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Objective To compare the predicted and actual maximal heart rate (HRmax) values in the cardiopulmonary
exercise test (CPET).
Methods We retrospectively investigated 1,060 patients who underwent a CPET between January 2016 and April
2020 at our institution’s cardiopulmonary rehabilitation center. The following patients were included: those aged
>20 years, those tested with a treadmill, and those who underwent symptom-limited maximum exercise testing—
reaching ≥85% of the predicted HRmax (62% if taking beta-blockers) and highest respiratory exchange ratio ≥1.1.
Ultimately, 827 patients were included in this study. Data on diagnosis, history of taking beta-blockers, age, body
mass index (BMI), and CPET parameters were collected. Subgroup analysis was performed according to age, betablockers, BMI (low <18.5 kg/m2, normal, and high ≥25 kg/m2), and risk classification.
Results There was a significant difference between the actual HRmax and the predicted value (p<0.001). Betablocker administration resulted in a significant difference in the actual HRmax (p<0.001). There were significant
differences in the moderate-to-high-risk and low-risk groups and the normal BMI and high BMI groups (p<0.001).
There was no significant difference between the elderly and younger groups. We suggest new formulae for
HRmax of cardiopulmonary patients: estimated HRmax=183-0.76×age (the beta-blocker group) and etimated
HRmax=210-0.91×age (the non-beta-blocker group).
Conclusion Age-predicted HRmax was significantly different from the actual HRmax of patients with
cardiopulmonary disease, especially in the beta-blocker group. For participants with high BMI and moderate-tosevere risk, the actual HRmax was significantly lower than the predicted HRmax.
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INTRODUCTION

formed consent was waived due to retrospective study.

An adequate exercise intensity must be determined
to prescribe exercise for patients with cardiopulmonary
diseases. Heart rate increases in proportion to exercise
intensity and is an indicator used to set the exercise intensity [1-3]. Resting heart rate (HR) and maximal heart
rate (HRmax) must be first evaluated by conducting a
cardiopulmonary exercise test (CPET) to determine the
target heart rate during exercise [4,5]. However, a CPET
requires costly equipment, space, and skilled examiners,
which are not readily available in every hospital [6].
In such cases, predicted HRmax may be used. Aging
leads to decreased physiological functions and HRmax.
Accordingly, HRmax is estimated using age. In clinical
settings, HRmax=220-age [7] is widely used [8]. However,
this formula had serious limitations [9]. This formula
was developed based on 11 references with small sample
sizes. A recent study also questioned the limitations of
this formula [10]. Therefore, many researchers presented
an alternative formula to calculate HRmax using data of
large sample size: 206.3-0.711×age [11] and 217-0.85×age
[12].
However, these estimated formulas still have considerations. All the above papers estimated HRmax for healthy
college-aged participants. However, patients with cardiopulmonary disease may have different hemodynamic
responses. In addition, the number of patients aged over
70 years is gradually increasing, and their hemodynamic
response may be different from that of younger patients
[13]. However, there is a lack of studies on the feasibility
of previously developed HRmax estimation in patients
with cardiopulmonary diseases.
Therefore, this study retrospectively analyzed CPET
data of cardiopulmonary patients to see if the existing
prediction method of HRmax could reflect the actual
HRmax, as it is extremely important for appropriate exercise prescriptions.

Study population
We investigated 1,981 records of 1,060 patients who performed a CPET from January 2016 to April 2020 at our institution’s cardiopulmonary rehabilitation center. When a
patient performed the test several times, the record with
the highest peak respiratory exchange ratio (RER) value
was adopted because it was judged that sufficient exercise was performed. A total of 719 male and 341 female
patients aged between 15 and 87 years were included. All
participants underwent clinical examination by a physician. Before a CPET, the history of medications such as
the use of beta-blockers, antiplatelet agents, angiotensinconverting enzyme inhibitors, diuretics, and statins was
investigated and inserted into the CPET result sheet.
Inclusion criteria
The following patients were included in this study: (1)
patients diagnosed with cardiopulmonary disease, (2)
patients aged over 20 years, (3) patients who performed
a CPET using a treadmill, and (4) patients who underwent a symptom-limited maximal exercise test—i.e.,
symptom-limited maximum exercise testing was defined
as reaching more than 85% of the predicted HRmax (62%
if taking beta-blockers [14-16]) and RER of ≥1.1.

MATERIALS AND METHODS

Exclusion criteria
As the test was conducted on patients with cardiopulmonary diseases, certain tests were terminated early for
different reasons, and the heart rate could not be accurately measured due to arrhythmia. Data of patients who
satisfied the following were excluded to include only the
data of those who appropriately performed maximum
exercise testing: (1) those who failed to reach 85% of the
predicted HRmax (62% if on beta-blockers), (2) patients
with the highest RER of <1.1, (3) patients with an abnormal heart rate response due to arrhythmia, (4) patients
under the age of 20 years, and (5) patients whose HRmax
was measured using an ergometer.

Patients
This was a single-center retrospective study that analyzed the medical records of 1,060 patients. This study
was approved by the Institutional Review Board of Pusan
National University Hospital (No. 2109-020-107). The in-

CPET
CPET using a CASE Treadmill (GE Healthcare, Chicago,
IL, USA) was performed using either the modified Bruce
protocol or Naughton protocol, according to the physical
function of the patients. The test was terminated when
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the patient became physically exhausted from maximal
exercise or met the discontinuation criteria according
to the American Thoracic Society. Oxygen intake (VO2)
and carbon dioxide emission (VCO2) during exercise
were assessed by the breath-by-breath method using
a Quark-CPET gas analyzer (COSMED, Albano Laziale,
Rome, Italy). The collected gas was then used to evaluate the peak oxygen uptake (VO2peak), RER, and minute
ventilation-carbon dioxide production relationship slope
(VE/VCO2 slope). Twelve-lead electrocardiograms (CASE,
GE Healthcare) were recorded during the pre-exercise
phase, exercise phase, and up to 5 minutes in the recovery phase. Blood pressure and HR were measured using a
Tango M2 sphygmomanometer (Suntech-Medical, Morrisville, NC, USA) during each phase. Rating of perceived
exertion (RPE) was evaluated during each stage. HRmax
was measured to assess whether 85% of the predicted
HRmax was reached (62% for patients on beta-blockers).
After performing maximum exercise and stopping, a
cool-down period of 5 minutes was given.
Group classification
Patients were grouped according to their characteristics. The patients were divided into two groups based on
their age. Patients aged over 70 years were defined as the
elderly group. Patients were also divided into the cardiac and pulmonary disease groups. In the cardiac and
pulmonary disease groups, patients were classified according to the severity of the disease using the American
Association of Cardiovascular and Pulmonary Rehabilitation (AACVPR) guidelines and Michele’s criteria, respectively [17].
Patients with a body mass index (BMI) of <18.5 kg/m2,
18.5–25 kg/m2, and ≥25 kg/m2 were classified into the underweight, normal, and overweight groups, respectively.
By examining the history of the drug being taken, the patients were divided into two groups according to whether
they were taking beta-blockers.
A total of 827 patients were included in the final analysis, and the baseline characteristics of the participants
are shown in Table 1.
Statistical analyses
Descriptive statistics of continuous variables are presented as the mean and standard deviation (SD). Linear
regression models were used to determine the associa-

tion between HRmax and age. All possible sub-models
were fit. The best model was selected according to Mallows’ Cp statistic. This method, which takes into consideration the number of possible predictor variables, allows
one to select the model that best fits the data.
Approximate residual normality and homoscedasticity were also checked. Prediction intervals from this
model were compared with the actual HRmax with the
HRmax=220-age. A p-value of <0.05 was considered statistically significant.
We used the independent t-test to analyze the participants’ characteristics and the chi-square test to compare
based on the BMI and risk classification between groups.
Within and between groups, the effect of beta-blockers
was analyzed by one-way analysis of variance (ANOVA).

Table 1. Baseline characteristics of the patients (n=827)
Characteristic
Age (yr)
<70
≥70
Sex
Male
Female
Height (cm)
Weight (kg)
BMI (kg/m2)
<18.5
18.5–25
≥25
Average BMI
Underlying disease
Cardiac disease
Acute coronary syndrome
Heart failure
Others
Pulmonary diseases
Lung cancer
COPD
Others
Taking beta-blockers
Atrial fibrillation

Value
620 (75.0)
207 (25.0)
570 (68.9)
257 (31.1)
166.02
66.12
25 (3.0)
492 (59.5)
310 (37.5)
24.27
537 (64.9)
337 (62.8)
153 (28.5)
47 (8.8)
290 (35.1)
181(62.4)
65 (22.4)
44 (15.2)
396 (47.9)
41 (5.0)

Values are presented as number (%).
BMI, body mass index; COPD, chronic obstructive pulmonary disease.
www.e-arm.org
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We used the Bonferroni correction and least significant
difference (LSD) to perform multiple post-hoc tests. The
significance level was set at p<0.05. All statistical tests
were performed using SPSS version 22.0 for Windows
(IBM, Armonk, NY, USA).

RESULTS
CPET data of 827 patients were analyzed. The mean
age of the participants was 60.29±12.63 years, and 570
participants (68.9%) were males. Among the participants, 207 (25.0%) belonged to the elderly group. Actual
HRmax measured through testing varied from 91 to 199
beats per minute (bpm) with a mean±SD of 146.56±20.46
bpm. Predicted HRmax predicted using HRmax=220–
age ranged between 133 and 200 bpm with a mean±SD of
159.71±12.63 bpm. Actual HRmax was significantly lower
than the predicted HRmax in all participants (p<0.001),
and there was no difference according to age (Table 2,
Fig. 1).
A total of 396 participants (47.9%) were taking betablockers. HRmax was significantly lower in the betablocker group than in the non-beta-blocker group
(137.97±21.06 vs. 154.46±16.30, p<0.001). It was the same

in each subgroup (Table 3). As shown in Fig. 2, the results
were plotted on scatterplots used to derive new equations
predicting the actual HRmax. Depending on whether beta-blockers were taken, two equations were derived (estimated HRmax=183-0.76×age in the beta-blocker group,
210-0.91×age in the non-beta-blocker group) (Fig. 2).
Among all participants, 537 (64.9%) were in the cardiac
disease group and 290 (35.1%) were in the pulmonary
disease group, respectively. The most common cardiac
disease was acute coronary syndrome (62.8%), and
the most common pulmonary disease was lung cancer
(62.4%). In both groups, the actual HRmax was significantly lower than the predicted HRmax (p<0.001 for both
groups).
There were 492, 25, and 310 patients in the normal BMI,
low BMI, and high BMI groups, respectively. In the betablocker group, the actual HRmax was significantly lower
than the predicted HRmax in all groups (p<0.05). In particular, in the beta-blocker group, a significant difference
between the actual HRmax and the predicted HRmax was
confirmed between the normal BMI and high BMI groups
(Table 4).
A total of 371 (44.9%), 364 (44.0%), and 92 (11.1%) participants were classified into the low-, moderate-, and

Table 2. Comparison of the beta-blocker group and non-beta-blocker group
Factor
Sex
Male
Female
Age (yr)
<70
≥70
BMI (kg/m2)
<18.5
18.5–25
≥25
Actual HRmax (bpm)
Predicted HRmax (bpm)
Risk classification
Low risk
Moderate risk
High risk

Beta-blocker group (n=396)

Non-beta-blocker group (n=431)

298 (75.3)
98 (24.7)
59.56±12.47
306 (77.3)
90 (22.7)
24.90±3.40
8 (2.0)
214 (54.0)
174 (43.9)
137.97±21.06
160.44±12.47

272 (63.1)
159 (36.9)
60.97±12.76
314 (72.9)
117 (27.1)
23.70±2.89
17 (3.9)
278 (64.5)
136 (31.6)
154.46±16.30
159.03±12.76

93 (23.5)
236 (59.6)
67 (16.9)

278 (64.5)
128 (29.7)
25 (5.8)

Values are presented as number (%) or mean±standard deviation.
BMI, body mass index; HRmax, maximal heart rate.
*p<0.05 (the independent t-test for continuous variables and chi-square test for categorical variables).
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p-value

0.109
0.166
<0.001*
<0.001*

<0.001*
0.109
<0.001*
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high-risk group, respectively. The difference between the
actual HRmax and predicted HRmax was significant in
all risk groups, and the difference was smaller in the lowrisk group than in the moderate- and high-risk groups
(p<0.001).

DISCUSSION
The primary goal of this study was to confirm whether
the predicted HRmax using HRmax=220-age was reliable
in patients with cardiopulmonary diseases. The secondary goal was to determine whether, in addition to age,
beta-blocker use, health condition, and disease severity
affected HRmax prediction.
Here, we observed that there was a difference of ≥10
bpm between the predicted HRmax and actual HRmax.
The different was not only statistically but also clinically
significant. A difference of 10 bpm in the heart rate in the
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Fig. 1. Comparison of actual
maximal heart rate (HR) and agepredicted maximal HR. Boxplots
of (A) beta-blocker group (n=431)
and (B) non-beta-blocker group
(n=431). Participants were divided into subgroups according
to age, body mass index (BMI,
kg/m 2), and risk classification.
*p<0.05 (Bonferroni correction
for continuous variable), **p<0.05
(least significant difference correction for continuous variable).

exercise prescription is equivalent to an exercise intensity
of 1 MET (metabolic equivalent of task). This suggests
that higher-intensity exercise that is not adequate for patients may be prescribed. It is essential to measure actual
HRmax by performing a CPET when prescribing exercise
for patients in need of cardiopulmonary rehabilitation.
However, when a CPET cannot be conducted, and the
HRmax needs to be predicted, the use of HRmax=220age may cause an over-estimation of the target heart rate.
This was observed in the scatter plot of the actual HRmax
and age. It was confirmed that beta-blocker administration had a significant effect on the HRmax during a CPET.
If it is possible to know whether a patient is on betablockers, it would be good to selectively apply these two
HRmax prediction formulas (predicted HRmax=1830.76×age in the beta-blocker group, 210-0.91×age in the
non-beta-blocker group).
There was no difference in the chronotropic response to
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Table 3. Comparison of the actual HRmax between the beta-blocker group and non-beta-blocker group by the physiological variables
Factor
Age (yr)
<70
≥70
BMI (kg/m2)
<18.5
18.5–25
≥25
Risk classification
Low risk
Moderate risk
High risk
Disease group
Cardiac disease
Pulmonary disease

Beta-blocker group
n
Actual HRmax

Non-beta-blocker group
n
Actual HRmax

p-value

306
90

141.89±20.51
124.63±17.15

314
117

158.91±15.13
142.50±13.02

<0.001*
<0.001*

8
214
174

135.25±16.15
139.04±20.32
136.77±22.15

17
278
136

150.29±17.85
155.17±16.63
153.53±15.40

<0.001*
<0.001*
<0.001*

93
236
67

144.86±21.07
136.68±20.52
132.93±20.93

278
128
25

156.73±16.37
149.07±15.06
156.80±15.84

<0.001*
<0.001*
<0.001*

360
36

138.78±20.96
129.81±20.64

177
254

158.02±17.12
151.98±15.26

<0.001*
<0.001*

Values are presented as mean±standard deviation.
HRmax, maximal heart rate; BMI, body mass index.
*p<0.05 (the independent t-test for continuous variables).
A
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Fig. 2. Scatterplot between age
and actual maximal heart rate
(n=827). Divided into two groups
depending on whether they were
taking beta-blockers or not. (A)
Group with taking beta-blockers
(n=396). (B) Group without betablockers (n=431). And divided
into by disease group, (C) cardiac
disease group (n=537) and (D)
pulmonary disease group (n=290).
All participants were classified
into high risk, moderate risk, and
low risk according to the risk classification and displayed in different diagrams.
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Table 4. Comparison of actual HRmax and age-predicted HRmax by physiologic variables
HRmax
Predicted HRmax
Beta-blocker group
Age (yr)
<70 (n=306)
141.89±20.51
164.98±10.26
≥70 (n=90)
124.63±17.15
145.00±4.19
p-value
<0.001*
<0.001*
BMI (kg/m2)
<18.5 (n=8)
135.25±16.15
158.00±10.99
18.5–25 (n=214)
139.04±20.32
159.36±11.52
≥25 (n=174)
136.77±22.15
161.88±13.53
p-value
0.536
0.121
Risk classification Low risk (n=93)
144.86±21.07
160.67±11.62
Moderate risk (n=236) 136.68±20.52
159.89±12.46
High risk (n=67)
132.93±20.93
162.09±13.62
p-value
0.001**
0.435
Non-beta-blocker group Age (yr)
<70 (n=314)
158.91±15.13
164.09±11.13
≥70 (n=117)
142.50±13.02
145.46±3.78
p-value
<0.001*
<0.001*
2
BMI (kg/m )
<18.5 (n=17)
150.29±17.85
159.00±12.29
18.5–25 (n=278)
155.17±16.63
159.65±13.12
≥25 (n=136)
153.53±15.40
157.79±12.04
p-value
0.355
0.379
Risk classification Low risk (n=278)
156.73±16.37
159.69±13.28
Moderate risk (n=128) 149.07±15.06
156.49±11.31
High risk (n=25)
156.80±15.84
164.72±11.39
p-value
<0.001**
0.004**

Difference
-23.09±19.61
-20.37±16.96
0.233
-22.75±19.04
-20.32±19.58a)
-25.11±18.14a)
0.048**
-15.81±18.50b)
-23.20±17.70b)
-29.16±21.67b)
<0.001**
-5.18±11.26
-2.96±12.28
0.076
-8.71±12.63
-4.48±11.86
-4.26±10.80
0.320
-2.97±11.68c)
-7.42±11.01c)
-7.92±9.99c)
<0.001**

Values are presented as mean±standard deviation or number (%).
HRmax, maximal heart rate; BMI, body mass index; ANOVA, analysis of variance.
a)
Post-hoc analysis of both values was performed using the Bonferroni correction (p=0.041).
b)
The following post-hoc analysis was performed using the Bonferroni correction: low-risk and moderate-risk
(p=0.004), low-risk and high-risk (p=0.001), moderate-risk and high risk (p=0.573).
c)
The following post-hoc analysis was performed using the least significant difference correction: low-risk and moderate-risk (p<0.001), low-risk and high-risk (p=0.038), and moderate-risk and high-risk (p=0.842).
*p<0.05 (the independent t-test for continuous variables), **p<0.05 (one-way ANOVA for continuous variables).
exercise in patients aged over 70 years. In the two groups
divided by age, the actual HRmax was approximately 92%
of the predicted HRmax, and the SD was not different between the two groups. This suggests that age is not a barrier to exercise. To the best of our knowledge, this study is
the first to derive a formula for predicting the HRmax in
elderly patients with cardiopulmonary diseases.
In addition to age, other factors that may affect the hemodynamic response in patients were analyzed. First, the
clinically known risk classification was analyzed. The risk
of exercise in patients with cardiac disease was evaluated according to the AACVPR Stratification Algorithm
for Risk of Event. Risk was classified into high, moderate,
and low based on the medical history, cardiac function,

type of procedures or surgeries, and cardiopulmonary exercise capacity of patients. Most patients with pulmonary
disease in our study had lung cancer and underwent a
CPET to confirm preoperative and postoperative cardiopulmonary function. These patients were classified based
on the risk stratification of Salati et al. [17], which classifies the possibility of life-threatening complications after
lung resection in early-stage lung cancer. As both risk
classification methods are clinical classifications to predict prognosis, the methods were analyzed together. The
one-way ANOVA test, Bonferroni and LSD corrections
showed that the difference between the actual HRmax
and predicted HRmax was significant between low risk
and moderate-to-high risk. In other words, a higher risk
www.e-arm.org
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was associated with a lower actual HRmax than predicted
HRmax, and this suggests the use of the current formula
may overestimate HRmax, which may be dangerous for
the patients. Therefore, predicted HRmax may be used to
prescribe exercise in low-risk patients; however, in highrisk patients with cardiopulmonary diseases, the actual
HRmax needs to be assessed through a CPET for safety
reasons.
Patients were divided into groups according to their
BMI. There was a significant difference between the three
BMI groups among the participants taking beta-blockers
in the one-way ANOVA. In the Bonferroni correction, the
difference between the predicted and actual HRmax between the normal and high BMI groups was significant.
There was no significant difference between the groups
not taking beta-blockers. It is thought that this is because
there were many patients with cardiac disease in the beta-blocker group, with a higher BMI. Obesity is associated
with a shortened lifespan and significantly increases the
risk of cardiovascular morbidity and mortality compared
with a normal BMI [18]. The non-beta-blocker group had
a relatively high proportion of patients with pulmonary
disease. Patients with chronic obstructive pulmonary disease (COPD) and lung cancer account for a large number, and among these patients, there are studies on the
“obesity paradox” that individuals with a high BMI show
a significantly better long-term survival rate [19,20].
In summary, the difference between the predicted and
actual HRmax was large in patients with a higher risk
for cardiopulmonary rehabilitation and abnormal BMI.
This indicated that the HRmax values of such patients are
challenging to predict. This may be because patients with
more severe diseases are more likely to end the CPET
earlier than those with less severe diseases. However,
the actual HRmax tended to be lower than the predicted
HRmax even in patients who appropriately performed
the CPET in this study. In patients with severe cardiopulmonary diseases, the predicted HRmax without a
CPET may cause more intense exercises to be prescribed,
which could be alarming for the patients.
Several limitations must be considered while interpreting the results of this study. First, this was a single-center
study that does not represent all patients with cardiopulmonary diseases in South Korea. However, compared with
the findings of previous studies, VO2peak and HRmax
were similar, suggesting that our results were reliable [5].
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In the future, a large-scale multicenter study must be conducted to present representative data for Koreans.
Second, heart rate cannot be predicted for all types
of exercise. CPET results using an ergometer were not
included in this study. Compared with exercise using a
treadmill, those using an upper or lower extremity ergometer show a significant difference in the physiological response [21]. Exercise with an ergometer is known
to have a lower heart rate compared with exercise using
a treadmill [22]. However, in this study, analysis was not
possible due to the small number of patients who underwent a CPET using an ergometer. Further studies are
needed in patients with paraplegia due to spinal cord injury and in patients using wheelchairs or walkers due to
lower extremity amputation.
Third, among patients, especially the elderly, only those
with the ability to perform a CPET were included; therefore, it was challenging to apply the formula to the elderly
who found it difficult to perform a CPET. This may have
led to a selection bias. However, for such patients, rather
than a program to set the target heart rate and reach the
intensity, exercise prescriptions are being administered
at the clinic focusing on increasing basic lower extremity
strength, balance, walking ability, and endurance. This
formula should be applied selectively.
In conclusion, our study showed that there is a significant difference between the actual HRmax and predicted
HRmax calculated using HRmax=220-age. It was also
confirmed that the difference may vary depending on
whether beta-blockers were taken. Herein, we propose a
new formula (predicted HRmax=183-0.76×age in the beta-blocker group, 210-0.91×age in the non-beta-blocker
group), that has been constructed based on the actual
HRmax in patients with cardiopulmonary diseases. For
patients previously diagnosed as having low risk, exercise prescription can be possible with this formula alone.
However, high-risk groups or obese patients have a large
difference between the predicted and actual HRmax.
Thus, it is recommended that a CPET is performed as
much as possible for appropriate exercise prescription.
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