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INTRODUCTION
Fasting has been practiced for  many centuries all over the globe in some form or the other. Almost 
all religious groups, including Hindus, Christians, Jews, Buddhists, Sikhs, Jains and many others, 
incorporate periods of fasting into their rituals. A method of fasting is to do it on designated 
days of the week or  year, or on various religious occasions. At this juncture, it is important to 
emphasize that this review focuses on Intermittent Fasting (IF) & its role in cardiometabolic 
diseases.

The beneficial roles of fasting for human health were known by as early as the 5th century BC, 
when Greek physician Hippocrates recommended abstinence from eating or drinking  for certain 
illnesses. Positive physiological effects of fasting were noticed  in the latter part of the 19th 
century, when some organized studies on fasting were carried out in animals and humans. At 
the beginning of the 20th century, knowledge about nutrition and  nutritional requirements of 
the human body became available, leading to a wide array of approaches where fasting was used 
in the prevention and treatment of diseases. But, the  mechanism behind the beneficial effects of 
fasting on human health remained unclear. It is only in the last few decades that the favorable role 
of IF on adaptive cellular responses leading to reduced oxidative damage and inflammation has 
been demonstrated, leading to cellular protection by optimizing energy metabolism.1
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ABSTRACT
Medically speaking fasting could be defined as the ability of the body to meet its macro and micro nutrients 
requirements  during either shortage or absence of food during a limited period of time. In human beings 
Intermittent Fasting (IF) regimens are most widely studied fasting methods with significant medical benefits. 
IF in humans ameliorates multiple metabolic & hormonal factors that are implicated in the pathogenesis of 
atherosclerosis, type II DM, obesity, cardiovascular diseases, neuro- degenerative & cancerous illnesses, which are 
the leading causes of morbidity, disability and mortality in human beings. These health benefits of intermittent 
fasting are not just the result of weight loss or reduced free radical production. Instead intermittent fasting 
triggers evolutionarily developed and preserved adaptive cellular responses that evolved billions of years ago in 
prokaryotes and allows mammals including humans in preventing and treating diseases and having favorable 
effects on aging, as IF improves glucose regulation, increases stress resistance, suppresses inflammation, promotes 
cellular autophagy and leads to cells engage in tissue specific processes of growth, repair and plasticity. G-K switch 
is supposed to play a major role in this process. Overall evidence suggests that IF regimens are not harmful in 
healthy normal weight, overweight, or obese adults.
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HOW FASTING COULD BE DEFINED 
Medically speaking, fasting could be defined as the ability 
to meet the body’s macro and micronutrient requirements  
during a limited period of either shortage or absence of food 
by using the energy reserves of the body without affecting 
health. The fasting process may be complete or partial, 
lengthy or  short  or intermittent. Fasting is distinct from 
caloric restriction (CR), in which the daily caloric intake 
is reduced by 20-40%, but meal frequency is maintained. 
Starvation,  is a state of chronic nutritional insufficiency, but 
is also used to define extreme forms of fasting, which can 
result in degeneration and even death.

TYPES OF INTERMITTENT FASTING 
In human beings, IF regimens are the most widely studied 
fasting methods with significant medical benefits. Commonly 
prevalent intermittent fasting methods are as follows–

The Circadian rhythm fasting - The circadian rhythm diet, 
also known as the body clock diet, is basically a form of a 
time-restricted eating plan where one eats in synchronization 
with the body’s internal clock. Food is consumed during the 
day, within a window of 12 hours or less, and  the remaining 
12 hours or more are dedicated to fasting. The fast may begin 
at 7, 8 or 9 pm and end at 7, 8 or 9 am. To get maximum 
benefits from this type of an eating pattern, one should 
finish their last meal before sunset or a little after sunset, i.e. 
dinner by 6.30 or, maximum by 7 pm. This dietary pattern is 
followed by the Jain community. Circadian misalignment a 
condition that is highly prevalent in shift workers, resulting 
in a decrease in leptin, an increase in glucose and insulin, an 
increase in mean arterial blood pressure, and reduced sleep 
efficiency.2 If one is not hungry after the completion of the 12 
hours fast, then they  can extend their fasting period to 13, 14, 
15 or 16 hours, according to what suits their body. Later on, 
this method could be clubbed with the 16:8 fasting method 
for one or two days of the week.

Time Restricted Feeding (TRF) - Also known as 16:8 Fasting, 
it is a type of IF that focuses on eating within a particular 
window of time. TRF involves limiting food intake to fixed 
hours. In most  studies, an 8 hour window has been suggested. 
In this method of Intermittent Fasting 16 hours of the day are 
dedicated to fasting, and  food consumption is restricted to 
an eight-hour window. There are no food restrictions during 
this eight-hour window. Time restriction may vary according 
to individual preferences and lifestyle; people may choose 
one of the following 8 hour eating windows (1) 9 a.m. to 5 
p.m. (2)10 a.m. to 6 p.m. or (3) 12 p.m. to 8 p.m. within this 
food window three healthy meals should be consumed.3 This 
method has become popular in recent years, and it shows 

promise as a possible new paradigm in the approach to weight 
loss and other potential long-term health benefits in “Cardio 
metabolic Diseases”.

Alternate day fasting (ADF) - For the more advanced IF 
participants, fasting every alternate day for a full 24-hour 
period is an option. ADF consists of alternating the days in 
which the calorie consumption limit is 75% of normal. The so 
called “fast day” and “feeding day”, during which food is eaten 
ad libitum (at one’s pleasure). IF helps reduce the body weight 
and is cardio protective, probably because of the reduction of 
visceral fat due to increased adiponectin concentration and 
decreased leptin and  LDL concentration.

5:2 intermittent fasting (fasting 2 days each week)- In this type 
of IF, participants spend five days of the week eating regularly 
while restricting intake to 500 calories only  two days of the 
week. One could spread this out over the week, for example, 
restriction calories on  In Periodic Fasting (PF), fasting cycles 
last two or more days and are at least a week apart, while in 
IF, cycles usually last 24 hours and are one to few days apart. 
It is advisable that the five regular eating days include healthy 
food. Reducing caloric intake to just 25% on fasting days could 
be achieved by eating three smaller meals,  breakfast and late 
lunch, or one single meal. One should consume foods high in 
fiber and protein in order to stay satiiated on fasting days.4 In 
a recently published study by Templeman et al.5, it was found 
that alternate-day fasting is less effective in reducing body fat  
than a matched degree of daily energy restriction. 

MECHANISM OF BENEFICIAL EFFECTS OF 
INTERMITTENT FASTING (INTERMITTENT 
METABOLIC SWITCHING)
Every time we consume food, the glycogen stores in our 
liver are replenished; liver glycogen provides about 700-900 
calories of energy through glucose, an amount that lasts 
about 10 to14 hrs in individuals who are not exercising. 
This period is sufficient to cause depletion of liver glycogen 
stores and trigger a metabolic switch so that adipose cells 
release fatty acids, which are converted  to ketone bodies 
β-hydroxybutyrate and acetoacetate in the liver. In humans, 
ketone levels start rising 10 to 12 hours after the onset of 
fasting. This transition from the utilization of carbohydrates 
and glucose to fatty acids and ketones as the major cellular 
fuel source is referred to as the ‘G-to-K switch’.6 As exercise 
accelerates the depletion of liver glycogen stores, it hastens 
the onset of the G-to-K switch, for example, this metabolic 
switching may occur 4 hours after a recent meal in someone 
who exercises or runs for 1 hour (during which time he uses 
approximately 600 calories). While one is restricting calories 
for a period of time, cells modulate their working to resist 
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stress. This is achieved by a reduction in insulin signaling 
and overall protein synthesis. Ketone bodies, act as potent 
signaling molecules with positive effects on cell and organ 
functions by altering major cellular pathways that are known 
to influence health and aging.

On recovery from fasting, the cells switch back to glucose 
for their energy (‘K-to-G switch’). This causes an increase 
in glucose levels; ketone levels fall, cells increase protein 
synthesis and undergo repair by up-regulating autophagy to 
remove damaged molecules and recycling their components. 
Studies in animals and humans have shown that many of 
the health benefits of IF are not simply the result of weight 
loss or reduced free radical production.7,8 IF  triggers the old 
evolutionarily developed and conserved adaptive cellular 
responses, between and within organs,  such  that they 
improve glucose regulation and increase stress resistance, 
leading to engagement of cells in tissue-specific processes 
of growth, plasticity and suppression of inflammation.9 
These cellular and molecular mechanisms responsible for 
the protective effects of calorie restriction  evolved billions 
of years ago in prokaryotes when they were attempting to 
survive in very hostile environments largely devoid of energy 
sources. This process has been passed over the generations.10 
In experimental conditions, food reduction has been shown 
to extend Drosophila longevity. Similarly in various animal 
experiments on mice and rats, the positive effects of 20-40% 
CR on ageing and diseases have been observed. It seems that 
a similar alternate metabolic program that evolved billions 
of years ago in microorganisms allows mammals, including 
humans, to prevent and treat diseases and has a favorable 
effect on ageing.11

IF activates stress-induced pathways and increases the 
transcription of stress-induced proteins such as Heat 
Shock Protein (HSP). They get attached to unfolded or 
misfolded proteins and restore normal configurations. 
They have anti-inflammatory and anti-apoptotic properties. 
Elevations in HSPs mitigate insulin resistance, glucose 
intolerance, & hyperglycemia in animal studies as well.12 
Cellular senescence is associated with an accumulation of 
malfunctioning constituents inside the cell due to reduced 
autophagy, a process by which distorted molecules and 
impaired organelles are eliminated. IF promotes cellular 
autophagy by stimulating sirtuin-1 activity,  helps in 
reverting this process, and maintains cellular rejuvenation.13 
Another suggested mechanism for the beneficial effects 
of fasting is reduced levels of  Advanced Glycation 
End products (AGEs) that result from non-enzymatic 
attachments of carbohydrate molecules to proteins, lipids, or 
nucleic acids during normal metabolism  There is increased 
production or reduced excretion of AGEs in diabetes, where 
this can initiate several pathophysiological processes. In 

experimental studies mice exposed to a diet low in AGEs 
have extended mean and maximum life spans.14 IF increases 
adiponectin levels in humans and laboratory animals; they 
are adipose-secreted proteins which are inversely related to 
body weight, adiposity, and insulin resistance. It modulates 
insulin activity and reduces beta-cell dysfunction. Diabetic 
patients are found to have lower levels of adiponectin. It 
is hypothesized that the propensity of adiponectin to shift 
metabolism from glucose to fat prevents oxidative stress and 
promotes longevity.15 

ROLE OF INTERMITTENT FASTING IN 
CARDIOMETABOLIC DISEASES 
Cardio-metabolic diseases, in general, are a group of common 
but often preventable conditions including, coronary artery 
disease, cerebrovascular diseases, hypertension, diabetes, 
dyslipidemia, non-alcoholic fatty liver disease (NAFLD) 
and insulin resistance - Which seems to be common to all of 
them. In recent times, there has been a definitive increase in 
the number of people experiencing one or more of the above 
conditions during their lifetime. 

Obesity and Dyslipidemia- There have been multiple reports 
on the role of IF in decreasing body weight and improving 
glucose metabolism and dyslipedemia.  IF has been shown 
to lower both overall fat mass &  dangerous visceral fat. 
Under fasting conditions, the subcutaneous fat undergoes 
a change to become more like visceral fat, making it easier 
to access & use as energy.  Populations on the island of 
Okinawa in Japan who maintain a regimen of IF have low 
rates of obesity, diabetes mellitus and they are found to have 
extreme longevity.16 In a recently published meta-analysis 
of randomized controlled trials (RCTs) in the Chinese 
population, TRF eating was found to be the most adopted 
IF protocol followed by ADF. The IF intervention has been 
shown to reduce the body weight along with body fat mass, 
insulin resistance, low-density lipoprotein cholesterol and 
triglycerides levels in a significant manner when compared 
with control groups.17 One more recent systematic review 
and meta-analysis found that participants who followed time 
restricted Eating demonstrated a reduction in body weight, 
body mass index, waist circumference and whole body fat 
mass (WBFM). Improvements in cardiometabolic risk factors, 
such as a decrease in insulin concentrations, total cholesterol 
and LDL concentrations, were also observed. It was therefore 
concluded that IF is useful for weight loss and improvements 
in cardiometabolic risk factors.18

Diabetes Mellitus- IF increases the sensitivity of tissues to 
insulin by increasing B-cells of the pancreatic islets. Members 
of the (Calorie restriction with optimal nutrition diet) CRON 
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Society who follow have low rates of diabetes mellitus.19 In 
a few recent studies, daily caloric restrictions or 4:3 IF has 
been found to reverse insulin resistance in patients with type 
II diabetes and pre-diabetes even without weight loss.20 In A 
recently published Annual Review of Nutrition, IF was found 
to be a safe diet therapy that can produce clinically significant 
weight loss in overweight or obese individuals. These 
regimens may also improve some aspects of cardiometabolic 
health, such as blood pressure, insulin resistance, and 
markers of oxidative stress. It was suggested by the authors 
that individuals should choose a fasting approach that they 
can most easily incorporate into their lifestyle to reap the 
long-term benefits of fasting.21

Cardiovascular disease - The IF diet positively affects many risk 
factors for the development of CV diseases; it decreases body 
mass and has a positive influence on lipid profile; it reduces 
the concentration of total cholesterol, triglycerides, and LDL 
cholesterol. IF inhibits the development of atherosclerotic 
plaque by reducing the concentration of inflammatory 
markers such as IL-6, homocysteine, and C-reactive protein 
(CRP), and by favorably altering levels of adipokines, such 
as an increase in adiponectin, decrease in leptin and resistin 
concentrations. It results in the lowering of resting heart rate 
and blood pressure; it limits cardiac hypertrophy and reduces 
the incidence of myocardial infarction.22 Recent data from 
CALERIE-2 study has also shown that mild CR for 2 years 
had no negative effects on health related quality of life, based 
on assessments of vitality, mental health and bodily pain.23 

Data from the CRON Society members shows that all 
cardiometabolic risk factors such as BP, Serum TNFα, IL6, 
fasting glucose, insulin, and insulin sensitivity are remarkably 
low in them; they had almost undetectable CR Pin their serum. 
Their intima media thickness of the common carotid arteries 
was significantly low, and they had better echocardiographic 
markers of left ventricular diastolic function and improved 
autonomic function. After nearly a century of research on CR 
in animals, the overall conclusion is that reduced food intake 
robustly increases their life span. In humans, IF ameliorates 
obesity, insulin resistance, dyslipidemia, hypertension and 
inflammation.24

Non alcoholic fatty liver disease- NAFLD is a growing concern 
globally owing to its rising prevalence and its association 
with various metabolic derangements. IF has been getting 
increased attention as a dietary modification to address 
weight management and to achieve improved metabolic 
wellbeing, and  its potential beneficial effects on NAFLD. In 
a recent meta-analysis some studies suggested that IF may 
have  benefits for NAFLD, but the evidence is still limited 
and inconclusive.25  In animal studies by Lin X, IF has been 
found to be useful in reducing the impact of Non-alcoholic 
steatohepatitis in high fat and high cholesterol diet fed mice.26

CONCLUSION
IF triggers alternate metabolic programs that evolved billions 
of years ago in prokaryotes in energy scarce situations. The 
same mechanisms seem to operating in humans  render a 
helping hand in preventing and treating diseases, and having 
favorable effects on aging. These evolutionarily developed 
and conserved adaptive cellular responses are integrated 
between and within organs in such a manner  that it improves 
glucose regulation, increases stress resistance and promotes 
cellular autophagy. This leads to the  engagement of cells in 
the processes of growth, repair and plasticity and suppresses 
inflammation. The G to K switch is supposed to play a 
major role in this process. CR with adequate nutrition in 
humans results in some of the same metabolic and molecular 
adaptations that have been shown to improve health and retard 
the accumulation of molecular damage in animal models 
of longevity. IF in humans ameliorates multiple metabolic 
& hormonal factors that are implicated in the pathogenesis 
of atherosclerosis, type II DM, obesity & cardiovascular 
diseases, leading to favorable effects on morbidity, disability 
and mortality in human beings. Overall evidence suggests 
that IFregimens are not harmful physically or mentally in 
healthy, normal weight, overweight, or obese adults.
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