2025.1629154
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://medlineplus.gov/genetics/condition/3-hydroxyacyl-coa-dehydrogenase-deficiency/#synonyms
https://medlineplus.gov/genetics/condition/3-hydroxyacyl-coa-dehydrogenase-deficiency/#synonyms
https://doi.org/10.1002/hep4.1297

	Intermittent fasting in the treatment of type 2 diabetes
	1 Introduction
	2 Fasting and intermittent fasting
	2.1 Fasting
	2.2 Intermittent fasting

	3 Insulin resistance and type 2 diabetes
	3.1 Insulin resistance
	3.2 Type 2 diabetes

	4 Synergizing intermittent fasting with traditional type 2 diabetes treatments
	4.1 Improved glycaemic control
	4.2 Improved sensitivity to insulin
	4.3 Facilitating compliance
	4.4 Fasting, self-control, and metabolic health—a historical and psychosocial insight
	4.5 Weight loss
	4.6 Muscle mass preservation and physical activity during fasting
	4.7 Lower risk of complications in type 2 diabetes

	5 Efficacy and safety of intermittent fasting in treating type 2 diabetes—study results
	5.1 Intermittent fasting and type 2 diabetes—randomized controlled trials (RCTs)
	5.2 Intermittent fasting and type 2 diabetes—meta-analyses and systematic reviews

	6 Novel technologies for safe and effective intermittent fasting
	6.1 Glucose monitoring devices
	6.2 Mobile apps

	7 Intermittent fasting is not for everyone
	8 Limitations
	9 Final remarks
	10 Conclusion

	References

