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Introduction
▼
There were around 12.7 million cancer cases 
worldwide in 2008. This number is expected to 
increase, reaching 21 million by 2030. One out of 
3 people will develop cancer before the age of 75 
years [19]. Currently increasing incidence rates 
and decreasing mortality rates due to the 
advances in earlier detection and in therapeutic 
modalities have translated to a higher number of 
cancer survivors (CS) (person who suffers from 
cancer, measured from the moment of the diag-
nosis until the end of his or her life) [18].
Both the disease itself, the treatments and the 
lack of physical activity (PA) lead to an increase of 
pain and fatigue thresholds, a significant reduc-
tion of the muscle mass and strength, a higher 
level of adipose tissue and decreased cardiorespi-
ratory fitness. All of the factors mentioned nega-
tively impact daily activities and reduce the 
quality of life (QoL) of CS [5, 9, 18, 29]. Related to 
this topic, PA offers important psychological and 
physiologic benefits in CS [9, 21, 34] and plays an 
important role in preventing or delaying other 
chronic diseases (e. g., cardiovascular diseases, 
hypertension, diabetes, osteoporosis, obesity, 

depression), thereby contributing positively to 
their survival [16, 18].
However, there are no specific guidelines for 
exercise prescription for CS. Current PA guide-
lines for CS are generic. Whenever possible, CS 
should avoid inactivity and maintain an active 
and healthy lifestyle [1, 33]. PA guidelines for CS 
are based on guidelines for healthy population; 
i. e., for aerobic activity 150 min per week of 
moderate PA (30 min 5 days a week) or 75 min 
per week of vigorous PA (20 min 3 days a week) 
or any combination thereof. Furthermore, 
strength training guidelines recommend 2–3 
weekly sessions that include exercises for major 
muscle groups [1, 33, 35]. In this regard, it has 
been shown that CS meet international recom-
mendations for moderate PA, but very few com-
plete those for vigorous PA [31]. The optimal 
dose of PA in this population is unknown [17], 
possibly affecting each CS differently due to the 
large variety of types of cancer, illness stages and 
treatments, low cardiorespiratory fitness, physi-
cal inactivity and co-morbidities. Thus, it is cru-
cial to create individualized exercise programs, 
starting from specific PA guidelines for CS.
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Abstract
▼
The optimal dose of physical activity (PA) in can-
cer survivors (CS) is unknown due to the large 
variety of types of cancer, illness stages and treat-
ments, low cardiorespiratory fitness, and physi-
cal inactivity. It is recommended that CS follow 
current PA guidelines for healthy population. 
There are no specific exercise prescription guide-
lines for CS. To know the cardiorespiratory 
parameters of CS in order to create exercise  
prescription guidelines for this population, 152 
inactive CS were recruited to perform a cardio-
pulmonary exercise test. Peak oxygen uptake 
(VO2peak), ventilatory threshold (VT) and respira-

tory compensation point (RCP) determined 3 
exercise intensity zones to create exercise inten-
sity classification guidelines for CS. VO2peak (18.7 
± 4.6 mL · kg − 1 · min − 1) and peak heart rate (HRpeak)  
(145.1 ± 17.9 bpm) were lower than the estimated 
values (p < 0.001). Moderate intensity zone for CS 
was different from the current PA guidelines for 
healthy population: 41–64 % VO2max, 55–70 % 
HRmax, 23–48 % HRres, 2.5–4 METs and 8–14 
points on RPE scale. Intensities in PA guidelines 
for healthy population are not adapted to the 
characteristics of CS. For individual exercise pre-
scription in CS specific PA guidelines should be 
used in order to maximize the benefits obtained 
by the use of aerobic exercise training.
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Compared to healthy individuals of the same sex and age, CS 
usually exhibit ~30 % lower cardiorespiratory fitness (VO2peak) 
[1]. It has recently shown that many of the CS present poor car-
diorespiratory fitness [32]. In addition to VO2peak, gas exchange 
thresholds (i. e., ventilatory threshold, VT, and respiratory com-
pensation point, RCP) are currently the gold standard references 
for the evaluation of aerobic metabolism function and, conse-
quently, for aerobic exercise intensity assessment and prescrip-
tion [27, 28]. VT could be considered as a valid indicator of 
functional capacity of CS and it is closely associated with the 
intensities of daily activities (e. g., walking, gardening, climbing 
stairs, household activities) [15]. It has been previously observed 
that the oxygen uptake at VT in cancer patients is very low [15], 
indicating that any light stimulation could induce moderate 
intensities in this population [27]. It was investigated whether 
submaximal indices of cardiorespiratory fitness such as VT and 
RCP were related to QOL in women survivors of breast cancer 
and they concluded that the improvement of these indices could 
have a beneficial effect on QOL [15]. Therefore, exercising at 
those intensities to improve submaximal thresholds (i. e., VT and 
RCP) could be an effective strategy [15]. In practice, these sub-
maximal thresholds are used to define individualized intensity 
zones and prescribe exercise. Generally 3 intensity zones are 
defined: intensity below VT, intensity between VT and RCP and 
intensity above RCP. This exercise-prescribing method has been 
used with athletes [8], healthy sedentary individuals [22] and 
with chronic heart failure patients or chronic obstructive pul-
monary disease patients [27]. Regarding the optimum PA level, 
CS should exercise at a higher level than the minimum recom-
mended whenever possible to achieve more benefits [31, 33]. 
Nevertheless, exercise intensity is more complicated to pre-
scribe, measure and control. Whereas with high intensity activi-
ties there is still high controversy, moderate intensity has proven 
to be safe and provide health benefits [31].
But what is considered to be light, moderate and high intensity? 
Where are the limits of each? Light intensity is defined as 6–11 
points on the RPE scale, < 63 %HRmax, and 20–39 %HRres. Moder-
ate intensity is defined as 12–13 points on the RPE scale, 3–6 
METs, 64–76 %HRmax and 40–59 %HRres. High intensity is defined 
as 14–19 points on the RPE scale, 77–93 %HRmax and 60–84 %HRres 
[1, 10, 29]. There are slight differences in exercise intensity refer-
ence guidelines. Absolute intensities like METs, cannot be gener-
alized due to the high variability in cardiorespiratory fitness 
among subjects. What is considered to be a light walk for some 
people could be considered to be moderate or vigorous for oth-
ers. For this reason, relative intensity was introduced [36]. How-
ever, the same relative intensity for 2 subjects could result in 
different metabolic responses (above or below anaerobic thresh-
old) [26]. It seems that an individualized prescription based on 
ventilatory thresholds (VT and RCP), could be less variable 
among individuals. Those thresholds show the metabolic adap-
tations and the evolution induced by exercise training [3, 26].
The main purpose of this study was to assess the cardiorespira-
tory parameters of CS (peak and submaximal thresholds) for the 
purpose of creating an adapted exercise intensity prescription 
guideline for this population that allows the comparison with 
current standard guidelines. The secondary purposes were: 1) to 
analyze the cardiorespiratory capacity of CS, classifying them by 
age ranges; to compare it to that of the healthy population; and 
2) to evaluate the association between the HRmax and VO2max 
estimated by equations to prescribe exercise and the real peak 
values obtained in the cardiopulmonary exercise test (CPET).

Methods
▼
Participants
152 CS were recruited from the oncology department of the 
“Santiago Apóstol” Hospital of Miranda de Ebro, Burgos, Spain. 
Inclusion criteria: 1) cancer survivor, 2) Eastern Cooperative 
Oncology Group (ECOG) scale = 0, 3) physical activity ≤ 90 min/
week. Exclusion criteria: 1) heart disease (≥ New York Heart 
Association II), 2) uncontrolled hypertension (blood pressure >  
160/90 mmHg), 3) uncontrolled pain or 4) any other contraindi-
cation for participation in a physical exercise program such as 
high risk of bone fractures, severe anemia (< 8 g/dL), or < 50 · 109/
μL of platelet count [25]. Participants were informed about the 
study. Each participant obtained the consent of the oncologist 
and gave their written informed consent before participating in 
the study. The study received ethical approval from The Clinical 
Research Ethics Board of Burgos and Soria and meets the ethical 
standards in sport and exercise sciences research [12]. After 
obtaining peak and submaximal cardiorespiratory variables in 
the CPET, participants were offered an individualized exercise 
program (3 sessions per week of 90 min each combining aerobic 
and resistance exercise). With the data obtained in the CPET, the 
exercise intensity classification guideline was created.

Measurements
Each participant performed a CPET in the same center of sport 
medicine (Gabinete Médico Deportivo, Miranda de Ebro, Burgos, 
Spain) at the same time (10 a.m. – 2 p.m.) and in similar environ-
mental conditions (temperature, ~20 °C; relative humidity, 
45–55 %; barometric pressure, ~720 mmHg). The test was per-
formed on an electric braking cycle-ergometer (Variobike 600, 
Marquette Hellige, Freiburg, Germany). Participants were not 
involved in any exercise during the previous 24 h before the test. 
Following an unloaded 5-min warm-up, the load was increased 
8–10 W per minute starting from an initial load of 20 W. Partici-
pants were instructed to maintain cadence between 60–70 rpm, 
cadence being displayed on a monitor placed in front of them. 
Gas exchange data were measured breath by breath using an 
open spirometer circuit (MasterScreen CPX, Jaeger, Viasys 
Healthcare, Hoechberg, Germany). The test was performed until 
volitional fatigue or when the cadence could not be maintained 
above 60 rpm. Confirmation of a maximal effort was determined 
by meeting 3 out of 4 of the following criteria: 1) no increases in 
VO2 with increased workload, 2) HR values ≥ 85 % estimated 
maximum HR (HRmaxT), 3) RER ≥ 1.10, and 4) RPE = 20 (Borg 
6–20) [1]. Regardless of achieving maximal criteria, the maximal 
values achieved during the CPET are referenced as “peak” 
[20, 35]. Peak oxygen consumption (VO2peak) was defined as the 
highest 20-s value of oxygen consumption elicited during the 
CPET. Peak VO2 is expressed in terms relative to body mass 
(mL · kg − 1 · min − 1).
Ratings of perceived exertion (RPE) and blood pressure were 
evaluated at the end of each stage (1 min). HR was monitored 
during the test using a 12-lead ECG. VO2, ventilation, ventilatory 
equivalents (for oxygen and carbon dioxide) and respiratory 
quotient for peak and submaximal values (VT and RCP) were 
also measured. To detect the VT the first exponential increase in 
the O2 ventilatory equivalent (VE/VO2) without a concomitant 
increase in the CO2 ventilatory equivalent was considered. The 
RCP was determined using the ventilatory equivalent method 
(the first exponential increase in CO2 ventilator equivalent 
alongside an increase in the ventilator equivalent for O2) [29]. 2 
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experienced researchers detected those points individually and 
in case of disagreement, a third researcher’s opinon was 
obtained. CS were classified by age to compare their cardiorespi-
ratory fitness against the age and sex-matched ACSM 50th per-
centile [1].
To estimate maximum HR (HRmaxT) the equation (206.9 – 
(0.67 * age)) was used given its higher accuracy compared to 
other equations [11]. To estimate the maximal VO2 (VO2maxT), we 
used the ACSM’s metabolic equation for bike ergometer 
(1.8 * (W * 6.1183)/(body mass + 7)) [1]. Absolute and relative val-
ues below VT determined the light-intensity zone (zone 1). Val-
ues between VT and RCP were considered as moderate intensity 
(zone 2) and values above the RCP determined the high-inten-
sity zone (zone 3) [8, 27].
CS were categorized into 3 groups according to their cardiorespi-
ratory fitness. The first group corresponded to the most decon-
ditioned individuals and was considered < 4.5 METs (< 15.75 mL ·  
kg − 1 · min − 1 of VO2peak). In the second group CS were between 
4.5 and 6 METs (15.75–21 mL · kg − 1 · min − 1 of VO2peak). The third 
group corresponded to CS with > 6 METs (> 21 mL · kg − 1 · min − 1 of 
VO2peak).

Statistical analysis
Descriptive statistics were calculated for continuous variables 
(mean, standard deviations) and for non-continuous variables 
(frequencies). To determine the statistical analysis type, normal-
ity criteria was verified for each variable (Kolmogorov-Smirnov 
test) and for the groups to which they would be compared 
according to different variables (Kolmogorov-Smirnov or Shap-
iro-Wilk). To verify the variance homogeneity, the Levene’s test 
of homogeneity of variances was performed. To examine the 
validity of the equations estimating HRmaxT and VO2maxT, a linear 
regression was used, while to examine the differences between 
the real and estimated values, a paired samples t-test was per-
formed. Pearson’s correlation coefficient was used to examine 
the association between the estimated and real values, as well as 
to determine whether there was any relationship between post-
diagnosis time and cardiorespiratory variables. Correlations 
were categorized as follows: 0.26–0.49 is a low correlation, 
0.50–0.69 is a moderate correlation, 0.70–0.89 is high correla-
tion, and 0.90–1.00 is very high correlation. One-way ANOVA for 
parametric samples and Kruskal Wallis H test for non-paramet-
ric samples, were used to compare the cardiorespiratory values 
in submaximal point among cardiorespiratory fitness groups 
(< 4.5 METs, 4.5–6 METs and > 6 METs), post-diagnosis time ( < 6 
months, 7–12 months, 13–24 months, 25–60 months and > 60 
months) and VO2peak among age ranges (30–39, 40–49, 50–59, 
60–69, > 70). Bonferroni post-hoc test was applied to define the 
groups with statistical differences. Data are presented as 
mean ± SD. Statistical significance was set at p < 0.05. Statistical 
analyses were performed using SPSS statistical software (ver-
sion 20.0, IBM SPSS Statistics, Chicago, IL).

Results
▼
The flow diagram in  ●▶  Fig. 1 shows how the CS participants were 
recruited and the final numbers of individuals. Participant char-
acteristics are displayed in  ●▶  Table 1. Physiologic values of CS 
obtained in the CPET and estimated by equations are listed 
in  ●▶  Table 2. CS showed a mean VO2 significantly (p < 0.001) 
lower than the estimated VO2. The relationship between esti-

mated VO2max and the obtained VO2peak was significant and high 
(r = 0.82, p < 0.001) ( ●▶  Fig. 2).
The HRpeak obtained in the CPET was 25 bpm less than the esti-
mated HR (p < 0.001). The relationship between the estimated 
HRmax and the obtained HRpeak was statistically significant 
(r = 0.56, p < 0.001) ( ●▶  Fig. 2). The VT was located at 48.0 ± 11.6 % 

CS from the Oncology
Department of the ‘‘Santiago
Apostol” Hospital of Miranda

de Ebro
n=271

Declined to be informed
n=86

Declined to participate
n=12

Total recruited
n=152

Assessed for eligibility
n=173

Invited to participate
n=185

– Not meeting one or two of
the inclusion criteria (n=9)
– Meeting one o more of
the exclusion criteria (n=12)

Excluded (n=21)

Fig. 1 Recruitment of CS participants.

Table 1 Participants’ characteristics.

Age (years) 55.1 ± 12.3
sex
 male 34 (22.4)
 female 118 (77.6)
BMI (kg · m − 2) 26.5 ± 4.1
cancer type
 colon 16 (10.5)
 cervical 3 (2.0)
 endometrial 4 (2.6)
 gastric 5 (3.3)
 breast 87 (57.2)
 melanoma 2 (1.3)
 ovarian 5 (3.3)
 pancreatic 4 (2.6)
 prostate 7 (4.6)
 lung 3 (2.0)
 thyroid 2 (1.3)
 bladder 4 (2.6)
 others 10 (6.6)
 total 152 (100)
treatment type
 S 22 (14.5)
 S + C 59 (38.8)
 S + R 12 (7.9)
 S + C + R 42 (27.6)
 other 17 (11.2)
post-diagnosis time (months) 32.7 ± 42.7
Data are presented as mean ± SD for continuous variables and as frequency ( %) for 
categorical variables
SD, standard deviation; BMI, body mass index; S, surgery; C, chemotherapy;  
R, radiotherapy
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of the VO2peak, whereas the RCP corresponded to 75.3 ± 9.7 % of 
the VO2peak. The moderate intensity range (VT-RCP) in METs was 
between 2.5 ± 0.6 and 4.0 ± 1.1. The perceived effort (Borg 6–20 
scale) for moderate intensity was between 8.0 ± 1.3 and 14.4 ± 1.5 
points. The mean HR in the VT was 93.9 ± 14.0 bpm, while the 
mean HR for the RCP was 118.5 ± 16.5 bpm. These values corre-
sponded to 65.1 ± 8.8 % and 81.9 ± 7.6 % of the HRpeak, respectively. 
The HRres was 74.2 ± 18 bpm and the ventilatory thresholds were 
located at 31.3 ± 12.9 % (VT) and 64.3 ± 13.7 % (RCP) of the HRres.
Comparisons to published age and sex-matched cardiorespira-
tory fitness [1] are presented in  ●▶  Fig. 3. Participants of this 
study presented a significantly lower cardiorespiratory fitness 
than healthy population in all age ranges. CS ages 30–39 years 
showed a mean VO2peak of 17.1 ± 5.5 mL · kg − 1 · min − 1, represent-
ing a difference of greater than 50 % (i. e., lower values) compared 
to the VO2peak of the healthy population (36.8 mL · kg − 1 · min − 1). 
CS ages 40–49 years showed the highest cardiorespiratory fit-
ness (20.0 ± 4.5 mL · kg − 1 · min − 1), but the difference with the 
ACSM healthy population continued to be high ( − 43 %). Among 
the individuals ages 50–59 years, the VO2peak showed greater 
similarity than that of the group ages 40–49 years (19.5 ± 5.0 mL 
· kg − 1 · min − 1). CS of this study showed a decreasing trend in the 
cardiorespiratory fitness without large differences among age 
groups.
 ●▶  Table 3 shows the intensity ranges defined after obtaining 
submaximal (VT and RCP) and peak parameters in the CPET. The 
peak values obtained during the CPET placed the moderate-
intensity zone (VT-RCP) at 48–75 % of VO2peak, 65–82 % of the 
HRpeak, 31–64 % of HRres, 2.5–4 METs and 8–14 points on the RPE 
scale. There were differences when CS were classified into cardi-
orespiratory capacity groups. Less than 6 METs group showed 
the VT in a lower  % of VO2peak than the others (p < 0.001). Less 
than 4.5 METs group showed the  %HRpeak at VT higher than the 
others, exhibiting a reduced moderate intensity zone compared 
with the other 2 groups. There were statistically significant dif-

ferences among all groups in moderate intensity zone thresh-
olds for absolute values in METs. While the moderate-intensity 
zone was 2–3 METs for the most deconditioned group, the same 
intensity zone corresponded to 2.9–5.3 METs for the fittest 
group. There were no differences when using HR reserve as the 
exercise prescription method.
 ●▶  Table 4 shows an exercise intensity classification guide for CS 
based on the absolute and relative submaximal values obtained 
in the CPET for the purpose of creating intensity ranges relative 
to the estimated maximal values. The intensity zone values 
obtained relative to the estimated HRmax and VO2max were lower 
than those obtained through the peak values. In this case, mod-
erate-intensity zone corresponded to 41–64 % of VO2max, 55–70 % 
of HRmax or 23–48 % of the HRres.
No association was found between post-diagnosis time (from 
diagnosis to CPET) and cardiorespiratory variables (VO2peak, VO2 
at VT and RCP, HRpeak, HR at VT and RCP, HRreserve, HRrest) without 
following a physical exercise program. No significant differences 
were either found in any variable when the patients were sepa-
rated by post-diagnosis time ( < 6 months, 7–12 months, 13–24 
months, 25–60 months and  > 60 months).

Discussion
▼
The main purpose of this study was to assess the cardiorespira-
tory parameters of CS (peak and submaximal thresholds) for the 
purpose of creating an adapted exercise intensity prescription 
guideline for this population, which facilitates comparison with 
current standard guidelines. The mean VO2peak of the 152 CS of 
this study was 18.7 ± 4.6 mL · kg − 1 · min − 1. This value is within the 
normal range of cardiorespiratory fitness of CS [35], and is lower 
than that of the healthy population [1]. It is also worth mention-
ing that in the present study CS did not meet the threshold of 8 
METs that indicates an increased risk for mortality and cardiac 

CPET Estimated

VO2peak (mL · kg − 1 · min − 1) 18.7 ± 4.6 VO2maxT 22.0 ± 4.9
VO2 VT (mL · kg − 1 · min − 1) 8.7 ± 2.2
VO2 RCP (mL · kg − 1 · min − 1) 14.0 ± 3.7

 % VO2peak VT 48.0 ± 11.6  % VO2maxT VT 40.7 ± 10.7
 % VO2peak RCP 75.3 ± 9.7  % VO2maxT RCP 64.0 ± 11.4

METpeak 5.3 ± 1.3 METmaxT 6.3 ± 1.4
MET VT 2.5 ± 0.6
MET RCP 4.0 ± 1.1
RPE VT 8.0 ± 1.3
RPE RCP 14.4 ± 1.5
Wpeak 94.0 ± 33.7
RERpeak 1.19 ± 0.11
HRpeak (bpm) 145.1 ± 17.9 HRmaxT (bpm) 170.0 ± 8.2
HR VT (bpm) 93.9 ± 14.0
HR RCP (lpm) 118.5 ± 16.5

 % HRpeak VT 65.1 ± 8.8  %HRmaxT VT 55.2 ± 7.7
 % HRpeak RCP 81.9 ± 7.6  %HRmaxT RCP 69.7 ± 8.6

HRrest (bpm) 70.8 ± 11.0
HRreserve (bpm) 74.2 ± 18.0 HRreserve (bpm) 99.1 ± 12.5

 % HRreserve VT 31.3 ± 12.9  %HRreserve VT 23.2 ± 10.3
 % HRreserve RCP 64.3 ± 13.7  %HRreserve RCP 48.0 ± 13.8

Data are presented as mean ± SD. DS, standard deviation; HR, heart rate; MET, metabolic equivalent (1 MET = 3,5 mlO2 · kg − 1 · min − 1 or 
1 kcal · kg − 1 · h − 1); RCP, respiratory compensation point; RER, respiratory exchange ratio; RPE, rating of perceived effort (Borg, 6–20); 
VO2, oxygen uptake; VT, ventilatory threshold; W,watt. HRmaxT, estimated maximum heart rate by equation (206.9 – (0.67 * age); HR-

reserve, (HRmaxT– HRrest); RCP, respiratory compensation point; VO2maxT, estimated maximum oxygen uptake by ACSM (2013) equation 
(1.8 (W · 6.1183)/body mass + 7)

Table 2 Absolute and relative 
physiologic values of the par-
ticipants determined in CPET and 
Estimated.
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events [24]. This deconditioning could be attributed to several 
factors, such as the low PA level ( < 90 min/week) adopted follow-
ing cancer diagnosis, the disease itself, treatment and side effects 
such as chronic fatigue, pain or cardiopulmonary dysfunction 
and the high BMI level (65.1 % of participants presented over-
weight or obesity) [15, 18].
In fact, a recent study among another Spanish cohort also 
showed that the prevalence of obesity in CS leads to a low car-
diometabolic profile [32]. Relative intensity ( %VO2peak) at VT and 
RCP (48.0 ± 11.6 % and 75.3 ± 9.7 %, respectively) was similar to 
that of the sedentary adults. It seems that for CS any increase of 
physical activity could lead to a disproportionately rapid rise of 
carbon dioxide output and minute ventilation as related to VO2 
[27]. The  %VO2peak at RCP was similar to that found by others 
[20] in CS (75 %VO2peak).
The difference between the estimated and peak HR was 25 bpm. 
Other studies have reported a wide range of HRpeak in CS, varying 
from 124 to 169 bpm [4, 7, 14, 15]. For this reason, it is recom-
mended that heart rate be measured in an incremental exercise 

test whenever possible [1]. The ventilatory thresholds corre-
sponded to 65.1 ± 8.8 % (VT) and 81.9 ± 7.6 % (RCP) of HRpeak or 
31.3 ± 12.9 % (VT) and 64.3 ± 13.7 % (RCP) of HRreserve. In a recent 
study with breast CS, higher values of HRpeak (169 ± 12 bpm) 
were obtained, and the RCP was placed at a higher percentage of 
HRpeak (87.6 %) [2]. Another study placed the VT at 73 ± 10 % of 
HRpeak and the RCP at 88 ± 5 % of HRpeak in breast cancer survivors 
with a VO2peak of 24.6 ± 5.8 mL · kg − 1 · min − 1 [15].
ACSM suggests determining the HRpeak of the individual in an 
incremental exercise test in order to prescribe an exercise pro-
gram. When it is not feasible, the estimation is accepted. In our 
study, the equation of Gellish [11] (206.9 – (0.67  *  age) was used 
as it is the formula that is best adapted to this population [1, 23]. 
The correlation obtained between the estimated HR and the 
HRpeak was only moderate (r = 0.56, p < 0.001). Whereas the esti-
mated maximum HR was 170 ± 8.2 bpm, the peak HR obtained in 
the CPET was 25 bpm lower (145 ± 17.9 bpm). The type of test 
(cycle-ergometer), the physical deconditioning (caused by the 
illness itself, treatments and inactivity) and the lack of familiari-
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zation with these type of tests could contribute to the low HRpeak. 
However, all CS satisfied 3 of 4 criteria of maximal effort. It may 
be necessary to create a new equation for this population in the 
future. These differences between the estimated and the real 
values could cause large differences in determining the intensity 
in CS if the equations for estimating the peak values were used. 
What the international PA guidelines classify as moderate inten-
sity (40–59 %HRres or 64–76 %HRmax) could cause varied 
responses when the prescription is based on the peak HR 
(145 bpm in CS of the study) or the estimated maximum HR 
(170 bpm in CS of the study). Basing exercise intensity on the 
estimated maximum values, i. e., 64–76 %HRmax of 170 bpm 
(109–129 bpm), would actually result in a vigorous intensity 
(75–89 %HRpeak) for a CS with 145 bpm of HRpeak. The correlation 
between the VO2peak and the estimated VO2max was higher than 
that obtained for the HR (r = 0.82, p < 0.001,  ●▶  Fig. 2).

CS showed considerably lower cardiorespiratory fitness than 
that of the healthy population [1] in every age group, with 
VO2peak decreasing with age ( ●▶  Fig. 3). The greatest differences 
were found in the youngest groups (~53.5 % of VO2peak lower in 
CS of 30–39 years and ~43 % of VO2peak lower in CS of 40–49 
years). Starting with these age groups the difference appears to 
decrease (~38.5 % of VO2peak lower in CS of 50–59 years and ~37 % 
of VO2peak lower in CS > 60 years). The scientific literature has 
reported differences between ~38–50 % of VO2peak in favor of the 
healthy population [6, 20]. In contrast to the healthy population, 
which exhibits clearly decreasing VO2peak with age, CS does not 
present such differences among age groups, and the cardiorespi-
ratory fitness is very low and similar in all age groups ( ●▶  Fig. 3). 
A systematic review about cardiorespiratory exercise in the 
rehabilitation of CS shows that most patients present a VO2peak of 
16–25 mL · kg − 1 · min − 1 [35]. CS of our study had low VO2peak val-
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Table 3  Exercise intensity classification of the participants. Data are presented as relative to the peak values obtained in the CPET.

Intensity relative to maximal exercise capacity in METs

Intensity  %VO2peak  %HRpeak  %HRres METs RPE  < 4.5 METs n = 39 4.5–6 METs n = 79  > 6 METs n = 34

Light  < 48  < 65  < 31  < 2.5  < 8  %VO2peak  < 51  < 50  < 41
 %HRpeak  < 70  < 64  < 62
 %HRres  < 34  < 31  < 29
METs  < 2  < 2.5  < 2.9

Moderate 48–75 65–82 31–64 2.5–4 8–14  %VO2peak 51–76 50–76   * 41–72
 %HRpeak † 70–84 64–81 62–82
 %HRres 34–64 31–63 29–67
METs ‡ 2–3† ‡ 2.5–3.9|| 2.9–5.3

Vigorous  > 75  > 82  > 64  > 4  > 14  %VO2peak  > 76  > 76  > 72
 %HRpeak  > 84  > 81  > 82
 %HRres  > 64  > 63  > 67
METs  > 3  > 3.9  > 5.3

Abbreviations: HR, heart rate; MET, metabolic equivalent; VO2, oxygen uptake; RPE, rating of perceived effort (Borg, 6–20)
 * p < 0.001 vs.  < 4.5 METs & 4.5–6 METs
† p < 0.001 vs. 4.5–6 METs &  > 6 METs
‡ p < 0.001 vs. 4.5–6 METs &  > 6 METs
‡ p < 0.01 vs. 6 METs
† p < 0.001 vs. 4.5–6 METs &  > 6 METs
|| p < 0.001 vs.  > 6 METs
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ues in all age groups (lower than a mean of 20.0 ± 4.5 mL · kg − 1 ·  
min − 1). These results thus emphasize the need for monitoring 
cardiorespiratory fitness and creating adapted exercise pro-
grams to improve those VO2peak values as early as possible.
Despite VO2peak decreasing with age, the absolute VO2 values of 
VT and RCP were not affected. Thus, the relative values ( %VO2peak) 
of VT and RCP relative to VO2peak increased. Older people have 
tend to have ventilatory thresholds relatively closer to the near-
est to VO2peak than younger people [27]. Previous studies con-
ducted among CS pointed to the importance of improving the 
VO2peak and even more the VT and RCP, because the increases are 
positively associated with QoL and they imply intensities near 
those of daily activities [14].
As a result of VO2peak decreasing with age and the lower cardi-
orespiratory fitness of individuals with chronic diseases, the 
general PA guidelines for healthy individuals may not be the 
most appropriate for CS. Furthermore, this population has cardi-
orespiratory limitations and low cardiorespiratory values when 
exercise intensity is based on absolute intensity, i. e., the MET 
method [1, 27]. The relative intensity approach tries to eliminate 
the differences in the absolute values in people of different car-
diorespiratory fitness levels [36]. Nevertheless, relative intensity 
approach has been criticized by some authors because, at the 
same relative intensity, the metabolic response of 2 people could 
be different (i. e., moderate intensity for one but high intensity 
for the other). It is expected that a prescription based on the 
individual ventilatory thresholds (VT and RCP) produces less 
variability in the metabolic response of patients and offers more 
homogenous training stimulus than the use of other relative 
prescription methods such as  %VO2peak,  %HRpeak or  %HRreserve. 
Additionally, ventilatory thresholds better reflect progress or 
training adaptations [3, 29].
There is a wide range of exercise intensity classifications which 
define intensity categories according to relative intensities 
( %VO2peak,  %HRpeak or  %HRreserve) or absolute intensities (MET’s, 
RPE) [1]. The determination of these intensity categories is 
based on regressions of VO2max or  %VO2max for conversion 
into  %HRmax or  %HRres and modifications of previous exercise 
intensity classifications [1, 36], since VO2res and HRres have been 
closely associated [37]. In the ACSM’s position stand moderate 
intensity corresponds to 46–63 % of VO2max (52–67 % for indi-
viduals with a cardiorespiratory fitness lower than 5 METs), 
64–76 % of HRmax or 40–59 % of HRres. The results of our study for 
moderate intensity (VT-RCP) corresponded to 41–64 % of VO2max, 

55–70 % of HRmax or 23–48 % of HRres ( ●▶  Table 4). The conse-
quence of that it could be to overstress the patients when exer-
cise design is perform using the intensity classification of 
international guidelines recommended for healthy population 
and for CS [10]; e. g., from 70 % of HRmax or 48 % of HRres CS would 
be training at high intensity and not in moderate intensity as the 
international guidelines establish. The position statement of the 
Exercise and Sport Science Australia [13] also places moderate 
intensity at 50–75 % of VO2max/HRres and 60–80 % of HRmax. Once 
again, these intensities are overestimating what CS can perform 
at moderate intensity. Previous study classified moderate inten-
sity at 40–60 % of VO2max/HRres or 55–70 of HRmax [30]. In that 
case, the relative intensity of VO2max and HRmax is similar to the 
ones found in the present study, but prescribing with HRres indi-
viduals could be overstressed.
The perceived effort of moderate intensity was between 8 and 
14 points in RPE 20 points scale, signaling that CS overtake VT 
early after starting the exercise and in low subjective apprecia-
tion of the effort. If exercise is designed based on this method, 
activities which are considered as light in international guide-
lines, such as 9–11 points in RPE, actually are moderate intensi-
ties for CS. On the other hand, when exercise intensity is based 
on absolute MET values following the typical classification of 
moderate intensity (3–6 METs) established by current guide-
lines [1, 10, 13], actually CS would be exercising at maximal 
intensities and some of them would not be able to perform at 6 
METs, since the mean peak cardiorespiratory fitness of CS of this 
study in METs is 5.3 ± 1.3. In this study, moderate intensity cor-
responded to 2.5–4 METs. The classification of 3.1–4 METs for 
individuals with a cardiorespiratory fitness lower than 6 METs as 
suggested by ACSM [1] appears to be better adapted to the char-
acteristics of CS. Daily activities such as moving light loads and 
boxes from one place to another, or climbing stairs, which are 
considered to induce 4–6 METs, actually represent high-inten-
sity physical activity for CS. The present study categorized CS 
into different groups based on their cardiorespiratory fitness to 
further specify exercise prescription ( ●▶  Table 3). Relative exer-
cise intensity should be modified according to the cardiorespira-
tory fitness of CS. For the most fit CS group ( > 6 METs) the 
moderate-intensity zone relative to  %VO2peak was more intense 
(41–72 %VO2peak) due to the lower relative value of VT, showing 
significant differences with the other 2 groups (p < 0.001). The 
most deconditioned group (< 4.5 METs) showed the moderate-
intensity zone relative to  %HRpeak (70–84 % HRpeak) to be signifi-

Table 4  Exercise intensity classification guidelines for cancer survivors. Data are presented as relative to estimated HRmax and VO2max.

Intensity relative to maximal exercise capacity in METs

Intensity  %VO2max  %HRmax  %HRres METs RPE  < 4.5 METs n = 39 4.5–6 METs n = 79  > 6 METs n = 34

Light  < 41  < 55  < 23  < 2.5  < 8  %VO2max  < 40  < 42  < 38
 %HRmax  < 56  < 55  < 55
 %HRres  < 22  < 23  < 24
METs  < 2  < 2.5  < 2.9

Moderate 41–64 55–70 23–48 2.5–4 8–14  %VO2max 40–60 42–65 38–67
 %HRmax 56–68 55–70 55–73
 %HRres 22–43 23–47 24–56
METs 2–3 2.5–3.9 2.9–5.3

Vigorous  > 64  > 70  > 48  > 4  > 14  %VO2max  > 60  > 65  > 67
 %HRmax  > 68  > 70  > 73
 %HRres  > 43  > 47  > 56
METs  > 3  > 3.9  > 5.3

HRmax, estimated by equation (206.9 – (0.67 * age); HRres, reserve heart rate (HRmax– HRrest); VO2max, estimated by equation (1.8 (W · 6.1183)/body mass + 7); MET, metabolic 
equivalent; RPE, rating of perceived effort (Borg, 6–20)
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cantly higher than the other 2 groups due to the higher level of 
VT at relative intensities (p < 0.001). Due to low cardiorespiratory 
values of patients of certain diseases, the  %VO2 corresponding to 
the ventilatory thresholds is quite high and it could increase 
with the severity of the disease [27]. This paradoxical phenom-
enon could be due to the attenuated increase of VO2 over the VT 
and/or the low exercise tolerance. In this population, any 
increase over the resting values (~3.5 mL ∙ kg − 1 ∙ min − 1 of VO2) 
represents a high proportion of VO2peak. In this study, the more 
deconditioned the CS was, the higher relative his or her values at 
VT without any difference in RCP.
While the perceived effort does not vary with respect to the car-
diorespiratory fitness, the absolute VO2 values in METs showed 
statistically significant differences among groups, suggesting 
that the prescription should be modified according to the VO2peak 
of the CS. Moderate PA for  < 4.5 METs group was 2–3 METs, 
showing significant differences with the other 2 groups. For the 
4.5–6 METs group the same intensity was 2.5–3.9 METs, whereas 
for the  > 6 METs group moderate intensity was defined as 2.5–
5.3 METs, closer to those of the healthy population [1, 10].
Finally, the outcomes of this study suggest that without follow-
ing an exercise program the post-diagnosis time does not have 
any effect on cardiorespiratory variables and the VO2peak does 
not change. Furthermore, when CS were divided into post-diag-
nosis time groups (< 6 months, 6–12 months, 13–24 months, 
25–60 months and  > 60 months) there were no significant dif-
ferences.
Given the strong association between VO2peak and mortality in 
populations with low cardiorespiratory capacity [21], CS must 
start exercise programs as early as possible. Following exercise 
programs, the improvement in VO2peak has been reported to be 
2.90 mL · kg − 1 · min − 1, and there have been decreases of 
1.02 mL · kg − 1 · min − 1 of VO2peak in CS who did not participate in 
exercise programs [21]. An oncologist should advise his or her 
patients as early as possible to increase their PA levels by doing 
light activities such as walking, cycling or swimming. This would 
improve the adherence [37].
Compared to CS of low cardiorespiratory fitness 
(< 13 mL · kg − 1 · min − 1), those of a moderate cardiorespiratory fit-
ness (13.1–16.9 mL · kg − 1 · min − 1) and high cardiorespiratory fit-
ness ( ≥ 17 mL · kg − 1 · min − 1) exhibit a 21 % and 24 % decrease in 
mortality of any cause. In contrast, a decrease of 1 mL · kg − 1 · min − 1 
(the decrease of inactive CS) has been associated with a 4 % 
increase in mortality of any cause [23].
The limitations of the study should be mentioned. There is a risk 
of population stratification due to the diagnosis data (i. e., differ-
ences of cancer categories and comorbid conditions). On the 
other hand, the sample is very homogenous with regard to types 
of CS, most being breast CS, and very little data being present for 
the remaining cancer types. Despite this the investigation poses 
the question, “Are we heading in the right direction?”.
In summary, the intensities defined by current international PA 
guidelines recommended for healthy population and addition-
ally suggested for CS are not adjusted to the physiological char-
acteristics of CS, and those individuals could be overstressed 
following the prescription of the exercise intensity of those 
guidelines. Furthermore, absolute and relative intensities should 
be modified taking into consideration the cardiorespiratory fit-
ness of the CS. When the individualization of exercise intensity 
in CS is not possible, an exercise intensity design guideline spe-
cific for CS must be employed to provide adapted stimulation 
and achieve the required outcomes. For this reason, a more 

adapted set of exercise intensity prescription guidelines is pre-
sented.
Exercise programs should be considered as an important part of 
cancer recovery therapies as early as possible after diagnosis, 
because CS do not improve their cardiorespiratory fitness inde-
pendently of the post-diagnosis time unless they follow an exer-
cise program.
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