MAF Exercise
Heart Rate
How it can help
improve health and
sports performance
This paper defines the MAF HR, discusses its
importance, and relates it to other standard
physiological parameters.
Dr. Philip Maffetone

I. Introduction

Heart-rate monitoring is
essential to exercise
prescription by health
practitioners, coaches,
athletes and others.
It helps individuals track their relative exercise
intensity in real time. The MAF Method1 uses
heart-rate monitoring to help individuals exercise
at an intensity that allows them to maintain and
improve health while also creating lasting
fitness gains.
Besides being easily measurable by chest-strap,
wrist, and other types of monitors, the heart rate
corresponds to various physiological markers
of metabolic activity, including substrate
utilization (the use of different metabolic fuels
to power activity).2, 3, 4
Substrate utilization, typically measured through
gas-exchange parameters such as respiratory
exchange ratio (RER), is an excellent indicator
of relative activity levels. At the highest level of
exercise intensity, the greatest amount of fuel is
provided by glucose and its derivatives (stored
glycogen, lactate, and blood glucose), which
we refer to in shorthand as “sugar.” In the lower
ends of activity, a larger percentage of energy is
provided by free fatty acids and triglycerides —
which we shorten in this paper to “fats.” However,
aerobically fit athletes still burn fat at a high
intensity of activity (see Table 1).

Table 1
Percentage of fat- and sugar-burning with
related RER and heart rate (HR) in an
aerobically fit and healthy athlete.
HR
127
133
135
137
141
146
153
153
155
164
169

RER
.79
.80
.82
.83
.84
.82
.85
.85
.87
.87
.90

%Fat
70
67
60
56
53
60
50
50
42
42
32

%Sugar
30
33
40
44
47
40
50
50
58
58
68

At 155 HR this athlete can run 5:25 per mile pace. Note the
continued use of fat for energy even at a relatively
high-intensity HR of 169.

Defining ‘MAF HR’
The MAF Method looks at critical changes
in substrate utilization to define “low-intensity
exercise” in opposition to “high-intensity
exercise”:
Low-intensity exercise is associated
with high fat-burning (called Fatmax),
and high-intensity exercise is associated
with reduced fat-burning and high
sugar-burning. Some authors also use
Fatmax as a threshold measure for exercise
prescription, often referring to it as aerobic
threshold (AerT).3, 4, 5
Because of the correspondence of heart rate
to markers of substrate utilization and other
metabolic activity, the MAF Method identifies the
Maximum Aerobic Function Heart Rate (MAF HR)
as the heart rate which corresponds with AerT
and Fatmax. As we shall see, AerT, Fatmax,
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and consequently the MAF HR, indicate where
the body is most advantageously positioned to:

•

•
Reap health benefits from exercise.
•	Develop the aerobic system to increase
work rate (running speed, cycling power,
etc.) and performance.
•	Improve the physiological systems
necessary to recover from exercise of
all intensities.

•

Estimation of Exercise
Intensity
Exercise prescribed according to relative intensity
is a mainstay in exercise science literature. It
is intended to produce exercise stress that is
approximately equivalent between individuals
with different absolute exercise capacities.6 The
traditional and common approach has often been
to prescribe exercise intensity as a percentage
of maximum oxygen consumption (VO2max) or
maximum heart rate (HRmax).
Exercise intensity prescribed at a percentage
of these parameters does not necessarily place
individuals at an equivalent intensity above
resting levels. Some individuals will fall above
or below metabolic thresholds of substrate
utilization at the same percentage of VO2max
or HRmax.
Furthermore, the most widely used estimation
methods of exercise intensity by many exercisers
observe subjective parameters (such as the
“talk-test”) or statistical observations about
a population that have no allowances for
individualization (such as heart-rate zones, the
220 Formula and others). In addition, most
individuals do not accurately obtain VO2max,
HRmax, RER or other physiological parameters
with which to calculate a training intensity.
As such, the MAF Method proposes separating
exercise intensity in terms of substrate utilization:

Aerobic: a lower-intensity activity with
high fat-burning (and sugar-sparing)
potential.
Anaerobic: a higher-intensity, lower fatburning and higher sugar-burning activity.

Exercising at a Lower Intensity
The overwhelming majority of exercise should
occur at a low intensity to keep the body
healthy, build the aerobic system and improve
fat-burning.7 Modern humans are physiologically
better adapted to exercise intensities similar to
ones their hominid ancestors evolved with rather
than those supported by modern societies. These
would have included daily bouts of prolonged,
low-intensity, aerobic-based activities, which are
primarily fueled by the body’s long-term energy
source: fats.8 Lower-intensity exercise has been
described as “regenerative”3 since it activates and
develops the organs, systems, and processes that
together exhibit a series of interrelated functions.
These include:
•
•
•
•

Endurance exercise capabilities.9, 10
Protection from metabolic syndrome.11, 12, 13
Recovery from high-intensity activity.14, 15
Resilience to oxidative stress (aging).16

All these abilities stem from the body’s ability to
reliably and continuously draw from an abundant
fuel source (fats) and a near-limitless supply of
reactant (oxygen).
A high level of fat-burning bolsters the
metabolism and creates positive health outcomes
due to its epigenetic effects on gene expression.17
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The diverse mechanisms implicated in these
abilities include the respiratory and cardiovascular
systems (lungs, heart and blood vessels), but
most importantly the slow-twitch aerobic (Type I)
muscle fibers which, in addition to oxidizing fats,18
assist anaerobic (Type II) muscle fibers in their
function during high-intensity efforts.14
High-intensity activity is associated with using a
more powerful fuel (sugar) which is nevertheless
much more limited than fats. Using sugar for
energy allows the body to increase its energy
production and work rate far beyond what the
rate of oxygen uptake allows. When the rate of
sugar usage exceeds the supply of oxygen, this
sugar is burned anaerobically, or outside the
presence of oxygen.
Anaerobic function creates higher levels of
physical and biochemical stress,16 decreases
immune function19, 20 and muscle repair,21 increases
inflammation,22 increases the risk of muscle
injury (most common in fast-twitch fibers),23 and
impairs fat-burning.24 These conditions are also
associated with poor (or a lack of) recovery, and
are common components of and contributors to
the overtraining syndrome.25
Greater fat oxidation is therefore a hallmark
of low-intensity training and aerobic activity.
It corresponds to a lower RER, and occurs
at a lower percentage of maximum oxygen
consumption (VO2max) than sugar-burning
(typically around 75 percent, although health,
fitness, age and other factors can raise or lower
this number).3 As activity levels (and therefore
RER and oxygen consumption) rise, so does
sugar-burning.
Because anaerobic activity impairs fat-burning,
we can extrapolate that Fatmax occurs just
before the onset of anaerobic activity and the
production of its main by-product, lactate.3 The
onset of increasing lactate is also indicative of the
start of glycogen depletion.26
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As noted above, this point is referred to as the
aerobic threshold (AerT) and Fatmax, which
coincides with the MAF HR.

Calculating the MAF HR:
The 180 Formula
The AerT is located at an exercise intensity that is
often described as a percentage of VO2max. This is
sometimes referenced as 75 percent but it varies
with and is largely determined by endurance
training and subsequent fitness, health status
and age.3, 27 For example, AerT occurs at a lower
percentage for those who are untrained, ill, or
elderly. Values may be slightly higher for very well
trained elite athletes (such as an AerT of 80%+ of
VO2max), and lower for untrained individuals (AerT
as low as 55% of VO2max). The AerT occurs at a
higher percentage for adolescents, and at a lower
percentage for those over age 60.28
After a few years of determining the MAF HR in
individuals via an array of clinical assessments,
including age, a comprehensive physical
evaluation, gait analysis, health and fitness
history, with confirmation using measures of
gas exchange,29 it became clear that a heart
rate equivalent to 180-age could constitute the
beginnings of a potential formula for determining
a person’s MAF HR (see Table 2). The 180
Formula indicates that certain modifications
must be made depending on a person’s health
and fitness status. These idiosyncrasies influence
where the AerT and Fatmax, and therefore the
MAF HR, will occur.

Table 2
The 180 Formula for determining MAF HR
Subtract your age from 180, then modify
from one of the categories below:
a. If you have or are recovering from a
major illness (heart disease, any operation
or hospital stay, etc.) or are on any regular
medication, subtract an additional 10.
b. If you are injured, have regressed in
training or competition, get more than two
colds or bouts of flu or other infection per
year, have seasonal allergies or asthma,
or if you have been inconsistent or are
just getting back into training, subtract an
additional 5.
c. If you have been training consistently
(at least four times weekly) for up to two
years without any of the problems just
mentioned, keep the number (180-age) as
maximum.
d. If you have been training for more than
two years without any of the problems
listed above, and have made progress in
athletic competition without injury, add 5.
Exemptions:
The 180 Formula may need to be further
individualized for athletes over the age of
65. For some, up to 10 beats may have to
be added for those in category (d) in the
180 Formula, and depending on individual
levels of fitness and health. This does
not mean 10 should automatically be
added, but that an honest self-assessment
is important.

Prescribing Aerobic Exercise
Speed or power at the MAF HR is an important
physiological predictor of endurance
performance. Studies show that submax
thresholds are the best predictors of endurance
performance in runners, cyclists, race walkers
and other athletes, as well as in the performance
of untrained people.30, 31
The MAF Test was developed in order to track
the improvement of the aerobic system across
time (see Table 3). For a runner, this test
may consist of a 3- to 5-mile run on an oval,
400-meter track, while recording the time per
mile (or kilometer). The MAF Test should be
preceded by a 15-minute warm-up and performed
under consistent conditions (same shoes,
weather, time of day, etc.) Other activities can
also be used for the MAF Test, including cycling
and rowing by measuring power, swimming by
measuring laps, etc.

Table 3
MAF Test report of a runner performing
on an outdoor track.
Mile 1
Mile 2
Mile 3
Mile 4
Mile 5

April
8:21
8:27
8:38
8:44
8:49

May
8:11
8:18
8:26
8:33
8:39

June
7:57
8:05
8:10
8:17
8:24

July
7:44
7:52
7:59
8:09
8:15

For athletes 16 years of age and under, the
formula is not applicable; rather, a heart
rate of 165 may be best.
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Increasing speed at the same submax HR
translates to improvement in aerobic function
and fat-burning, and can predict faster race
performances.32 It has also been long known that
aerobic contribution to energy during maximal
exercise such as competition is significant, and
increases with the duration of the event.30
See Table 4.

Table 4.
Contribution of aerobic and anaerobic
energy during maximal physical exercise
(adapted from Astrand PO and Rodahl K,15
and McArdle et al.18).
Time (minutes) of maximal exercise (including
competition)
% aerobic:
% anaerobic:

2
50
50

4
65
35

10
85
15

30
95
5

60
98
2

120
99
1

The 180 Formula is not a replacement for
properly executed laboratory tests that
determine the AerT, Fatmax and other metrics,
although it usually corresponds with them. Given
that the 180 Formula is applicable to a majority
of the population, it can help individuals monitor
workouts, improve fitness and build health. This
makes it very useful to those who do not have
access to regular laboratory testing.
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