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Intermittent Fasting:  
A Faster Way to a Longer Life?

Introduction
Intermittent fasting, which once was strictly in the purview of religion 

and health fads, has undergone a rapid increase in scientific interest. 
Studies now demonstrate the positive impact that various methods of 
intermittent fasting can have on overall health. These changes in health 
are not limited to weight loss, which is probably the most common reason 
people become interested in fasting, but include increased cell survival, 
change in body composition (fat loss), improved cognition, and improved 
lipid and glucose metabolism. Intermittent fasting also is an easily deploy-
able method that doctors can teach their patients to aid them in becoming 
healthier. Finally, intermittent fasting is one of the few health “techniques” 
that bridge the often-arbitrary divides placed between eating, sleeping, 
and exercising, all of which are critical components to overall health.

Benefits of Intermittent Fasting
There has been a dramatic increase in the scientific interest in inter-

mittent fasting over the past several years, culminating in a New England 
Journal of Medicine review article in December 2019.1 Initially, intermit-
tent fasting typically was thought of only as a religious practice or as a 
new health fad, but recent scientific studies have demonstrated its impact 
on multiple health parameters. Furthermore, its attractiveness is its ease 
of implementation. Intermittent fasting is arguably the least “restrictive” 
of any weight loss plan, since it does not mandate the elimination of large 
groups of foods like the vegan or ketogenic programs. Thus, it may be 
easier to maintain long term. In a study of intermittent fasting vs. daily 
caloric restriction, intermittent fasting was well tolerated. Of 142 obese 
women who were screened for enrollment, only 12% could not tolerate the 
two-day trial period.2 At the end of the trial, at four months, only 2.7% of 
the intermittent fasting group withdrew as a result of problems adhering 
to the diet, while 7.5% of the daily caloric group withdrew. 

Although weight loss is important because of the worldwide obesity 
epidemic, intermittent fasting offers more advantages than just strict 
weight loss.3 There are favorable body composition changes (i.e., fat loss).4 
Similar to exercise, there is an increase in brain-derived neurotrophic 
factor (BDNF) secretion and cognitive improvement.5 (See Table 1 for 
abbreviations and def initions related to intermittent fasting.) Furthermore, 
lipid and glucose metabolism both are improved.6 Finally, the low-level 
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EXECUTIVE SUMMARY
Intermittent fasting is a nutritional concept that has been gaining scientific credibility. In addition to weight-loss purposes, other 
advantages include favorable body composition changes, improvement in lipid and glucose metabolism, and enhanced cellular 
survival. Unlike most diets, intermittent fasting is free, simple, requires no extensive food choice changes, and may be more sustainable 
long term.

 z Intermittent fasting has been studied through several 
common approaches: alternate day fasting; 5:2 fasting, 
typically two days per week; and time-restricted feeding, such 
as 16:8 hours.

 z In a recently published study of patients with metabolic 
syndrome, the subjects lost weight, lost fat, decreased 
waist circumference, increased sleep duration, and lowered 
blood pressure, low-density lipoprotein cholesterol, and 
hemoglobin A1c.

 z Intermittent fasting results in fat loss and maintains muscle 
mass and strength. Studies have demonstrated muscle mass 
is more predictive of mortality than fat mass, and high muscle 
mass is protective against high fat mass.

periodic stress that intermittent fast-
ing affords actually improves cellular 
stress resistance.4,5 (See Table 2.) 

Intermittent fasting also interacts 
with and bridges three of the most 
commonly targeted areas of health: 
food, exercise, and sleep. This review 
will discuss how employing a strategy 
of intermittent fasting can enhance 
all three of these areas.

What Is Intermittent 
Fasting?

Intermittent fasting is a program 
of restricting calories based on time. 
Fasting does not mean a total lack 

of food; it can mean a reduction of 
food/calories taken in over a certain 
length of time. Also, water and cof-
fee typically are not counted in most 
fasting programs. The terms “fasting” 
or “time-restricted feeding” can be 
used interchangeably, depending on 
the provider’s preference. 

Part of the challenge of studying 
intermittent fasting is that there are 
almost unlimited ways to accomplish 
some degree of fasting. The most 
commonly studied approaches are:

1. Alternate day fast (ADF): Total 
fast from food two to three days per 
week or every other day.

2. 5:2: Eat normally five days a 
week but reduce calories to 500 (for 
women) or 600 (for men) two days 
per week. Typically, these are set days, 
such as Tuesday and Thursday, but 
can be tailored to each individual’s 
needs.

3. Time-restricted feeding or fast-
ing (TRF): The most common exam-
ple of this is 16:8, which is eating (or 
feeding) for eight hours per day and 
fasting for the other 16 hours.

As in any program, and in paral-
lel to exercise, it probably would be 
prudent to slowly build up to the 
goals listed here. (See Table 3 for some 

Table 1. Abbreviations and Definitions

Term Abbreviation Definition

Alternate day fasting ADF Program of fasting every other day

Caloric restriction CR Reducing overall caloric intake on a daily basis. Typical diet plan.

Excess post-exercise 
oxygen consumption EPOC Ability to induce increased calorie and fat oxidation after exercise has ceased

High-intensity interval 
training HIIT Excerise program of alternating short, hard efforts with periods of recovery

Intermittent fasting IF Program of having periods of reduced caloric intake based on days or hour of 
the day

Time-restricted feeding or 
fasting TRF Fasting based on hours of the day. Example: 16:8 refers to 16 hours of fasting 

and 8 hours of feeding.
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examples of how to prescribe this pro-
gram to your patients. Also see patient 
handout on page 75.) An example 
for alternate day fasting would be 
to fast one day per week for several 
weeks before adding a second day. 
For the 5:2 plan, calorie restriction 
could begin at 1,500 calories on 
fasting days for several weeks, then 
reduce to 1,000 calories, and finally 
to the target goal of 500-600 calories, 
depending on gender. Finally, for the 
time-restricted programs, an example 

would be to start off fasting for 12 
hours per day for several weeks and 
then decrease the feeding time by 
two hours until reaching the goal of 
16 hours of fasting every day. 

More than Just Calorie 
Restriction

There is a wealth of data show-
ing that calorie restriction (CR) is a 
potent means to prolong life.1,4 This 
should come as no surprise, with 
the plateauing of American lifespan 

coinciding with the aforementioned 
increase in obesity.3,7 Reducing 
caloric intake is a mainstay of weight 
loss. 

In the well-done, randomized 
CALORIE trial, a 12% reduction in 
caloric intake was associated with 
almost all the health benefits already 
listed for intermittent fasting.8 This 
calls into question whether CR alone 
is enough, or whether the periods 
of intermittent stress add further 
benefit. 

Low-level stressors activate our 
cellular survival systems, priming 
them for when they are challenged 
again. Two examples help to explain 
this concept. One is the adage that 
“whatever doesn’t kill you will make 
you stronger.” If you can survive a 
stressor, you will know what to expect 
and be better prepared, mentally and 
physically, for it next time. 

The other example is exercise. 
Exercise is a low-level stressor that 
allows us to tolerate and better 
withstand a similar stressor the next 
time we are challenged by it. The 
best-known examples of intermit-
tent stress that have been studied are 
intermittent fasting, exercise, and 
cold exposure. 

The intermittent nature of the 
stressor is important. If the stressor 
is not relieved, then untoward effects 
will ensue. If the fasting period con-
tinues unabated, then starvation will 
occur. If exercise is not followed by 
rest and recovery, overtraining syn-
drome or injury typically follows. 
Finally, if a person has prolonged 
cold exposure, this will lead to frost-
bite and tissue damage, which is the 
exact opposite of the therapeutic tar-
get sought. (See Table 4.)

Further supporting this concept 
are several studies that have demon-
strated that other low-level chronic 
stressors are associated with impaired 
physiologic responses and increased 
adverse outcomes. These include, 
but are not limited to, unhappy mar-
riages,9,10 work stress,11 and small 
particulate air pollution.12,13 The 
intermittent nature, in comparison 
to even low levels of chronic stress, 
appear to be important. 

Table 2. Benefits of Intermittent Fasting

Category Benefits

Behavioral

• Easy to implement
• Can be used in combination with other lifestyle 

interventions (dietary and/or exercise)
• Reduces hunger over time
• Improves mood and cognition

Physiologic
• Reduces blood pressure
• Reduces glucose, insulin, and HbA1c levels
• Reduces LDL cholesterol levels

Morphometric

• Reduces overall weight
• Results in fat loss, reduces waist circumference and 

visceral fat
• Preserves lean muscle mass

HbA1c: hemoglobin A1c; LDL: low-density lipoprotein

Table 3. Examples of Intermittent Fasting Prescriptions

Alternate Day 
Fasting (ADF) 5:2 Time-Restricted Feeding or 

Fasting (TRF)

Initial Fast 1 day/week Reduce to 1,500 
calories/day,  
1 day/week

12 hours fasting, 5 days/week

Month 2 Fast 1 day/week Reduce to 1,000 
calories/day, 
1 day/week

14 hours fasting, 5 days/week

Month 3 Fast 2 days/
week

Reduce to 1,000 
calories/day, 
2 days/week

16 hours fasting, 5 days/week

Target 
Goal

Fast 2-3 days/
week

Reduce to 500 
calories/day, 
2 days/week

16 hours fasting, 6 days/week
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This pattern of low-level intermit-
tent stress has been elegantly termed 
“metabolic switching.”4 Metabolic 
switching occurs when the body 
switches, or flips, from glucose 
metabolism to free fatty acid and 
ketone metabolism. In the case of 
CR, this usually does not occur, but 
typically happens with intermittent 
fasting. In comparison to simple 
CR, intermittent fasting (16:8), 
in an eight-week trial of healthy 
resistance-training males, led to a 
significantly lower respiratory ratio 
and decreased fat mass, while pre-
serving lean muscle mass and muscle 
strength.14 In comparison, straight 
CR, without causing a metabolic 
switch, did result in weight loss and 
fat loss, but also lean muscle loss 
over time.15 That being said, CR is 
an essential and necessary part of 
intermittent fasting. Two well-done 
studies have demonstrated that iso-
caloric diets, even restricted by time, 
did not lead to favorable biometric 
or physiologic changes. While there 
was fat loss in both studies, blood 
pressure and low-density lipoprotein 
(LDL) cholesterol both rose in one 
study, and glucose tolerance worsened 
in another study testing a single large 
isocaloric meal.16,17

An excellent study of intermittent 
fasting was published in January 2020 
by Wilkinson et al.6 The researchers 
studied a group of patients diagnosed 
with metabolic syndrome and who 
already were taking pharmacologic 
blood pressure and cholesterol treat-
ments. The intervention was to allow 
feeding for only 10 hours per day 
(or to fast for 14 hours per day). 

The subjects could pick the times of 
the day to not eat, as long as it was 
continuous. In three months, the 
subjects lost weight (an average of 
7.3 pounds) and fat; decreased waist 
circumference; lowered blood pres-
sure, LDL cholesterol, and hemoglo-
bin A1c levels; and slightly increased 
sleep duration. What is most impres-
sive about this study is that subjects 
did not alter the quality of their diets 
— they were asked to keep eating the 
same things they typically ate. They 
also were not started on any new 
exercise program; the only differ-
ence was when they ate. This study is 
exciting, not only for the results, but 
for the ease with which those results 
were achieved. On average, the par-
ticipants’ level of CR was only 8.6%. 
This was estimated by taking pho-
tographs of everything they ate and 
having the pictures analyzed by the 
research staff. This is important, since 
there have been significant criticisms 
of memory recall data used in dietary 
studies.18 In fact, an entire issue of 
the Annals of Internal Medicine was 
devoted to critically examining the 
data on meat intake and outcomes, 
concluding that published data were 
of low scientific quality and, thus, 
leading to the reversal of previous 
recommendations to reduce red and 
processed meat intake.19 Debating 
those findings and recommendations 
is outside the scope of this review. 

Intermittent Fasting  
and Sleep

The study by Wilkinson et al 
shows how easy intermittent fast-
ing can be, but there is another way 

to make it even more accessible and 
successful for patients who are not 
getting enough sleep — increase 
sleep time.6 The easiest way to fast is 
to sleep. Even when we sleep, calories 
still are being consumed as a result of 
our resting metabolic rate. The more 
you sleep, the longer you are fasting, 
and the more calories that are being 
consumed. One-third of Americans 
do not get enough sleep, with an 
optimal sleep duration of between six 
and nine hours.20 Both less sleep than 
this amount and more sleep are asso-
ciated with increased cardiovascular 
events and death.21 Every hour less 
than ideal amount of sleep was asso-
ciated with a 20% increase in the risk 
of myocardial infarction (MI). Every 
hour of sleep more than the ideal 
range was even more harmful, with 
a 34% relative risk increase in MI. 
Even when compared to traditional 
risk factors, sleep duration continued 
to be an independent risk factor for 
cardiovascular events.22

There is a notion that staying 
awake longer is superior to sleep 
in caloric output and weight loss. 
Although this may be true regard-
ing basal metabolic rate, behavior-
ally it most likely is incorrect. In a 
well-done study, participants were 
subjected to total sleep deprivation 
for one night.23 Their food intake 
was cataloged during that night 
and the next day. Also, they under-
went functional magnetic resonance 
imaging (MRI). The researchers 
discovered several key findings. The 
sleep-deprived subjects consumed, 
on average, about 1,000 calories 
while they were sleep-deprived. They 

Table 4. The Importance of the Intermittent Nature of Stress

Stressor Minimum Intermittent Stress 
(Metabolic Switching)

Chronic, Unrelenting Stress (Overdose of Stressor)

Fasting 8 hours fasting, 5 days/month Malnutrition, starving

Exercise 10-15 minutes Overtraining syndrome, injury

Cold exposure 10 minutes Frostbite, tissue damage, and possible loss
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also had their reward centers acti-
vated on their functional MRI scans. 
Furthermore, the following day they 
consumed more calories than the 
control group, and typically sought 
out more fatty foods (thought to be 
related to the activation of the reward 
centers in their brains). Thus, overall 
there was more calorie intake and 
poor calorie quality associated with 
a lack of sleep. Although not directly 
measured in this study, beyond 
reward activation (“I deserve it”), 
there most likely would be reduced 
willpower and resistance to poor food 
choices with poor sleep. Another fac-
tor that was not measured was exer-
cise the day after sleep deprivation. 
It stands to reason that many people 
would be too tired to engage in exer-
cise after poor sleep, thus further 
affecting their health adversely.

The Metabolic Factor
A recent study followed the contes-

tants from season eight of the televi-
sion show “The Biggest Loser” after 
they left the ranch.24 The researchers 
discovered several interesting find-
ings. The average weight loss at the 
end of the season was 58.3 kg. All of 
the contestants gained weight after 
leaving the show; the average gain 
was 41.0 kg. Only one contestant 
did not regain significant weight, 
and that most likely was the result 
of undergoing gastric bypass surgery. 
The measured resting metabolic rate 
decreased by 610 kcal per day by 
season’s end compared to before the 
competition started. At six years, the 
average decrease in resting metabolic 
rate had decreased further and was, 
on average, -704 kcal per day lower 
than at the start of the competition. 
One person had cut his caloric intake 
to 800 calories per day and still was 
gaining weight.

What was the explanation? At the 
ranch, the contestants had a profes-
sional chef cook them a healthy, 
1,800-calorie-a-day diet. They had 
personal trainers help them exercise 
several hours every day. As they lost 
weight, they did not need as much 
energy, so their resting metabolic rate 
dropped significantly. Also, they had 
lost mostly fat but had not gained 

much muscle mass, which is meta-
bolically more active than fat. Finally, 
they moved back home from the 
ranch and back to real life with jobs, 
stress, prepping their own meals, and 
exercising on their own.

Weight loss leads to the activation 
of mechanisms to maintain weight 
and protect against further loss — 
the well-known process of homeosta-
sis. The body does not need to burn 
as many calories as before weight loss 
and further reduces metabolism to 
save more calories. The same process 
applies to exercise.

There are two main theories about 
caloric expenditure with exercise. 
One is that calories burned are in 
a linear relationship with exercise 
time and effort, called the “additive 
theory.” The other theory is known as 
the “constrained theory” of exercise 
energy expenditure. 

In one study, researchers using 
radioactively tagged water to measure 
metabolism found that after a certain 
point, calorie burning started to pla-
teau.25 Energy/calories burned does 
not happen in a linear relationship 
with exercise time. Similar to what 
the body does when it faces reduced 
caloric intake, the body tries to save 
calories during times of increased 
caloric expenditure — another exam-
ple of homeostasis. So, what happens 
in exercise is that you actually do 
come face-to-face with the law of 
diminishing returns regarding weight 
loss.

Another way the body tries to 
achieve homeostasis is to release 
hunger hormones. Not only does 
the body slow down metabolism and 
energy expenditure in response to 
diet and exercise, it also produces 
hormones that signal the brain to 
eat. Even after one year of stable 
weight loss, there was a persistent 
elevation in the levels of hormones 
(i.e., ghrelin) that stimulate hunger.26 
Subjective hunger, as measured by a 
survey, was expectedly elevated over 
one year after weight loss. Obviously, 
fighting against being hormon-
ally and biochemically hungry and 
conservation of calories by the 
body’s homeostatic mechanisms are 

potential reasons for weight loss pla-
teauing and eventual failure.

Intermittent fasting, in the short 
term, decreases production of leptin, 
an anti-hunger hormone that tells the 
brain that it does not need to eat.14 
Interestingly, over time, intermittent 
fasting increases leptin in a similar 
fashion as intermittent cold expo-
sure activates brown adipose tissue, 
both of which increase leptin levels.27 
Furthermore, beta-blocker therapy 
blocks the intracellular signaling cas-
cade that leads to leptin production, 
thus possibly representing another 
way these agents contribute to weight 
gain.28

Simple CR, and even prolonged 
bouts of exercise, typically are not 
strong enough stimuli to reduce 
weight and burn fat. That is why 
protocols that can “flip the metabolic 
switch,” such as intermittent fasting, 
have become increasingly attractive. 

Weight Loss, Fat Loss, 
or Maintenance of Lean 
Muscle: Which Is Most 
Important?

CR, intermittent fasting, and exer-
cise often are initiated with a goal 
of weight loss. What target should 
be tracked most and is the most 
important: weight loss, fat loss, and/
or lean muscle mass? Which, of any 
of these, should be the main target? 
As demonstrated by the “Biggest 
Loser” study, fat mass loss with little 
lean muscle mass gain was associated 
with significant reductions in basal 
metabolic rates and, thus, increas-
ing difficulty in maintaining weight 
loss.24 Furthermore, simple CR not 
only leads to fat loss, but also to lean 
muscle mass loss.15 Intermittent fast-
ing also resulted in loss of fat, but 
maintained muscle mass and muscu-
lar strength.14 

But does body composition influ-
ence health beyond weight or body 
mass index? Studies have shown that 
muscle mass is more predictive of 
mortality than fat mass. Grouped by 
high or low muscle and high or low 
fat, there was almost a 20% reduction 
in mortality in the two groups with 
high muscle mass vs. those with low 

http://ReliasMedia.com


70     Primary Care Reports / June 2020  ReliasMedia.com

muscle mass, regardless of percent 
body fat.29 High muscle mass actually 
was protective against high fat mass. 

Muscle mass and strength are 
important factors in health. Although 
the emphasis typically has been 
placed on cardiorespiratory fitness 
(CRF), muscle strength is more pre-
dictive of cardiovascular survival.30 A 
recent study stratified subjects by not 
only CRF status, but also by muscu-
lar strength determined by a pre-set 
group of resistance exercises. The 
groups in the highest tertile of mus-
cular strength had ~ 50% lower event 
rates regardless of their CRF status. 
In fact, simple measures of strength, 
such as grip strength testing, have 
been shown to be predictive as well, 
even when applied to genetic risk.31 
In this study, measured CRF and 
strength were highly associated with 
risk modification across all genetic 
groups, but self-reported levels of 
physical activity were less strongly 
associated with risk. Compared with 
the highest strength tertile to the 
lowest one, there was ~ 50% risk 
reduction across all three genetic risk 
groups. Although fat and weight loss 
are important, maintenance of lean 
muscle mass is at least equally impor-
tant, if not more so.

Intermittent fasting is an easy, reli-
able, and sustainable way to achieve 
fat loss with minimal to no effect on 
muscle mass. Typically, ketosis begins 
within eight hours of fasting and 
continues to climb with further fast-
ing, reaching significant levels before 
24 hours of fasting.4,32,33 The more 
prolonged the fast, the greater the 
degree of ketosis. There have been 
multiple trials addressing the specific 
issue of intermittent fasting proto-
cols and their differential effects on 
both fat loss and lean muscle mass. 
This was concisely reviewed and, 
overall, time-restricted fasting (TRF) 
and alternate day fasting (ADF) 
both result in fat loss, but TRF was 
more consistently associated with 
maintained lean muscle mass.4 ADF 
protocols were found to demonstrate 
mixed results, with some studies 
showing muscle mass loss and oth-
ers showing none. This should not 

be taken as conclusive, since only 
four studies of TRF and 10 studies of 
ADF on human subjects have been 
published regarding their effect spe-
cifically on lean muscle mass. 

Intermittent Fasting 
with Exercise: Possible 
Additive or Synergistic 
Effects in Fat Oxidation

Exercise and intermittent fasting 
initiate many of the same intracel-
lular pathways. Could there be an 
additive or synergistic effect on fat 
metabolism?

A meta-analysis of 27 studies look-
ing at aerobic exercise in a fasted or 
fed state demonstrated significantly 
favorable metabolic effects. The 
results demonstrated that exercis-
ing in a fasted state results in lower 
insulin production, decreased glu-
cose levels, and increased fat oxida-
tion compared to exercising in a fed 
state.34 Specifically, to subtypes of 
intermittent fasting, ADF was stud-
ied with endurance exercise. There 
were four groups: ADF, exercise, 
combined ADF with exercise, and 
the control group. Over a 12-week 
period, the combined group had 
greater weight loss, greater fat loss, 
greater reduction in waist circumfer-
ence, and greater LDL cholesterol 
reduction.35

A similar effect was seen with re-
sistance exercise. A group of National 
Collegiate Athletic Association 
female athletes exercised either in a 
fed or 10-hour fasted state and then 
had their metabolic parameters mea-
sured. The fasted group had a lower 
respiratory exchange ratio consistent 
with increased fat metabolism.36 Even 
a single bout of overnight fasting 
(eight to 12 hours) resulted in short-
term changes in fat oxidation during 
the following exercise session.37

EPOC: How to Oxidize Fat 
While Not Exercising

Intermittent fasting has been 
shown to enhance fat oxidation when 
combined with both endurance and 
resistance training. Although not 
directly related to intermittent fast-
ing, it is worthwhile to briefly discuss 

the differential effects of various 
exercise programs on fat oxidation, 
independent of fasting.  

The U.S. Department of Health 
and Human Services and the 
American Heart Association both 
advocate for 150-300 minutes of 
moderate or 75-150 minutes of vig-
orous physical activity each week, or 
a combination of the two.38 Running 
is one of the most popular types of 
exercise.39 It is associated with mul-
tiple health benefits and an excess 
longevity of three years compared 
to non-runners. Running commonly 
is the first type of exercise done for 
weight loss.40 

Excess post-exercise oxygen con-
sumption (EPOC) is the condi-
tion in which a prolonged period of 
increased caloric expenditure occurs 
after exercise is completed, typi-
cally supported by fat oxidation.41 
Typically, this is intensity- and 
duration-driven. Compared to steady 
state running, several alterations in 
exercise programs can cause EPOC, 
many of which are timesaving as well. 

The first potential alteration is an 
increase in intensity. A single vigor-
ous, 45-minute cycling session not 
only burns an average of 519 kcal, 
but increases metabolism (EPOC) 
for 14 hours afterward.42 This results 
in an additional 190 kcal consumed. 
This may not seem significant, but it 
represents an additional 37% caloric 
expenditure for the same exercise 
session. Taken another way, this 
increases the effectiveness of the 
exercise time by 37%.

An even more efficient way to 
induce EPOC is high-intensity 
interval training (HIIT). HIIT con-
sists of a warm-up period, and then 
alternating periods of hard and easy 
exercise (running, biking, cycling, 
rowing, etc.). 

A recent, large meta-analysis 
demonstrated that HIIT reduced 
abdominal, visceral, and overall fat 
mass significantly, regardless of gen-
der.43 The effects of HIIT can be 
seen within two weeks.44 Compared 
to baseline, seven days of HIIT over 
two weeks led to a 13% increase in 
VO2 max and increased whole body 
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fax oxidation by 36%. Furthermore, 
a single session of HIIT can induce 
EPOC.45 In this study, five cycles 
of 30 seconds of vigorous cycling 
were separated by four minutes of 
recovery. This single protocol did not 
affect resting metabolic rate but did 
increase total daily energy expendi-
ture significantly, by 10% (225 kcal). 
Moreover, EPOC lasted almost 24 
hours, with the greatest period three 
to four hours post-exercise.

As mentioned previously, muscle 
mass and strength are impor-
tant determinants of health.29-31 
Resistance training is an obvious 
way to increase lean muscle mass 
and strength. What generally is 
not known is the ability of resis-
tance training to induce EPOC 
and increase fat loss. A 31-minute, 
four-cycle resistance program of 
bench press, power cleans, and squats 
increased oxygen consumption and 
kept it elevated for more than 38 
hours.46 A review of 16 studies exam-
ining EPOC post-resistance training 
found that circuit training may be 
the superior method to induce and 
increase EPOC.47

Exercise Performance 
While Fasting

There has been tremendous inter-
est in intermittent fasting not only 
for all the reasons discussed previ-
ously, but in particular for improved 
performance during endurance 
exercise, specifically marathon and 
ultramarathon distances. The notion 
of becoming “fat adapted” (the state 
in which the body burns fat, rather 
than carbohydrates, for fuel) also is a 
key reason for the popularity of the 
ketogenic diet in the ultramarathon 
community. 

In a meta-analysis of 46 studies, 
researchers looked at both metabo-
lism and exercise performance in a 
fasted state.48 Most studies showed 
favorable short-term effects in fat 
metabolism and some chronic adap-
tations as well, consistent with the 
aforementioned studies, but the data 
on performance were mixed. 

More than half the studies showed 
some benefit of exercising in a fasted 
state, but the differences were not 
significant overall. 

Conversely to the expected out-
come, exercise performance in the 

fasting state was inferior for pro-
longed exercise sessions lasting more 
than 60 minutes. Of note, all the 
studies in this meta-analysis involved 
acute bouts of fasting before exercise, 
with the longest fasting period being 
44 hours.

In another study, not included in 
the previously referenced meta-anal-
ysis, investigators looked at chronic 
adaption of fasting and its effect on 
exercise. This study involved consis-
tent fasting over a six-week period. 
The researchers were able to demon-
strate that subjects who consistently 
trained in a fasted state had improved 
performance, which may relate to 
the time it takes for metabolism to 
become fat adapted.49 The mecha-
nisms thought to be related to this 
improved performance were increased 
fat oxidation (21% increase vs. 6% 
increase in the fed state compared to 
baseline) and prevention of glucose 
concentration reduction during exer-
cise in the chronically fasting group. 

A study of mice showed that inter-
mittent fasting can enhance the abil-
ity of exercise to induce ketosis and 
increase the number of mitochondria 
in muscle cells seen by biopsy.50

Table 5. Differential Effects of Lifestyle Interventions

Weight Loss Increased Fat Oxidation Lean Muscle Mass EPOC BDNF Production 
and Improved Cognition

CR + + +/- NA +

IF + ++
+++ when coupled with 
any exercise

+ for TRF
+/- for ADF

NA +

Steady State 
Endurance Training

+ + + +/- +

HIIT ++ ++ + ++ +

Resistance Training + +++ +++ +++ +

Scale: + mild, ++ moderate, +++ most

EPOC: excess post-exercise oxygen consumption; BDNF: brain-derived neurotropic factor; CR: calorie restriction; IF: intermittent fasting; TRF: time-restricted 
feeding or fasting; ADF: alternate day fasting; HIIT: high-intensity interval training
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Brain-Derived 
Neurotropic Factor  
and Cognitive Function

Exercise is well described to affect 
cellular and molecular systems in the 
brain, causing structural changes, all 
leading to improvement in behav-
ioral, emotional, and cognitive func-
tion.51 The critical messenger for 
these neurologic benefits is BDNF.52 
Blockade of this pathway in animal 
models either eliminated or signifi-
cantly blocked the effects of exercise 
on neurologic function.53,54 

Intermittent metabolic switching, 
by either exercise or intermittent 
fasting, increases BDNF produc-
tion.55 BDNF, regardless of how 
it is transcriptionally activated, is 
associated with energy homeostasis, 
cognition, mood, and neuroprotec-
tion. Many of the pathways involved 
in neuroplasticity and neurologic 
resistance to stress similarly are acti-
vated by either exercise or intermit-
tent fasting.5 Unlike with what is 
known about the combined effects 
of intermittent fasting with exercise 
on fat oxidation, it is not clear if this 
combination has an additive or syn-
ergistic effect on neurologic function 
and health. 

Summary
Intermittent fasting is relatively 

simple, sustainable, and typically can 
be added to other dietary programs. 
It is a simple way to get the benefit 
of calorie restriction and weight loss, 
but further manipulates metabo-
lism in favorable ways. An obvious 
method to pair with intermittent 
fasting is increased sleep, which will 
shorten the awake fasting period. 

Intermittent fasting also increases 
fat metabolism, and when paired 
with exercise, seems to create an 
additive or synergistic effect. (See 
Table 5.) 

Finally, intermittent fasting helps 
to counteract the activated hormonal 
and biochemical milieu that occurs 
with dieting and weight loss, thus 
helping the program be more sus-
tainable and successful.
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CME Questions
1.  Which of the following is a critical 

component of intermittent fasting?
a. Fasting at least eight hours per 

day
b. Some degree of caloric  

restriction

c. Increased sleep time
d. Improved diet quality

2.  Which of the following is the most 
predictive factor for overall health?
a. Cardiorespiratory fitness
b. Reported amount of physical 

activity
c. Muscular strength
d. Body mass

3.  Which exercise program is the most 
efficient for oxidizing fat via excess 
post-exercise oxygen consumption?
a. Slow jogging
b. High-intensity interval training
c. Resistance training
d. Circuit training with weights

4.  Which is the easiest way to enhance 
fat oxidation?
a. Exercise
b. Decrease sleep to increase caloric 

expenditure
c. Follow intermittent fasting
d. Restrict daily caloric intake (diet)

5.  Which is not a homeostatic 
mechanism of the body?
a. Constrained energy use with 

exercise
b. Decreased resting metabolic rate 

with weight loss

c. Metabolic switching
d. Reward center activation post-

sleep deprivation
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Intermittent Fasting: How to Get Started

What is intermittent fasting?
Intermittent fasting is a way to get healthier by eating less, but based on when you eat, not what you 
eat.

What are the benefits?  
It is easy to do, and can be done in combination with other lifestyle changes. Intermittent fasting helps 
reduce blood pressure, cholesterol, blood sugar, weight, and body fat. It also helps memory, mood, and 
mentation.

How do you do it?  
There are several methods of intermittent fasting:

1. Alternate day fast (ADF)
This involves a total fast from food two to three days per week or every other day.

2. 5:2
Eat normally five days per week, but reduce calories to 500 (for women) or 600 (for men) two days per 
week. Typically, these are set days, such as Tuesday and Thursday, but the program can be tailored to 
each individual’s needs. You can eat two to three small meals, two smaller-than-normal meals, or one 
meal per day.

3. Time-restricted feeding or fasting (TRF)
The most common example of this is 16:8, which is eating (or feeding) for eight hours per day and 
fasting for the other 16 hours.  An easy way to do this is to skip breakfast or dinner.

Water, coffee, and tea are allowed. Minimal to no calories should be consumed during the fasting 
period (avoid sweet tea, sugar in coffee, etc.).

Sample Plans

Alternate Day Fasting 
(ADF)

5:2 Time-Restricted Feeding  
or Fasting (TRF)

Initial Fast 1 day/week Reduce to 1,500 calories/day,  
1 day/week

12 hours fasting 5 days/week

Month 2 Fast 1 day/week Reduce to 1,000 calories/day, 
1 day/week

14 hours fasting, 5 days/week

Month 3 Fast 2 days/week Reduce to 1,000 calories/day, 
2 days/week

16 hours fasting, 5 days/week

Target Goal Fast 2-3 days/week Reduce to 500 calories/day, 
2 days/week

16 hours fasting, 6 days/week
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