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A growing trend in the always-evolving
fitness world involves the use of heart rate
(HR) training zones to develop exercise
programming, with some fitness facilities
using this concept as the foundation of
their brand and group-based programming
options.

Table 1
Training Intensity Zones for the General Population
Intensity Zone

%HRmax

%HRR

<57

<30

Light

57–63

30–39

Moderate

64–76

40–59

Vigorous

77–95

60–89

96–100

90–100

Very Light

These facilities use equations to predict each member’s
maximal heart rate (HRmax), and members wear HR
monitors throughout each workout and are told to stay
within a certain training zone.
While building a club around this idea may be relatively
new, the underlying concept is not. More than six
decades ago, Karvonen, Kentala and Mustala (1957)
discussed the use of target HR range based on an
exerciser’s HRmax or HR reserve (HRR).
The best way to determine HRmax is with a graded
exercise test, though this is not always feasible in a fitness
facility and can present risk for elderly, sick or sedentary
individuals. Therefore, equations have been derived to
predict HRmax, most of which are based on age.
The zones themselves can be defined for different
populations. For example, the American College of Sports
Medicine (2018) defines zones for the general population
using a percentage of either HRmax or HRR (Table 1).
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Near-maximal to Maximal

Note: %HRmax = Percentage of maximal heart rate; %HRR = Percentage
of heart-rate reserve
Source: American College of Sports Medicine (2018). ACSM’s Guidelines for
Exercise Testing and Prescription (10th ed.). Philadelphia: Wolters Kluwer.

To determine the accuracy of HR-based zone training
using predicted HRmax, ACE called on John Porcari, PhD,
and his research team in the Department of Exercise and
Sport Science at the University of Wisconsin–La Crosse, to
compare it to measured HRmax.

The Study
The researchers recruited 28 volunteers between the
ages of 18 and 25. While several prediction equations
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exist, the researchers chose to use an equation developed

Table 2

by Gellish and colleagues (2007), which has a standard

Descriptive Characteristics of the Subjects (n = 26)

deviation of ±5 to 8 beats per minute, to estimate each
subject’s HRmax:
Predicted HRmax = 207 – 0.7 (age)
From that prediction, target HRs were calculated that
would place the subject in the middle of each of five training
zones, which are based on training intensity zones for
athletes as defined by Edwards (1992):
ÎÎ Zone 1 = 50–59% HRmax
ÎÎ Zone 2 = 60–69% HRmax

Female (n = 13)*

Male (n = 13)*

Age (years)

21.2 ± 2.42

20.3 ± 1.11

Height (inches)

63.7 ± 1.64

71.2 ± 2.82

136.0 ± 11.79

186.0 ± 18.79

50.9 ± 5.00

58.4 ± 5.53

Weight (pounds)
•

VO2max (mL/kg/min)

* Data are reported as mean ± standard deviation
•

Note: VO2max = Maximal oxygen uptake

ÎÎ Zone 3 = 70–79% HRmax

The average measured HRmax of the subjects was 192 ±

ÎÎ Zone 4 = 80–89% HRmax

6.6 bpm, while the average predicted HRmax was 193 ± 1.3

ÎÎ Zone 5 = 90–100% HRmax

bpm. There was no significant difference between these two

The subjects completed a 35-minute exercise bout on
a motorized treadmill that was divided into seven fiveminute segments, run consecutively. The training zones for
the seven segments were as follows: 1, 3, 2, 4, 2, 5 and 2.
During pilot testing, it was found that exercisers could not
reasonably achieve zone 1 HRs after the warm-up period,
which is why zone 1 is not included in the later stages.
To enable the subjects to achieve the target HR, the
speed and grade of the treadmill were adjusted during
each five-minute segment. Heart rate was monitored
throughout the session and recorded at the 4:30 and 5:00
marks of each five-minute segment. These two HRs were
then averaged to determine the exercise HR for each of the
seven segments. Ratings of perceived exertion (RPE) were
assessed at the end of each five-minute segment using the
Borg (1973) 6 to 20 scale.
Each subject also completed an incremental maximal
exercise test on the treadmill to determine actual HRmax
•

and maximal oxygen uptake (VO2max). The test started at
a self-selected walking or running speed on a treadmill at

a 0% grade. The grade was increased by 2.5% every two
minutes until the subject reached volitional fatigue. HRmax
was defined as the highest HR observed at any point during
•

the test and VO2max was defined as the highest continuous
•

30-second measurement of VO2 during the test.

The Results
Of the 28 subjects, 26 completed the study (Table 2).
One was removed because of technical difficulties with the
HR monitor and one because the subject did not achieve a

values. In addition, it was found that 14 subjects (54%) had
a measured HRmax greater than their predicted HRmax
and 12 subjects (46%) saw the opposite result.
Collectively, exercise HR was collected 182 times (7
exercise segments x 26 subjects). Of those 182 times,
subjects’ exercise HRs were in the correct zone based
on their predicted HRmax 82% of the time (150/182).
When measured HRs were above the targeted zone, HR
was found to be off by an average of 4 ± 5.3 bpm. When
measured HRs were below the targeted zone, HR was
found to be off by an average of 6 ± 3.0 bpm.

The Bottom Line
The results suggest that even when HR-based training
zones are determined based on predicted HRmax values
versus measured HRmax values, subjects were in the
correct zone the majority of the time (82%). When
subjects’ exercise HRs fell outside the target zone, it was
not off by a large amount and resulted in training being
off by only one zone.
It is important to remember, however, that one of the
limitations of zone-based training is that the range of heart
rates needed to be within a particular zone is quite large.
For example, for a 21-year-old subject, predicted HRmax
using the Gellish equation would be 192 bpm. To exercise
within zone 4 (80–89% of HRmax), this subject’s HR could
range from 153 to 170 bpm. Remember, the goal was to
have subjects’ HRs fall in the middle of each zone, in this
case 162 bpm. This means that this subject would have to
be off by ±9 bpm to be outside the target zone.
A potential problem with using a predicted HRmax for

respiratory exchange ratio >1.0 during the maximal exercise

zone training is that because of the individual variation

test, which indicates a less than maximal effort.

in HRmax, there is no way to truly know if an exerciser
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is working in the correct zone. If
someone has a higher HRmax than
is predicted by the equation, he or
she will be exercising at an intensity
that is lower than intended and will
not achieve the desired benefits of
training. This situation often leads to
dissatisfaction in the programming
and an increased possibility of
dropout. This is far from ideal, but
the opposite scenario is much more

“Teaching clients to use
RPE reduces the risk
of someone pushing
themselves too hard in
order to reach a
target heart rate.”

problematic. If a client has a lower
HRmax than is predicted, he or she may have difficulty
reaching the target zone and overexert themselves in an
effort to reach a predetermined value.
“This could be an absolute catastrophe,” says Dr. Porcari,
the lead researcher. “You couple this situation with the
super-motivated clients who often use this type of training
and you’re setting up the client for disaster.”
For this reason, Dr. Porcari recommends that health and
exercise professionals who are using equations to predict
HRmax for their clients do so in conjunction with the use
of RPE. “The truth is,” says Dr. Porcari, “you have no idea of
an individual’s actual maximal heart rate when using any
equation and the risk of being wrong is just too important.
Teaching clients to use RPE reduces the risk of someone

used in this research has a standard
deviation of ±5 to 8 bpm. While
the simplicity of using the “220 –
age” formula may be tempting, the
difference in accuracy can have a
meaningful impact on your clients’
response to exercise programming.
________________________________
Daniel J. Green is ACE’s Senior Project
Manager and Editor for Publications
and Content Development. In addition
to his work with organizations including

the International Association of Fire Fighters and Agriculture
Future of America, Daniel writes an ongoing blog series covering
lifestyle change for NBCbetter.com. He has also written feature
articles for local publications in Western North Carolina (WNC),
including WNC Parent and WNC Magazine.
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