IJSART - Volume 10 Issue 11 - NOVEMBER 2024

ISSN [ONLINE]: 2395-1052

Intermittent Fasting In Type 2 Diabetes Mellitus

Vaishnavi Shivajirao Gholap?, Jitesh Batra®
L2 Arihant college of pharmacy Ahmednagar

Abstract- Type 2 diabetes(T2D) is a global health burden,
necessitating innovative management strategies. Intermittent
fasting (IF) has garnered attention for its potential benefits in
glucose control, weight loss, and cardiovascular risk
reduction. This systematic review synthesizes evidence from
clinical trials and observational studies examining the efficacy
and safety of IF in T2D management. We evaluated the effects
of various IF regimens (alternate-day fasting, 5:2 diet, time-
restricted feeding) on glycemic control, insulin sensitivity,
body weight, and cardiovascular risk factors. Our review
highlights the potential benefits of IF, including improved
HbAlc, fasting glucose, and insulin sensitivity, as well as
reductions in body weight and cardiovascular risk factors. We
also discuss potential risks, contraindications, and clinical
considerations for implementing IF in T2D management. Our
findings provide insights for healthcare professionals,
researchers, and patients, underscoring the need for
personalized approaches and further research. Type 2
diabetes (T2DM) is a metabolic disorder characterized by
insulin resistance and hyperglycemia, leading to severe
complications. This review examines the hormonal
mechanisms underlying T2DM development and explores
intermittent fasting (IF) as a non-pharmacological treatment
option. Despite IF's established benefits in obesity
management, its efficacy in T2DM patients remains uncertain.
We discuss the current evidence on IF's effects on glucose
metabolism, insulin sensitivity, and cardiometabolic risk
factors in T2DM patients, highlighting potential benefits and
limitations. Our review aims to clarify IF's therapeutic
potential as an adjunctive treatment for T2DM, providing
insights for clinicians and researchers.

Objective:

We conducted a systematic review to evaluate the
metabolic impact of IF compared to standard diet in patients
with T2DM.

Methods:

We searched PubMed, Ovid MEDLINE, and Google
Scholar databases for review articles, clinical trials, and case
series related to type 2 diabetes, insulin resistance, and
intermittent fasting. Articles were carefully reviewed and
included based on relevance to our topic.
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I. INTRODUCTION

Type 2 Diabetes Mellitus (DM) is a common
metabolic disorder characterized by hyperglycemia caused by
various factors including impaired insulin secretion, insulin
resistance, decreased glucose utilization, excessive hepatic
glucose production, and systemic low-grade inflammation [1].
According to the CDC, diabetes affects 34.2 million people in
the United States (10.5% of the total population) [2]. Diabetes
is known to be responsible for the development of multiple
long-term complications, which contribute to the disease’s
morbidity and mortality. For instance, diabetes is the leading
cause of renal failure, new onset blindness, and nontraumatic
lower extremity amputation in the United States [3]. The
complications of diabetes can be either vascular or non-
vascular in nature. The vascular complications include
retinopathy, macular edema, mono- and polyneuropathy,
autonomic dysfunction, nephropathy, coronary heart disease,
peripheral vascular disease and stroke [3]. Non-vascular
complications include issues with the gastrointestinal tract
(gastroparesis), changes in skin color, increased risk of
infections, cataracts, glaucoma, periodontal disease, and
hearing loss [3]. Currently the goal of treatment for type 2
diabetes is centered around preventing or delaying
complications and maintaining quality of life for the patient,
as described by a consensus report for the management of
hyperglycemia by the American Diabetes Association (ADA)
and European Association for the Study of Diabetes (EASD)
[4]. While it is encouraged that patients with type 2 diabetes
engage in lifestyle changes including increased physical
activity, weight loss, and medical nutrition therapy, a majority
of patients require the use of medications to achieve control of
their blood glucose levels [5]. Although it has been well
described that type 2 diabetes is a disease of insulin resistance,
a large amount of the medical therapies that physicians use are
based around the premise of giving the patient more insulin.
For instance, drugs like the sulfonylureas, GLP-1 agonists,
DPP-4 inhibitors, and various insulin preparations all work by
either increasing the endogenous production of insulin or
increasing the amount of exogenous insulin received. While
this works to reduce hyperglycemia in these patients, the idea
of treating a disease of insulin resistance by increasing insulin
may be counterproductive, leading to the requirement of
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increasing amounts of medication over a long period of time.
In fact, a study by Henry et al. [6] showed that when treating
type 2 diabetics with intensive insulin therapy to achieve tight
glycemic control, the patients all developed increased
hyperinsulinemia and weight gain over a 6 month period.

Although the ADA and EASD describe the goal of
treatment as being aimed at preventing or delaying the
complications of this disease, the goal of this review is to take
a closer look at the possibility of using intermittent fasting as a
non-medicinal option for the treatment of type 2 diabetes
through improved insulin sensitivity. When considering the
therapeutic role of intermittent fasting in patients with
diabetes, there are three hormones that likely play a significant
role. These include insulin, as well as the adipokines leptin
and adiponectin. Figures a,22 and and33 describe the effects
of these hormones on various tissues. It is the purpose of this
review to provide insight into the influence of these hormones
on the development of insulin resistance and type 2 diabetes,
as well as the beneficial effects of intermittent fasting on these
metabolic markers. Moving forward, we hope this review is a
summary of the current literature on the use and efficacy of
intermittent fasting in the clinic. We also hope this review
serves as a catalyst for physicians to publish case reports and
partake in controlled studies regarding intermittent fasting and
diabetes.
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Figure b: Effects of Insulin on Various Tissues
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What is Type 2 Diabetes Mellitus:

Type 2 diabetes is a condition that happens because
of a problem in the way the body regulates and uses sugar as a
fuel. That sugar also is called glucose. This long-term
condition results in too much sugar circulating in the blood.
Eventually, high blood sugar levels can lead to disorders of the
circulatory, nervous and immune systems.In type 2 diabetes,
there are primarily two problems. The pancreas does not
produce enough insulin — a hormone that regulates the
movement of sugar into the cells. And cells respond poorly to
insulin and take in less sugar.Type 2 diabetes used to be
known as adult-onset diabetes, but both type 1 and type 2
diabetes can begin during childhood and adulthood. Type 2 is
more common in older adults. But the increase in the number
of children with obesity has led to more cases of type 2
diabetes in younger people.There's no cure for type 2 diabetes.
Losing weight, eating well and exercising can help manage the
disease. If diet and exercise aren't enough to control blood
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sugar, diabetes medications or insulin therapy may be
recommended.

Symptoms:

Symptoms of type 2 diabetes often develop slowly. In
fact, you can be living with type 2 diabetes for years and not
know it. When symptoms are present, they may include:

e Increased thirst.

e Frequent urination.

e Increased hunger.

e Unintended weight loss.

e Fatigue.

e  Blurred vision.

e  Slow-healing sores.

e  Frequent infections.

e Numbness or tingling in the hands or feet.

e Areas of darkened skin, usually in the armpits and
neck.

Causes:
Type 2 diabetes is mainly the result of two problems:

e  Cells in muscle, fat and the liver become resistant to
insulin As a result, the cells don't take in enough
sugar.

e The pancreas can't make enough insulin to keep
blood sugar levels within a healthy range.

Exactly why this happens is not known. Being
overweight and inactive are key contributing factors.

How insulin works

Insulin is a hormone that comes from the pancreas —
a gland located behind and below the stomach. Insulin
controls how the body uses sugar in the following ways:

e Sugar in the bloodstream triggers the pancreas to
release insulin.

e Insulin circulates in the bloodstream, enabling sugar
to enter the cells.

e  The amount of sugar in the bloodstream drops.

e In response to this drop, the pancreas releases less
insulin.

The role of glucose
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Glucose — a sugar — is a main source of energy for the cells
that make up muscles and other tissues. The use and regulation
of glucose includes the following:

e Glucose comes from two major sources: food and the
liver

e Glucose is absorbed into the bloodstream, where it
enters cells with the help of insulin.

e The liver stores and makes glucose.

e When glucose levels are low, the liver breaks down
stored glycogen into glucose to keep the body's
glucose level within a healthy range.

In type 2 diabetes, this process doesn't work well.
Instead of moving into the cells, sugar builds up in the blood.
As blood sugar levels rise, the pancreas releases more insulin.
Eventually the cells in the pancreas that make insulin become
damaged and can't make enough insulin to meet the body's
needs.

Risk factors:
Factors that may increase the risk of type 2 diabetes include:

e Weight: Being overweight or obese is a main risk.

e Fat distribution: Storing fat mainly in the abdomen
— rather than the hips and thighs — indicates a
greater risk. The risk of type 2 diabetes is higher in
men with a waist circumference above 40 inches
(101.6 centimeters) and in women with a waist
measurement above 35 inches (88.9 centimeters).

e Inactivity: The less active a person is, the greater the
risk. Physical activity helps control weight, uses up
glucose as energy and makes cells more sensitive to
insulin.

e Family history: An individual's risk of type 2
diabetes increases if a parent or sibling has type 2
diabetes.

e Race and ethnicity: Although it's unclear why,
people of certain races and ethnicities — including
Black, Hispanic, Native American and Asian people,
and Pacific Islanders — are more likely to develop
type 2 diabetes than white people are.

e Blood lipid levels: An increased risk is associated
with low levels of high-density lipoprotein (HDL)
cholesterol — the "good" cholesterol — and high
levels of triglycerides.

e Age: The risk of type 2 diabetes increases with age,
especially after age 35.

e Prediabetes: Prediabetes is a condition in which the
blood sugar level is higher than normal, but not high
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enough to be classified as diabetes. Left untreated,
prediabetes often progresses to type 2 diabetes.

e Pregnancy-related risks: The risk of developing
type 2 diabetes is higher in people who had
gestational diabetes when they were pregnant and in
those who gave birth to a baby weighing more than 9
pounds (4 kilograms).

e Polycystic ovary syndrome: Having polycystic
ovary syndrome — a condition characterized by
irregular menstrual periods, excess hair growth and
obesity — increases the risk of diabetes.
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Figure d: Intermittent Fasting Regimens
What is intermittent fasting:

Intermittent fasting has recently gained popularity as
a means of improving body composition and metabolic health
[28, 29]. Intermittent fasting refers to eating patterns based
around the principle of consuming very little to no calories for
time periods ranging from 12 h to several days with a regular
pattern [28]. There are several different regimens of
intermittent fasting. One such regimen is alternate day fasting,
in which days of fasting are separated by days of ad libitum
food consumption [29]. Another method is periodic fasting, in
which individuals fast for 1 or 2 days a week (also referred to
as 5:2 or 6:1 fasting) [29]. Finally, the most common method
is time-restricted feeding, in which food consumption is only
allowed during a specified window of time each day, typically
with 16-20h daily fasts [29]. See Fig. 4 for a visual
representation of the most common intermittent fasting
regimens.
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e Intermittent fasting may reverse type 2 diabetes:
Research report by Endocrine society

After an intermittent fasting diet intervention,
patients achieved complete diabetes remission, defined as an
HbAlc (average blood sugar) level of less than 6.5% at least
one year after stopping diabetes medication. according to a
new study published in the Endocrine Society’s Journal of
Clinical Endocrinology & Metabolism.Intermittent fasting
diets have become popular in recent years as an effective
weight loss method. With intermittent fasting, you only eat
during a specific window of time. Fasting for a certain number
of hours each day or eating just one meal a couple of days a
week can help your body burn fat. Research shows
intermittent fasting can lower your risk of diabetes and heart
disease.

“Type 2 diabetes is not necessarily a permanent,
lifelong disease. Diabetes remission is possible if patients lose
weight by changing their diet and exercise habits,” said
Dongbo Liu, Ph.D., of Hunan Agricultural University in
Changsha, China. “Our research shows an intermittent fasting,
Chinese Medical Nutrition Therapy (CMNT), can lead to
diabetes remission in people with type 2 diabetes, and these
findings could have a major impact on the over 537 million
adults worldwide who suffer from the disease.”

The researchers conducted a 3-month intermittent
fasting diet intervention among 36 people with diabetes and
found almost 90% of participants, including those who took
blood sugar-lowering agents and insulin, reduced their
diabetes medication intake after intermittent fasting. Fifty-five
percent of these people experienced diabetes remission,
discontinued their diabetes medication and maintained it for at
least one year.

The study challenges the conventional view that
diabetes remission can only be achieved in those with a
shorter diabetes duration (0-6 years). Sixty-five percent of the
study participants who achieved diabetes remission had a
diabetes duration of more than 6 years (6-11 years).“Diabetes
medications are costly and a barrier for many patients who are
trying to effectively manage their diabetes. Our study saw
medication costs decrease by 77% in people with diabetes
after intermittent fasting,” Liu said.

The other authors of this study are Xiao Yang of
Hunan Agricultural University, the State Key Laboratory of
Subhealth Intervention Technology and Changsha and
Tourism College in Changsha, China; Jiali Zhou of Hunan
Agricultural University and the Department of Shizi Mountain
Primary Care in Changsha, China; Huige Shao and Bi Huang

www.ijsart.com



IJSART - Volume 10 Issue 11 - NOVEMBER 2024

of Changsha Central Hospital in Changsha, China; Xincong
Kang of Hunan Agricultural University, the National Research
Center of Engineering Technology for Utilization

Ingredients fromBotanicals and the Hunan Provincial
Engineering Research Center of Medical Nutrition
Intervention Technology for Metabolic Diseases in Changsha,
China; Ruiyu Wu of Hunan Agricultural University and the
State Key Laboratory of Subhealth Intervention Technology
Achievement Application Center in Changsha, China;
Fangzhou Bian of the University of California Irvine in Irvine,
Calif.; and Minghai Hu of Central South University in
Changsha, China.

e Intermittent fasting, weight loss, and appetite
control:

Obesity is known to be a major risk factor for the
development of type 2 DM. There are a number of
mechanisms believed to contribute to the development of
insulin-resistance in obese patients. These include, but are not
limited to, systemic chronic inflammation and ectopic lipid
deposition [7, 9, 30, 31]. Visceral adipose tissue is known to
function as both a paracrine and endocrine organ through the
secretion of adipokines [10]. These adipokines are either
proinflammatory leading to chronic low-level inflammation,
such as leptin, or anti-inflammatory such as adiponectin [10].
Leptin is known to play a role in the regulation of body weight
through signaling to the hypothalamus and other brain regions
to suppress food intake and increase energy expenditure [9].
The inflammatory effects of leptin are likely due to its role in
the production of IL-6, which induces the synthesis of C-
reactive protein in the liver as well as upregulation of the pro-
inflammatory cytokine TNF-alpha [10]. Interestingly, patients
with higher levels of BMI and insulin resistance were found to
have increased leptin levels, possibly signifying that patients
with obesity and insulin resistance are developing leptin
resistance as well [10]. On the contrary, adiponectin is known
to have antidiabetic and anti-inflammatory effects.
Adiponectin acts on various receptors that results in an
increase in skeletal muscle and hepatic fatty acid oxidation,
reduced hepatic gluconeogenesis, and increased glucose
uptake [10]. It also exerts anti-inflammatory effects through
direct action on inflammatory cells, action of NF-kB, and
interactions with TNF-alpha [10]. Adiponectin levels decrease
with accumulation of visceral fat [10]. Lépez-Jaramillo et al.
performed a review with the intention of determining levels of
leptin and adiponectin in patients with metabolic syndrome.
They found that in patients with the metabolic syndrome,
which includes obesity and insulin resistance, an imbalance in
levels of leptin and adiponectin appeared to play a role in
metabolic alteration that increased the risk of type 2 diabetes
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[10]. Interestingly, several studies have demonstrated that
intermittent fasting, even in the absence of fat loss, has
resulted in a reduction of leptin levels and an increase of
adiponectin, which results in improvements of insulin
resistance [32].

It has long been known that restricting calories can
reduce body weight and increase metabolic health [33]. A
study by Larson-Meyer et al. [34] showed that 25% calorie
reduction either via diet alone or diet in conjunction with
exercise led to improvements in insulin sensitivity and
reduction in B-cell sensitivity in overweight, glucose-tolerant
individuals. However, several obesity trials have demonstrated
that humans have significant difficulty sustaining daily calorie
restriction for extended periods of time [28]. On the other
hand, intermittent fasting has higher compliance and has
shown promise in the improvement of metabolic risk factors,
body composition, and weight loss in obese individuals [28,
35, 36]. It has been shown that these beneficial effects are due
in part to the shift during fasting from the utilization of
glucose to fatty acids and ketones as the body’s preferred fuel
source [28]. During this transition the body begins to switch
from the synthesis and storage of lipids to mobilization of fat
in the form of ketone bodies and free fatty acids [28]. This
transition of fuel source, or metabolic reprogramming, has
been highlighted as a potential mechanism for many of the
beneficial effects of intermittent fasting. Lastly, intermittent
fasting has been shown to reduce adiposity, particularly
visceralfat and truncal fat, largely due to mild energy deficits
[12, 17]. It is through this reduction in adiposity that patients
may experience improvements intheir leptin/adiponectin levels
and sensitivity, leading to improved appetite control and lower
levels of chronic inflammation thus improving several risk
factors for type 2 diabetes.

e Intermittent fasting and insulin sensitivity

Insulin plays a significant role in glucose homeostasis
due to its influence in promoting the storage and utilization of
glucose. However, the effects of insulin are not limited to
glucose homeostasis. Insulin also plays a role in the
stimulation of DNA synthesis, RNA synthesis, cell growth and
differentiation, amino acid influx, protein synthesis, inhibition
of protein degradation, and most importantly, the stimulation
of lipogenesis and inhibition of lipolysis [8].

It is the development of insulin resistance, which is
defined as the necessity of higher circulating insulin levels in
order to produce a glucose lowering response, that is thought
to be responsible for the development of type 2 diabetes [7]. In
order to promote regulation of glucose homeostasis, insulin
works primarily on receptors in skeletal muscle, liver, and
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white adipose tissue [7]. In short, there are several proposed
mechanisms regarding the development of insulin resistance.
One of the more prominent theories describes the association
of increased adiposity and the subsequent chronic
inflammation that leads to the development of insulin
resistance in tissues [7].

Intermittent fasting, as described previously, may
reduce adiposity and subsequently insulin resistance via
reduction of caloric intake as well as due to metabolic
reprogramming. In addition, energy/nutrient depletion (such as
that achieved through reduced caloric intake) has been shown
to promote healthier aging and reduction in chronic disease
through increased activation of AMP activated protein kinase
(AMPK) [37]. AMPK responds to both to increased
AMP/ADP:ATP ratios as well as to endocrine signals of
hunger and satiety [37]. The role of AMPK at a biochemical
level is outside of the scope of this review, however activation
of AMPK through a low energy state has been shown to
initiate physiologic responses that promote healthy aging [37].
Increased levels of insulin, whether through increased energy
intake or insulin resistance, leads to the activation of
downstream mediators that ultimately inhibit AMPK. The role
of AMPK in improved insulin sensitivity is most evident via
the positive effects of the commonly prescribed biguanide,
metformin. Metformin is known to promote the activation of
AMPK, and has been shown to be very effective in the
treatment of type 2 diabetes as well as in the mitigation of a
number of chronic disease states [37]. In theory, decreased
energy intake, such as that is achieved through intermittent
fasting, will lead to prolonged decreased levels of insulin
production and increased levels of AMPK, which likely plays
a role in the improvements in insulin sensitivity and glucose
homeostasis.

e Intermittent fasting as a treatment for type 2
diabetes?

Several studies have shown promise for the use of
intermittent fasting protocols as a potential treatment for
diabetes. Tables Tables11l and and22 illustrate the findings of
several recent studies regarding intermittent fasting and its
effect on measures including body weight, fasting glucose,
fasting insulin, adiponectin, and leptin. The
inclusion/exclusion criteria can be found in the supplementary
file S1. In a systematic review and meta-analysis by Cho et al.
[32] that included studies evaluating patients both with and
without pre-diabetes (diabetic patients were excluded), it was
found that of 8 studies comparing the effects of an intermittent
fasting diet to a control group, BMI decreased by 0.75 kg/m2
over periods ranging from 4 to 24 weeks. Furthermore, of 8
studies comparing intermittent fasting to a control group in the
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evaluation of glycemic control, it was found that the
intermittent fasting group had significant reductions in fasting
glucose levels (—4.16 mg/dL; p=0.003). Lastly, when
comparing leptin and adiponectin levels between the
intermittent fasting subjects and the control subjects in all
studies, the reviewers found increased adiponectin levels
(1008.87ng/mL; p=0.023) and  decreased leptin
(—0.51 ng/mL; p<0.001) [32]. A case series by Furmli et al.
[26] followed three patients with type 2 diabetes over several
months after beginning an intermittent fasting regimen
consisting of three 24 h fasts per week. Over the course of the
study, all patients had significant reductions in HbA1C,
weight loss, and all of the patients were able to stop their
insulin therapy within 1 month [26]. Interestingly, the three
patients in this case series all reported tolerating fasting very
well, and no patient stopped the intervention at any point out
of choice [26]. This suggests that intermittent fasting may not
only be successful as a non-medicinal treatment option for
patients with type 2 diabetes, but supports the notion that this
intervention is tolerable as well. Carter et al. [19] performed a
clinical trial in which 137 adults with type 2 diabetes were
divided into two groups, one intermittent energy restriction
group (500-600 kcal/day for 2 days per week and normal diet
every other day) and a continuous energy restriction group
(1200-1500 kcal/day). After 12 months of intervention, the
two groups showed similar reductions in HbA1C levels and
greater reductions in weight in the intermittent energy
restriction group. Finally, a similar clinical trial by Gabel et al.
[16] compared an alternate day fasting regimen (25% of
energy needs on fasting days, 125% of energy needs on non-
fasting days) to continuous energy restriction (75% of energy
needs daily) and a control group of obese, non-diabetic
patients. Over an intervention period of 12 months, there were
similar reductions in body weight, BMI, and fat mass between
the alternate day fasting and continuous energy restriction
groups, however there were significant reductions in fasting
insulin levels (—44%; p<0.05) and homeostatic model
assessment of insulin resistance (HOMA-IR) levels (—53%;
p <0.05) in the alternate day fasting group [16]. HOMA-IR is
a marker used to measure levels of insulin resistance.

Challenges in Managing Type 2 Diabetes:

e Detecting it Early:
Type 2 diabetes (T2D) develops quietly, making early
detection crucial. Screening adults aged 35-45 can help.
Lifestyle changes and education are vital.

e Screening Methods:
Current tests include:
1. Oral Glucose Tolerance Test (OGTT) - accurate but
inconvenient.
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2. Fasting Plasma Glucose (FPG) and Hemoglobin Alc
(HbA1c) - combining both may improve diagnosis.

e Adopting Intermittent Fasting
Sticking to lifestyle changes, like intermittent fasting, can be
tough. Clinicians should provide motivation and support.

e Challenges to Adherence:
1. Losing motivation
2. Feeling hungry or sluggish
3. Social pressures
4. Difficulty self-monitoring

e Benefits and Limitations
Intermittent fasting can improve physical and mental health,
but:
1. Long-term effects are unclear.
2. Some individuals should avoid it (e.g., those with certain
health conditions).
3. Benefits may extend beyond weight loss (e.g., improving
dyslipidemia, hypertension).

Effectively Implementing Intermittent Fasting

LY
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Support Patient
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Some barriers to
adherence include;

Key facilitators as to why (S8
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in physical health,
poskiva peychologicat ve patient wellbeing
discourage the fasting
schedule.

Figure e: An example of implementing IF into the lives of
patients. This represents a generalized strategy that may be
modified to fit the situation.

Limitations and future research:

This review is not a systematic review and as such
lacks the power to summarize all trails with statistical
significance. Having said that, we highlighted the research that
has been done in humans and presented evidence that
intermittent fasting improves insulin sensitivity, likely through
a combination of weight-loss and “metabolic reprogramming”.
There is a significant amount of research that has been done
on the effects of intermittent fasting in regards to
improvements in body composition and metabolic health,
however a majority of the data to date has come from animal
studies, which were not included in this review. Although
there are a number of case reports showing significant
improvements in diabetic patients’ glucose control, many of
the randomized controlled trials fail to include patients with
diabetes. This is an area where further research is needed, as
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the current trials (and case reports) included in this review that
have been done on diabetic patients have shown promise in
improving metabolic health with nearly no adverse effects.
Most patients doing some form of intermittent fasting
experience mild energy deficits and weight-loss, that may not
be appropriate for all patients. As such, there needs to be more
research into delineating the metabolic improvements of
intermittent fasting from weight-loss.

Il. CONCLUSION

Type 2 diabetes afflicts 34.2 million people in the
United States, and is associated with significant morbidity and
mortality [1]. Although diabetes is characterized as a disorder
of insulin resistance, a majority of the pharmaceutical
treatments for this disease promote increases in insulin levels
to achieve better glycemic control. This leads to a number of
issues including weight gain, worsened insulin resistance,
increased levels of leptin, and decreased levels of adiponectin.
Intermittent fasting has become an increasingly popular
dietary practice for the improvement of body composition and
metabolic health [28, 29]. It also has shown promise in the
treatment of type 2 diabetes. This may be due to its effects on
weight loss, in addition to decreasing insulin resistance and a
favorable shift in the levels of leptin and adiponectin [32].
Patients may approach their physicians with questions
regarding the implementation of intermittent fasting. In
addition, physicians should be aware of the benefits of this
dietary practice as a treatment for type 2 diabetes so that they
may be able to help patients use this to combat the progression
of their disease.

REFERENCES

[1] Powers AC, Niswender KD, Evans-Molina C. Diabetes
mellitus: diagnosis, classification, and pathophysiology.
In: Jameson JL, Fauci AS, Kasper DL, Hauser SL, Longo
DL, Loscalzo J, editors. Harrison's principles of internal
medicine, 20e. New York: McGraw-Hill Education; 2018.
[Google Scholar]

[2] National Diabetes Statistics Report . CDC.gov: U.S.
Department of Health and Human Services. 2020.
[Google Scholar]

[3] Powers AC, Stafford JM, Rickels MR. Diabetes mellitus:
complications. In: Jameson JL, Fauci AS, Kasper DL,
Hauser SL, Longo DL, Loscalzo J, editors. Harrison's
principles of internal medicine, 20e. New York: McGraw-
Hill Education; 2018. [Google Scholar]

[4] Davies MJ, D'Alessio DA, Fradkin J, et al. Management
of Hyperglycemia in type 2 diabetes, 2018. A consensus
Report by the American Diabetes Association (ADA) and
the European Association for the Study of diabetes

www.ijsart.com



IJSART - Volume 10 Issue 11 - NOVEMBER 2024

(EASD) Diabetes Care. 2018;41(12):2669-2701. doi:
10.2337/dci18-0033. [PMC free article] [PubMed]
[CrossRef] [Google Scholar]

[5] American Diabetes Association Standards of medical care
for patients with diabetes mellitus. Diabetes Care.
2003;26(Suppl 1):S33-S50. [PubMed] [Google Scholar]

[6] Henry RR, Gumbiner B, Ditzler T, et al. Intensive
conventional insulin therapy for type Il diabetes.
Metabolic effects during a 6-mo outpatient trial. Diabetes
Care. 1993;16(1):21-31. doi: 10.2337/diacare.16.1.21.
[PubMed] [CrossRef] [Google Scholar]

[7] Petersen MC, Shulman Gl. Mechanisms of insulin action
and insulin resistance. Physiol Rev. 2018;98(4):2133-
2223. doi: 10.1152/physrev.00063.2017. [PMC free
article] [PubMed] [CrossRef] [Google Scholar]

[8] Kahn CR. The molecular mechanism of insulin action.
Annu Rev Med. 1985;36:429-451. doi:
10.1146/annurev.me.36.020185.002241. [PubMed]
[CrossRef] [Google Scholar]

[9] Minokoshi Y, Toda C, Okamoto S. Regulatory role of
leptin in glucose and lipid metabolism in skeletal muscle.
Indian J Endocrinol Metab. 2012;16(Suppl 3):S562—-S568.
doi: 10.4103/2230-8210.105573. [PMC free article]
[PubMed] [CrossRef] [Google Scholar]

[10] Lopez-Jaramillo P, Gémez-Arbelaez D, Lopez-Lbpez J, et
al. The role of leptin/adiponectin ratio in metabolic
syndrome and diabetes. Horm Mol Biol Clin Investig.
2014;18(1):37-45. [PubMed] [Google Scholar]

[11] Trepanowski JF, Kroeger CM, Barnosky A, et al. Effect
of alternate-day fasting on weight loss, weight
maintenance, and Cardioprotection among metabolically
healthy obese adults: a randomized clinical trial. JAMA
Intern Med. 2017;177(7):930-938. doi:
10.1001/jamainternmed.2017.0936. [PMC free article]
[PubMed] [CrossRef] [Google Scholar]

[12] Catenacci VA, Pan Z, Ostendorf D, et al. A randomized
pilot study comparing zero-calorie alternate-day fasting to
daily caloric restriction in adults with obesity. Obesity
(Silver Spring) 2016;24(9):1874-1883. doi:
10.1002/0by.21581. [PMC free article] [PubMed]
[CrossRef] [Google Scholar]

[13]Bhutani S, Klempel MC, Kroeger CM, et al. Alternate
day fasting and endurance exercise combine to reduce
body weight and favorably alter plasma lipids in obese
humans. Obesity (Silver Spring) 2013;21(7):1370-1379.
doi: 10.1002/0by.20353. [PubMed] [CrossRef] [Google
Scholar]

[14] Bhutani S, Klempel MC, Berger RA, et al. Improvements
in coronary heart disease risk indicators by alternate-day

fasting involve adipose tissue modulations. Obesity
(Silver Spring) 2010;18(11):2152-2159. doi:
Page | 153

ISSN [ONLINE]: 2395-1052

10.1038/0by.2010.54.
Scholar]

[15] Varady KA, Bhutani S, Klempel MC, et al. Alternate day
fasting for weight loss in normal weight and overweight
subjects: a randomized controlled trial. Nutr J.
2013;12(1):146. doi: 10.1186/1475-2891-12-146. [PMC
free article] [PubMed] [CrossRef] [Google Scholar]

[16] Gabel K, Kroeger CM, Trepanowski JF, et al. Differential
effects of alternate-day fasting versus daily calorie
restriction on insulin resistance. Obesity (Silver Spring)
2019;27(9):1443-1450. [PMC free article] [PubMed]
[Google Scholar]

[17]Hoddy KK, Kroeger CM, Trepanowski JF, et al. Meal
timing during alternate day fasting: Impact on body
weight and cardiovascular disease risk in obese adults
[published correction appears in Obesity (Silver Spring).
2015  Apr;23(4):914]  Obesity  (Silver  Spring)
2014;22(12):2524-2531. doi: 10.1002/0by.20909.
[PubMed] [CrossRef] [Google Scholar]

[18] 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;122:106-112. doi:
10.1016/j.diabres.2016.10.010. [PubMed] [CrossRef]
[Google Scholar]

[19] 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(3):e180756. doi:
10.1001/jamanetworkopen.2018.0756. [PMC free article]
[PubMed] [CrossRef] [Google Scholar]

[20]Sundfer TM, Svendsen M, Tonstad S. Effect of
intermittent versus continuous energy restriction on
weight loss, maintenance and cardiometabolic risk: a
randomized 1-year trial. NutrMetab Cardiovasc Dis.
2018;28(7):698-706. doi: 10.1016/j.numecd.2018.03.009.
[PubMed] [CrossRef] [Google Scholar]

[21] Corley BT, Carroll RW, Hall RM, Weatherall M, Parry-
Strong A, Krebs JD. Intermittent fasting in type 2 diabetes
mellitus and the risk of hypoglycaemia: a randomized
controlled trial. Diabet Med. 2018;35(5):588-594. doi:
10.1111/dme.13595. [PubMed] [CrossRef] [Google
Scholar]

[22]Moro T, Tinsley G, Bianco A, et al. Effects of eight
weeks of time-restricted feeding (16/8) on basal
metabolism, maximal strength, body composition,
inflammation, and cardiovascular risk factors in
resistance-trained males. J Transl Med. 2016;14(1):290.
doi: 10.1186/s12967-016-1044-0. [PMC free article]
[PubMed] [CrossRef] [Google Scholar]

[PubMed] [CrossRef] [Google

www.ijsart.com



IJSART - Volume 10 Issue 11 - NOVEMBER 2024

[23] Sutton EF, Beyl R, Early KS, et al. Early Time-Restricted
Feeding Improves Insulin Sensitivity, Blood Pressure, and
Oxidative Stress Even without Weight Loss in Men with
Prediabetes. Cell Metab. 2018;27(6):1212-1221.e1213.
doi: 10.1016/j.cmet.2018.04.010. [PMC free article]
[PubMed] [CrossRef] [Google Scholar]

[24]Hutchison AT, Regmi P, Manoogian ENC, et al. Time-
restricted feeding improves glucose tolerance in men at
risk for type 2 diabetes: a randomized crossover trial.
Obesity  (Silver Spring) 2019;27(5):724-732. doi:
10.1002/0by.22449. [PubMed] [CrossRef] [Google
Scholar]

[25] Cienfuegos S, Gabel K, Kalam F, et al. Effects of 4- and
6-h  Time-Restricted Feeding on Weight and
Cardiometabolic Health: A Randomized Controlled Trial
in Adults with Obesity. Cell Metab. 2020;32(3):366—
378.e3. doi: 10.1016/j.cmet.2020.06.018. [PMC free
article] [PubMed] [CrossRef] [Google Scholar]

[26]Furmli S, Elmasry R, Ramos M, Fung J. Therapeutic use
of intermittent fasting for people with type 2 diabetes as
an alternative to insulin. BMJ Case Rep.
2018;2018:bcr2017221854.  10.1136/bcr-2017-221854.
[PMC free article] [PubMed]

[27] Lichtash C, Fung J, Ostoich KC, Ramos M. Therapeutic
use of intermittent fasting and ketogenic diet as an
alternative treatment for type 2 diabetes in a normal
weight woman: a 14-month case study. BMJ Case Rep.
2020;13(7):e234223. doi:  10.1136/bcr-2019-234223.
[PMC free article] [PubMed] [CrossRef] [Google
Scholar]

[28] Anton SD, Moehl K, Donahoo WT, et al. Flipping the
metabolic switch: understanding and applying the health
benefits of  fasting.  Obesity  (Silver  Spring)
2018;26(2):254-268. doi: 10.1002/0by.22065. [PMC free
article] [PubMed] [CrossRef] [Google Scholar]

[29] Zubrzycki A, Cierpka-Kmiec K, Kmiec Z, Wronska A.
The role of low-calorie diets and intermittent fasting in
the treatment of obesity and type-2 diabetes. J
PhysiolPharmacol.  2018;69(5):10.26402/jpp.2018.5.02.
10.26402/jpp.2018.5.02. [PubMed]

[30]Heymsfield  SB,  Wadden  TA. Mechanisms,
pathophysiology, and Management of Obesity. N Engl J

Med. 2017;376(3):254-266. doi:
10.1056/NEJMra1514009. [PubMed] [CrossRef] [Google
Scholar]

[31]Bolze F, Bast A, Mocek S, et al. Treatment of diet-
induced lipodystrophic C57BL/6J mice with long-acting
PASylated leptin normalises insulin sensitivity and
hepatic  steatosis by promoting lipid utilisation.
Diabetologia. 2016;59(9):2005-2012. doi:
10.1007/s00125-016-4004-6.  [PubMed]  [CrossRef]
[Google Scholar]

Page | 154

ISSN [ONLINE]: 2395-1052

[32]Cho Y, Hong N, Kim KW, et al. The Effectiveness of
Intermittent Fasting to Reduce Body Mass Index and
Glucose Metabolism: A Systematic Review and Meta-
Analysis. J Clin Med. 2019;8(10):1645. [PMC free
article] [PubMed]

[33] Most J, Tosti V, Redman LM, et al. Calorie restriction in
humans: an update. Ageing Res Rev. 2017;39:36-45. doi:
10.1016/j.arr.2016.08.005. [PMC free article] [PubMed]
[CrossRef] [Google Scholar]

[34] Larson-Meyer DE, Heilbronn LK, Redman LM, et al.
Effect of calorie restriction with or without exercise on
insulin sensitivity, beta-cell function, fat cell size, and
ectopic lipid in overweight subjects. Diabetes Care.
2006;29(6):1337-1344. doi: 10.2337/dc05-2565. [PMC
free article] [PubMed] [CrossRef] [Google Scholar]

[35] Harvie M, Wright C, Pegington M, et al. The effect of
intermittent energy and carbohydrate restriction v. daily
energy restriction on weight loss and metabolic disease
risk markers in overweight women. Br J Nutr.
2013;110(8):1534-1547. doi:
10.1017/S0007114513000792. [PMC  free article]
[PubMed] [CrossRef] [Google Scholar]

[36] Varady KA, Bhutani S, Church EC, Klempel MC. Short-
term modified alternate-day fasting: a novel dietary
strategy for weight loss and cardioprotection in obese
adults. Am J Clin Nutr. 2009;90(5):1138-1143. doi:
10.3945/ajcn.2009.28380. [PubMed] [CrossRef] [Google
Scholar]

[37]Burkewitz K, Weir HJ, Mair WB. AMPK as a pro-
longevity target. Exp Suppl. 2016;107:227-256. doi:
10.1007/978-3-319-43589-3_10. [PubMed] [CrossRef]
[Google Scholar]

[38] Grajower MM, Horne BD. Clinical Management of
Intermittent Fasting in Patients with Diabetes Mellitus.
Nutrients. 2019;11(4):873. [PMC free article] [PubMed]

[39] de Cabo R, Mattson MP. Effects of intermittent fasting on
health, aging, and disease [published correction appears in
N Engl J med. 2020 Jan 16;382(3):298] [published
correction appears in N Engl J med. 2020 mar
5;382(10):978] N Engl J Med. 2019;381(26):2541-2551.
doi: 10.1056/NEJMral905136. [PubMed] [CrossRef]
[Google Scholar]

[40] https://www.mdpi.com/2673-4540/4/4/44

[41] https://www.endocrine.org/news-and-advocacy/news-
room/2022/intermittent-fasting-may-reverse-type-2-
diabetes

[42] https://www.mayoclinic.org/diseases-conditions/type-2-
diabetes/symptoms-causes/syc-20351193

[43] 43.https://medlineplus.gov/diabetestype2.html#:~:text=W
hat%20is%20type%202%20diabetes,t0%20prevent%20th
ese%?20health%20problems

www.ijsart.com


https://www.mdpi.com/2673-4540/4/4/44
https://www.endocrine.org/news-and-advocacy/news-room/2022/intermittent-fasting-may-reverse-type-2-diabetes
https://www.endocrine.org/news-and-advocacy/news-room/2022/intermittent-fasting-may-reverse-type-2-diabetes
https://www.endocrine.org/news-and-advocacy/news-room/2022/intermittent-fasting-may-reverse-type-2-diabetes
https://www.mayoclinic.org/diseases-conditions/type-2-diabetes/symptoms-causes/syc-20351193
https://www.mayoclinic.org/diseases-conditions/type-2-diabetes/symptoms-causes/syc-20351193
https://medlineplus.gov/diabetestype2.html#:~:text=What%20is%20type%202%20diabetes,to%20prevent%20these%20health%20problems
https://medlineplus.gov/diabetestype2.html#:~:text=What%20is%20type%202%20diabetes,to%20prevent%20these%20health%20problems
https://medlineplus.gov/diabetestype2.html#:~:text=What%20is%20type%202%20diabetes,to%20prevent%20these%20health%20problems

IJSART - Volume 10 Issue 11 - NOVEMBER 2024

[44] https://link.springer.com/article/10.1007/s13105-021-
00839-4

[45] https://www.sciencedirect.com/science/article/pii/S19315
2441400200X

[46] https://academic.oup.com/jcem/article/106/3/902/6034139

[47] https:/iwww.ncbi.nlm.nih.gov/pmc/articles/PMC7856758/

Page | 155

ISSN [ONLINE]: 2395-1052

www.ijsart.com


https://link.springer.com/article/10.1007/s13105-021-00839-4
https://link.springer.com/article/10.1007/s13105-021-00839-4
https://www.sciencedirect.com/science/article/pii/S193152441400200X
https://www.sciencedirect.com/science/article/pii/S193152441400200X
https://academic.oup.com/jcem/article/106/3/902/6034139
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7856758/

