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Introduction

Robust evidence has been accumulated over the last 
decades indicating that high levels of cardiorespiratory 

(aerobic) fitness are inversely and independently 
associated with mortality risk.1-5   In this context, a 
Scientific Statement from the American Heart Association 
published in 20166  proposed that cardiorespiratory 

Int J Cardiovasc Sci. 2023; 36:e20230090

1

ORIGINAL ARTICLE

High Cardiorespiratory Optimal Point Values Are Related to Cardiovascular Mortality in 
Men Aged 46 to 70 Years: a Prospective Cohort Study
Claudio Gil Araújo,1  Plínio Santos Ramos,2  Jari A. Laukkanen,3,4  Jonathan Myers,5,6  Setor K. Kunutsor,7

Matthew P. Harber,8  Thijs M. H. Eijsvogels,9  Beatriz D. Marinho,1  Christina Grüne de Souza e Silva1

Exercise Medicine Clinic, CLINIMEX,1 Rio de Janeiro, RJ – Brazil
School of Medical Sciences (SUPREMA),2 Três Rios, RJ – Brazil
University of Eastern Finland, Institute of Clinical Medicine, Department of Medicine,3 Kuopio – Finland
Wellbeing Services County of Central Finland, Department of Medicine Jyvaskyla,4 Keski-Suomi – Finland 
VA Palo Alto Health Care System, Division of Cardiology,5 Palo Alto, CA – United States
Stanford University,6 Stanford, CA – United States
University of Leicester, Real World Evidence Unit, Diabetes Research Centre, Leicester General Hospital,7 Leicester – United Kingdom
Ball State University, Clinical Exercise Physiology Program, Human Performance Laboratory,8 Muncie, IN – United States
Rabdoud University Medical Center, Department of BioSciences, Exercise Physiology Group,9 Nijmegen – Netherlands

DOI: https://doi.org/10.36660/ijcs.20230090

Mailing Address: Claudio Gil Araújo
Exercise Medicine Clinic, CLINIMEX. Rua Siqueira Campos, 93-101. Postal code: 22031-071. Rio de Janeiro, RJ – Brazil
E-mail: cgaraujo@iis.com.br

Manuscript received June 18, 2023; revised manuscript June 26, 2023; accepted July 5, 2023.

Abstract

Background: Several hemodynamic and respiratory variables measured during cardiopulmonary exercise testing 
(CPX) have been shown to predict survival. One such measure is the cardiorespiratory optimal point (COP) that 
reflects the best possible circulation-respiration interaction, but there are still limited data on its relationship with 
adverse outcomes. 

Objective: To assess the association between COP and cardiovascular mortality in men aged 46 to 70 years.

Methods: A sample of 2201 men who had anthropometric, clinical, and COP data obtained during cycling CPX 
between 1995 and 2022 was extracted from the CLINIMEX Exercise cohort. COP was identified as the minimal 
minute-to-minute VE/VO2 during CPX. Vital data were censored on October 31, 2022 for ICD-10-identified 
cardiovascular deaths. Cox proportional hazard models were used to estimate hazard ratios (HRs) with 95% 
confidence intervals (95% CIs).

Results: The mean ± standard deviation age was 57 ± 6 years and the median COP value was 24 (interquartile  
range = 21.2 to 27.4). During a mean follow-up of 4688 ± 2416 days, 129 (5.6%) patients died from cardiovascular 
causes. The death rates for low (< 28), high (28 to 30), and very high (> 30) categories of COP were 3.2%, 9.6%, and 
18.7%, respectively. Following adjustment for age, history of myocardial infarction, diagnosis of coronary artery 
disease, and diabetes mellitus, the HR (95% CI) for cardiovascular mortality comparing very high versus low COP 
was 2.76 (1.87 to 4.07; p < 0.001).

Conclusions: Our data indicate that, for a general population-based sample of men, COP > 30 represents a 
considerably higher risk for cardiovascular death. Information on COP could assist cardiovascular risk assessment 
in men. 
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advanced medically-supervised exercise programs. The 
CLINIMEX Exercise open cohort was established in 1994 
incorporating all individuals evaluated since. Between 
January 1994 and February 2023, after excluding those 
formally classified as athletes,22 a total of 9055 individuals 
voluntarily underwent a medical-functional evaluation 
to assess their health and levels of physical fitness and to 
obtain advice regarding exercise and/or sports practice. 
The sample was largely white, and most of the individuals 
belonged to the country’s upper socioeconomic and 
education strata. In general, individuals were referred 
by their attending physicians, although some were self-
referred for the evaluations. Only data from their initial 
(baseline) evaluation were utilized for this study in those 
who underwent multiple evaluations. 

For this analysis, a pre-defined sex and age range 
that included data from men aged 46 to 70 years were 
retrospectively reviewed (N = 2792). A final sample of 
2201 individuals was obtained (78.9% of the initial sex- 
and age-selected sample) after applying the following 
inclusion criteria: a) having voluntarily agreed to be 
evaluated and given permission to have their data 
used for research purposes; b) absence of locomotor 
or musculoskeletal complaints or clinical restrictions 
to perform an CPX; c) having undergone a maximal 
CPX using a leg cycling ergometer; and d) having data 
available for censored vital status, including height 
(measured to the nearest 0.1 cm), weight (measured to 
the nearest 0.1 kg, without shoes and while wearing 
minimal clothing), BMI (kg/m2), and COP. In addition, 
information regarding relevant clinical variables were 
reviewed by the evaluating physician and included as 
a yes/no classification for: previous medical diagnosis 
of coronary artery disease; hypertension; dyslipidemia; 
obesity; diabetes mellitus; and history of myocardial 
infarction or coronary revascularization (either bypass 
graft or percutaneous interventions) (see dataset 
flowchart in Supplementary Figure 1).  

COP

All evaluations were carried out by only five well-
trained exercise and sport physicians in a standard exercise 
lab facility, adequately prepared in terms of personnel 
and equipment to deal with medical emergencies.23 
Details regarding the identification and definition of COP 
are available in previously published studies.12-20 In brief, 
during an individualized ramp-protocol cycling CPX 
(Cateye EC 1600, Japan, from 1994 to 2006 and Inbramed 

fitness should be considered as a clinical vital sign. More 
recently, Laukkanen et al.7 published an updated meta-
analysis with data from 37 unique studies comprising 
over 2 million individuals and found a 50% reduction in 
risk for all-cause mortality when comparing higher and 
lower cardiorespiratory fitness tertiles. 

Cardiorespiratory fitness can be estimated by different 
methods, using either formulas based on exercise 
variables such as heart rate, cycling workload, or 
treadmill speed/incline achieved during exercise testing 8,9 

or population-specific questionnaires,10  such as the 
CLINIMEX Aerobic Fitness Questionnaire.11 However, 
whenever possible, directly measured cardiorespiratory 
fitness obtained from a maximal cardiopulmonary 
exercise test (CPX) is preferable, controlling for inter-
individual variability in exercise mechanical efficiency 
and capacity. Using metabolic analyzers, expired 
gases are collected and O2 and CO2 fractions analyzed, 
allowing the determination of ventilation (VE), VO2, 
and VCO2 at designated time intervals. Combining these 
respiratory variables, it is possible to calculate ratios, 
such as the ventilatory equivalent for O2 (VE/VO2). 
During an incremental CPX, there is a clear U-shaped 
pattern when plotting VE/VO2 and a minimal value can 
be easily identified either visually or when a minute-to-
minute listing of VE/VO2 values is available. In 2012,12 the 
CLINIMEX research group initially termed this minimal 
VE/VO2 in a given minute of an incremental CPX as the 
cardiorespiratory optimal point (COP) and characterized 
its sex- and age-related reference values for healthy 
adults. Since this first report, several other studies13-21 
have used COP as a CPX variable with additional 
information on aerobic fitness and of clinical relevance. 
Notwithstanding, more information is still needed to 
confirm its role as a valid CPX measure for survival. 

The aims of the current study were: 1) to assess the 
association between COP and cardiovascular mortality 
in men aged 46 to 70 years; and 2) to verify whether the 
pattern of death rates according to COP were similar at 
each 5-year interval in the 46 to 70 year age range.

Methods

Sample

Exercise Medicine Clinic (CLINIMEX) is a privately-
owned medical enterprise founded at the beginning 
of 1994, located in Copacabana, Rio de Janeiro, 
Brazil. Its primary aim is to provide medical services 
through comprehensive evaluation protocols and 
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CG-04, Brazil from 2007 to 2023) designed to last between 
8 and 12 minutes, the expired gases were collected by the 
use of a Prevent pneumograph (MedGraphics, United 
States) coupled to a mouthpiece, with concomitant 
use of a nose clip. The expired gases were measured 
and analyzed with a TEEM100 system (Aerosport, 
United States) from 1995 to 1999 and VO2000 metabolic 
analyzer (MedGraphics, United States) from 2000 to 
2023. The systems were calibrated with a 2L-syringe 
and with gases of known concentrations before the first 
assessment of the day. Pulmonary VE and O2 and CO2 
partial fractions were expressed every 10 seconds and 
averaged for each minute of CPX using a spreadsheet. 
The COP was obtained by identifying the minimal  
VE/VO2 ratio at a given minute of CPX, thus being a non-
dimensional value. Since COP is obtained at a relatively 
low submaximal exercise intensity, 12-14, 16, 21, 24 individuals 
who did not achieve formal criteria for a maximal CPX 
were not excluded from the study. 

Mortality outcomes 

Vital status (alive or dead) was last censored on October 
31, 2022, and date of death were obtained from the official 
records of the Health Secretary of Rio de Janeiro State. 
ICD-10 coding was used to identify the deaths with 
cardiovascular diseases as the main cause. The duration 
of follow-up was expressed in days, calculated as the 
time between the evaluation and last censored dates. All 
individuals read and signed a consent form allowing the 
evaluation to be undertaken and giving permission to use 
their de-identified results for research purposes. Both the 
evaluation and research protocols were formally registered 
with relevant governmental bodies and approved by an 
external research ethics committee.

Statistical analysis

Baseline characteristics were presented as mean ± 
standard deviation for continuous variables and count 
(percentage) for categorical variables. Depending on 
the type of variable analyzed, chi-square or one-way 
ANOVA were used to compare groups. Death rate 
(%) was separately computed for each decile of COP, 
enabling the identification of the most appropriate data 
grouping for survival analysis (see Supplementary Table 
1), resulting in three numerically convenient round 
values of COP for the grouping: low (< 28), high (28 
to 30) and very high (> 30). Kaplan–Meier curves were 
constructed, and log-rank (Mantel–Cox) tests were used 

to analyze survival times according to COP groups. Cox 
proportional hazard regression models were then used 
to estimate hazard ratios (HRs) with 95% confidence 
intervals (CI) for the association between COP and 
cardiovascular mortality risk, after confirming no major 
departure from the assumptions of the proportionality 
of hazards using Schoenfeld residuals. Data from 
other variables that were significantly associated with 
cardiovascular mortality were used as covariates to 
assess the independence of the association. HRs were 
calculated and progressively adjusted using the following 
four models: unadjusted (model 1); age (model 2); age, 
presence or absence of coronary artery disease, and 
history of myocardial infarction (model 3); age, coronary 
artery disease, history of myocardial infarction, and 
diabetes mellitus (model 4). Selection of covariates for 
adjustment was based on their previously established 
role as risk factors for cardiovascular mortality, according 
to evidence from previously published studies, or their 
potential as confounders based on known associations 
with cardiovascular mortality using the available data.

Additionally, a two-way ANOVA (COP groups and 
age groups) and Tukey’s multiple comparisons were 
conducted to assess the differences in death rates (%) 
between three COP groups within five distinct 5-year 
age intervals: 46 to 50, 51 to 55, 56 to 60, 61 to 65, and 66 
to 70 years. All statistical analyses were conducted using 
Prism 9.5.1. (Graphpad, United States), using a two-tailed 
p < 0.05 as a criterion for statistical significance. This 
written report adhered to STROBE recommendations 
for cohort studies. 

Results

Table 1 presents results for the main variables of 
the study displayed in five columns – all subjects, 
three groups of COP results and p-values for the 
corresponding one-way ANOVA. The mean ± standard 
deviation age was 57.0 ± 6.0 years, with a modest 
(2.9 years) but significant increase from the lowest to 
highest COP group (p < 0.001). Among COP groups, 
there were small differences for height and weight, 
2 cm and 2.5 kg, respectively (p < 0.001), with the 
low COP group (< 28) having the tallest and heaviest 
individuals. When comparing BMI, these small 
differences in height and weight cancelled out, and 
the values were remarkably similar, with a maximal 
difference of 0.2 kg/m2 among the COP groups  
(p = 0.600). Follow-up time was 4688 ± 2419 days for 
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all individuals. For this sample of men aged 46 to 70 
years, percentiles 1, 5, 95, and 99 for COP results were 
16.1, 18.2, 34, and 40.6, respectively, with a median 
value of 24.0. When comparing survivors with those 
who died from cardiovascular causes, a lower COP 
was found in survivors, with a difference in median 
of 5.2. In survivors, the median (interquartile range) 
was 23.8 (21.1 to 27.0), and, in those who died from 
cardiovascular causes, it was 29.0 (24.5 to 34.1)  
(p < 0.001), as shown in Figure 1.

Annual death rate (%) was 5.6% for the entire sample, 
and it increased nearly 6-fold from the low (3.2%) to very 
high (18.7%) COP groups (p < 0.001). Figure 2 presents 
the death rate (%) for low, high, and very high COP 
groups at each 5-year interval. While the relative death 
rate (%) systematically increased from low to high COP 
values in a similar pattern for all five 5-year age intervals  
(p = 0.089), the absolute death rate (%) tended to 
progressively increase for all three COP groups with 
age (p = 0.003). It is also noteworthy that the death rates 
for older (66 to 70 years) individuals with COP < 28 was 

similar (7.4%) to those observed in the high COP group 
(7.3%) at 51 to 55 years. This was less than half that 
observed among younger (46 to 50 years) individuals 

Table 1 – Main results of anthropometric, clinical, and vital data for 2201 men aged 46 to 70 years

Variables
All

[N = 2201]

Low COP  
<28

[N = 1705]

High COP  
28-30

[N = 198]

Very high COP  
>30

[N = 299]
p value

Age (years) 57.0±6.0 56.5±6.8 57.9±6.9 59.4±6.8 <0.001

Height (cm) 174±6.9 175±6.9 173±6.9 173±6.0 <0.001

Weight (kg) 85.2±15.2 85.7±15.4 84.0±13.7 83.2±14.5 <0.001

BMI (kg/m2) 28.0±4.4 28.0±4.4 27.9±4.0 27.8±4.3 0.600

Follow-up (days) 4688±2419 4382±2276 5853±2561 5661±2616 <0.001

Death rate (%) 5.9 3.2 9.6 18.7 <0.001

CAD (%) 34.1 29.6 45.5 52.2 <0.001

MI (%) 15.6 12.4 26.3 26.8 <0.001

PCI (%) 20.8 19.1 23.7 28.4 <0.001

CABG (%) 10.9 7.9 7.2 24.1 <0.001

Hypert (%) 43.9 43.7 41.4 46.8 0.455

Dyslip (%) 46.5 48.1 39.4 42.5 0.021

Obesity (%) 26.4 26.4 25.8 26.4 0.980

Diabetes (%) 12.0 10.9 15.7 16.1 <0.001

Data for continuous variables are mean ± standard deviation; p values < 0.05 were considered significant. 
CABG: previous coronary artery bypass graft; CAD: presence of coronary artery disease; COP: cardiorespiratory optimal point; Dyslip: diagnosis 
of dyslipidemia; Hypert: diagnosis of systemic arterial hypertension; MI: history of myocardial infarction; PCI: previous percutaneous coronary 
intervention.

Figure 1 – Comparison of COP between survivors and those 
who died from cardiovascular causes.
CV: cardiovascular; COP: cardiorespiratory optimal point. * p<0.001 
- for differences
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(16.2%) with very high COP values, that is, > 30. For 
the 24 individuals with COP > 40, 8 (33.3%) died from 
cardiovascular causes during the follow-up. 

Data from eight clinical variables were analyzed 
and further compared among the COP groups. The 
proportion of subjects classified (yes/no) as hypertensive 
was 43.9%, and 26.4% were classified as obese. However, 
no differences were observed among COP groups for 
either hypertension (p = 0.455) or obesity (p = 0.980). On 
the other hand, the proportions for all other five clinical 
variables differed among COP groups, with a trend for 
increasing percentages in the high and/or very high 
COP groups (p < 0.001). Most (86.3%) individuals had 
at least one of these clinical conditions studied: 34.1% 
had a diagnosis of coronary artery disease, 25.7% had 
undergone a revascularization procedure, and 15.6% had 
history of myocardial infarction.

Figure 3 presents Kaplan–Meier curves and 
cardiovascular mortality for the three COP groups. Log-
rank tests indicated that survival curves were different 
(x2 = 61.01; p < 0.001) with a linear trend for increasing 
cardiovascular mortality with progressively higher COP 
values (x2 = 59.91; p < 0.001). 

Results of Cox hazard regression modelling are 
presented in Table 2. The corresponding adjusted HRs 
(95% CIs) for very high COP when using low COP as 
a reference were as follows: in model 1 (unadjusted),  
4.22 (2.89 to 6.17; p < 0.001); in model 2 (age-adjusted), 
3.48 (2.37 to 5.21; p < 0.001); in model 3 (adjusted for 
age, coronary artery disease, and myocardial infarction), 
2.88 (1.95 to 4.26; p < 0.001); and in model 4 (adjusted 

for age, coronary artery disease, myocardial infarction, 
and diabetes mellitus), 2.76 (1.87 to 4.08; p < 0.001). HRs 
for very high and high COP groups were significantly 
different between the low COP reference group for all 
models, except for model 4, in which the difference 
between HR for the high COP group had borderline 
significance (1.57 [0.90 to 2.62; p = 0.096]). 

Discussion

It is known that physiological variables related 
to aerobic performance quantified during a CPX, 
particularly maximum oxygen uptake and COP, are 
strong predictors of survival in healthy and unhealthy 
middle-aged and older individuals.6, 7, 15, 18, 25. Since its 
proposal in 2012,12 COP has been assessed in several 
clinical and physiological studies, by our research 
group and others. COP has also been the topic of several 
editorials26-28 and has been included as a variable to be 
considered in at least two review papers about CPX.29,30 
The current results corroborate previous research 
findings obtained in distinct cohorts from different 
countries, including Brazil,20 Finland,17,18 Portugal,31  

the United States,15 the Netherlands,14 Belgium,32 and 
Germany.33 All these studies have supported the clinical 
relevance of COP and its prognostic role for survival in 
adult men and women, while adding new information 
regarding mortality caused by cardiovascular disease in 
men in a specific age range. 

Our data indicate that, for a general population-based 
sample of men aged 46 to 70 years, COP significantly 

Figure 2 – Comparison of death rates at at for five 5-year 
intervals and for three groups (low, high and very high) 
high) of COP values.
COP: cardiorespiratory optimal point.

Figure 3 – Kaplan–Meier survival curves for three groups 
(low, high, and very high) of COP values.
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differs between survivors and those who have had a 
cardiovascular death. COP > 30 represents a considerable 
cut-off point for a higher risk of death from cardiovascular 
cause. Death rate was 18.7% when the COP was > 30 and 
only 3.2% for those with COP < 28. When controlled 
for age, history of myocardial infarction, presence of 
coronary artery disease, and diabetes mellitus, the HR 
for COP > 30 was 2.76 times higher than for the reference 
group (COP < 28). COP between 28 and 30 exhibited a 
borderline increased risk. Notably, the results showed 
that these risk estimates applied for each 5-year interval 
in the age range from 46 to 70 years. 

The CLINIMEX Exercise cohort and the study sample 

To provide clinically relevant information, 
epidemiological studies should provide an adequate 
combination of event rates, follow-up period, sample 
size, and main characteristics of the sample. The minimal 
required sample size is inversely related to the absolute 
number of events during the follow-up. The follow-up 
period should also consider the characteristics of the 
events being censored as well as age and the typical 
life expectancy for the age of the individuals included 
in the sample. These aspects were considered when 
selecting the sex and the age range of the individuals for 
this current study. Since previous data have indicated 
that age-matched healthy men and women differ in 
terms of COP,12 we selected only individuals of one sex 
(male). While data were available for younger and older 
individuals in the cohort, the death rates were too low 
or too high, respectively, during the available follow-
up period to make meaningful and clinically relevant 
conclusions regarding the association between COP and 
cardiovascular mortality. 

The CLINIMEX Exercise cohort started in 1994. Since 
then, it has been collecting medical and functional data 
among individuals of both sexes aged from 6 to 98 years 
who have voluntarily participated in the evaluation 
protocol. Notwithstanding, there are some characteristics 
of this cohort that deserve specific comments. The 
individuals evaluated in the cohort were primarily white, 
and they pertained to high educational and economic 
strata. Thus, they are not generally representative of the 
Brazilian population. Detailed information about the 
cohort is available in the supplemental materials of a 
previously published study.34 

In spite of the fact that most of the participants 
had a diagnosis of coronary artery disease or risk 

factors at their baseline evaluation, the annualized 
death rate was about half of that expected for the 
general Brazilian population for a similar mean age 
of 57 years.35 This may be due to the demographic 
characteristics of this sample, as well as the possibility 
that these individuals had adhered to prescribed 
optimal medical treatment for their clinical conditions, 
including the chance to participate in a long-term 
medically-supervised exercise program. 

The COP

COP has a very clear and logical physiological 
background, representing the minimal amount 
of ventilation required to consume one liter of 
oxygen and, very likely, reflecting the best possible 
interaction between circulation (heart and vessels) 
and respiration (lungs and cells). A previous study 
has shown that COP is equal or superior to several 
other CPX-related variables in terms of stability of 
measurement.36 Given that it occurs at a submaximal 
exercise intensity, it does not require a maximal 
CPX, a potentially relevant advantage for several 
clinical conditions, as shown, for example, in patients 
experiencing panic disorders.21 In addition, unlike 
several other commonly used CPX variables such 
as VO2 max, VO2 peak, anaerobic or ventilatory 
thresholds, oxygen uptake efficiency slope, the  

Table 2 – Results of unadjusted and adjusted Cox 
hazard proportional regressions (N = 2201)

Hazard ratio  
(95% CI)

COP

Low 
 <28

[N=1704]

High  
28-30

[N=198]

Very high 
>30

[N=299]

Model 1: Unadjusted reference
2.07* 

(1.22-3.50)
4.22* 

(2.89-6.16)

Model 2: Age reference
1.93* 

(1.14-3.26)
3.48* 

2.37-5.11)

Model 3: Age, CAD, 
and MI

reference
1.67 

(0.98-2.83)
2.87* 

(1.94-4.25)

Model 4: Age, CAD, 
MI, and DM

reference
1.57 

(0.92-2.67)
2.76* 

(1.87-4.07)

* p < 0.001. CAD: presence of coronary artery disease; CI: confidence 
interval; DM: presence of diabetes mellitus; MI: history of myocardial 
infarction. COP: cardiorespiratory optimal point.
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VE/VCO2 slope, and others, the determination of COP 
by the examiner is extremely easy to accomplish, and 
it is a practically observer-free error variable. COP 
has been safely determined in different populations, 
including patients with heart failure14, 31, 37 and also 
in individuals over 80 years of age,16 performing 
submaximal and maximal CPX. Indeed, it is possible 
for anyone retrieving data from a CPX performed in 
the past with access to the minute-to-minute listing of 
VE/VO2 results to precisely identify the COP.

Comparison with other studies

The clinical relevance of COP has been assessed in 
healthy adult men,15 in healthy middle-aged men,17,18 
in healthy and unhealthy middle-aged and older 
men and women,20 in a small sample of adults with 
congenital heart disease,33 and in male and female 
patients with heart failure.14, 31 In a previous study 
with the CLINIMEX Exercise cohort,20 COP was 
found to be a strong predictor of all-cause mortality 
in a broad age range (41 to 85 years) among healthy 
and unhealthy individuals who were followed for a 
mean of 6 years. In the United States, Peterman et 
al.,15 found a significant association between COP 
and long-term mortality in 3160 apparently healthy 
individuals (46% women) between 18 and 85 years of 
age. Laukkanen et al.,17, 18 reported a significant role 
of COP in predicting all-cause and cardiovascular 
mortality and sudden cardiac death in a large sample 
of healthy Finnish men aged 42 to 61 years. Two 
different European cohorts of patients with heart 
failure were studied by Reis et al.31 and Kensen et al.,14 
and high values for COP were similarly associated 
with poor survival. In a study conducted at a hospital 
in Lisbon,31 COP had the highest area under curve for 
442 patients with heart failure for cardiac death and 
urgent heart transplantation over a 12-month period, 
and COP significantly added to the prognostic power 
when compared with other CPX ventilatory variables. 
More recently, Wenhart et al.,33 showed that high COP 
values provided an objective feature to differentiate 
lesion severity in adults with congenital heart disease. 

Our study confirms the available data from different 
populations and reinforces COP > 30 as associated 
with poor survival in men.14, 37 Preliminary evidence 
from the CLINIMEX Exercise cohort and from a Dutch 
cohort have suggested that attending exercise-based 
cardiac rehabilitation programs may reduce very high 

COP values.14, 38 In this sense, normalizing a very high 
COP by regular exercise training could be one of the 
pathophysiological mechanisms leading to better 
survival in patients enrolled in cardiac rehabilitation 
programs.39

Study strengths

This study has several strengths, including its 
planning, design, data collection, and analysis. Data 
for this study came from a long-term open cohort that 
has been utilized in several other epidemiological 
studies.20, 40 This dataset has been carefully cleaned 
and organized over several years by the principal 
investigator and close collaborators, making the 
available information accurate and valid.34 The quality 
of censoring was very high, being based on official 
sources reporting ICD-10 classified death certificates 
and complemented, when appropriate, by the patient’s 
electronic records and by information obtained from 
attending physicians, relatives, and close friends. Over 
the 29-year study period, all CPX were conducted 
in a single center/exercise lab, using a cycle ramp 
protocol and metabolic analyzers for expired gases 
from the same manufacturer. All the pertinent medical 
information and CPX were conducted by only five 
specialized physicians, following strict protocols, and 
all data were entered into specifically-designed digital 
forms (Quattro Pro, Corel, Canada). 

In addition, potential confounders were adequately 
controlled. Moreover, since differences in COP by mode 
of exercise (treadmill or cycle) have not been formally 
investigated, we selected only CPXs carried out using a 
leg cycle ergometer.

Study limitations

Due to the previously detailed demographic and 
clinical characteristics of the sample extracted from 
the CLINIMEX Exercise cohort, considerable caution 
should be applied in generalizing these results for other 
populations. Since this was a clinical study using a 
convenience sample of individuals referred to the CPX 
in our clinic for several distinct reasons, mixing healthy 
and unhealthy individuals, it was not possible to control 
for previous or regular use of medications. It has not 
been formally studied whether there is an influence 
of specific medications known to have cardiovascular 
and/or respiratory effects on COP. This should ideally 
be addressed in studies using repeated CPX with 

Int J Cardiovasc Sci. 2023; 36:e20230090

7
Araújo et al.

Cardiorespiratory optimal point and cardiovascular mortality Original Article



individuals on and off selected medications under well 
controlled conditions. 

No maximal CPX data, such as maximum oxygen 
uptake or maximum heart rate, were reported, since 
both submaximal and maximal CPX tests were used 
to analyze the COP. In this context, no direct or 
add-on comparisons were made between COP and 
other hemodynamic and respiratory CPX variables. 
The feasibility and the validity of obtaining COP 
in a submaximal CPX was first shown in our study 
among patients with panic disorders21  and confirmed 
by data from a Portuguese study of patients with 
heart failure.31 Nevertheless, it remains to be properly 
addressed in future studies whether combining COP 
and VO2 max results would improve risk stratification 
more than each of these variables separately. 

Conclusions

COP is a ventilatory variable obtained at a relatively 
low level of exercise intensity when ventilation and 
oxygen uptake data are available (no VCO2 data are 
needed). COP is also simple to obtain in various 
populations, including unhealthy middle-aged 
individuals. This study confirms that very high COP 
(> 30) is strongly associated with cardiovascular 
mortality. In addition, in an objective and practical 
perspective, it is noteworthy that the death rate was 
very low (2% to 3%) during a mean follow-up of > 12 
years for individuals with COP < 28, in the age range 
of 46 to 70 years. When the COP is available, it may 
help practitioners to offer more personalized advice, 
especially for patients with very high COP values (> 
30) who may benefit from a more specific exercise 
prescription and/or referral to a medically-supervised 
exercise program in clinical practice. 

Acknowledgements

To all individuals who were voluntarily tested and 
who have agreed to have their de-identified data used for 
scientific purposes. The authors also thank Drs. Claudia 
Lucia Castro and João Felipe Franca for their help in 
collecting and collaborating for organization of the data for 
this study. We thank the Health Secretary of Rio de Janeiro 
State for providing us access to their vital data records.

 
Author Contributions 

Conception and design of the research, acquisition of 
data and writing of the manuscript: Araújo CG; analysis 
and interpretation of the data and critical revision of the 
manuscript for intellectual content: Araújo CG, Ramos 
OS, Laukkanen JA, Myers J, Kunutsor SK, Harber M, 
Eijsvogels TMH, Marinho BD, Silva CGS; statistical 
analysis: Araújo CG, Ramos PS.

Potential Conflict of Interest
No potential conflict of interest relevant to this article 

was reported.

Sources of Funding
There were no external funding sources for this study. 

Study Association
This study is not associated with any thesis or 

dissertation work.

Ethics Approval and Consent to Participate
This study was approved by the Ethics Committee of 

the CONEP/Brazil CAAE: 40122320.8.0000.9433 under 
the protocol numbe 5.721.476. All the procedures in 
this study were in accordance with the 1975 Helsinki 
Declaration, updated in 2013. Informed consent was 
obtained from all participants included in the study.

1.	 Kokkinos P, Faselis C, Samuel IB, Pittaras A, Doumas M, Murphy R, et 
al. Cardiorespiratory Fitness and Mortality Risk Across the Spectra of 
Age, Race, and Sex. J Am Coll Cardiol. 2022;80(6):598-609. doi: 10.1016/j.
jacc.2022.05.031

2.	 Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood JE. Exercise 
capacity and mortality among men referred for exercise testing. N Engl 
J Med. 2002;346(11):793-801. doi: 10.1056/NEJMoa011858

3.	 Laukkanen JA, Lakka TA, Rauramaa R, Kuhanen R, Venalainen JM, 
Salonen R, et al. Cardiovascular fitness as a predictor of mortality in men. 
Arch Intern Med. 2001;161(6):825-31. doi: 10.1001/archinte.161.6.825

4.	 Blair SN, Kohl HW 3rd, Paffenbarger Jr RS, Clark DG, Cooper KH, 
Gibbons LW. Physical fitness and all-cause mortality. A prospective 
study of healthy men and women. JAMA. 1989;262(17):2395-401. doi: 
10.1001/jama.262.17.2395

References

Int J Cardiovasc Sci. 2023; 36:e20230090

8
Araújo et al.

Cardiorespiratory optimal point and cardiovascular mortalityOriginal Article



5.	 Araujo CG, Franklin B, Laukkanen J, Myers J, Niebauer J, Scharhag J, 
et al. Exercise, Sports & Cardiovascular Health: Relevant Questions 
and Answers. Int J Cardiovasc Sci. 2016;32(4):319-25. doi: 10.5935/2359-
4802.20190060

6.	 Ross R, Blair SN, Arena R, Church TS, Despres JP, Franklin BA, et al. 
Importance of Assessing Cardiorespiratory Fitness in Clinical Practice: 
A Case for Fitness as a Clinical Vital Sign: A Scientific Statement From 
the American Heart Association. Circulation. 2016;134(24):e653-99. doi: 
10.1161/CIR.0000000000000461

7.	 Laukkanen JA, Isiozor NM, Kunutsor SK. Objectively Assessed 
Cardiorespiratory Fitness and All-Cause Mortality Risk: An Updated 
Meta-analysis of 37 Cohort Studies Involving 2,258,029 Participants. 
Mayo Clin Proc. 2022;97(6):1054-73. doi: 10.1016/j.mayocp.2022.02.029

8.	 Souza ES, Kaminsky LA, Arena R, Christle JW, Araujo CG, Lima 
RM, et al. A reference equation for maximal aerobic power for 
treadmill and cycle ergometer exercise testing: Analysis from 
the FRIEND registry. Eur J Prev Cardiol. 2018;25(7):742-50. doi: 
10.1177/2047487318763958

9.	 Peterman JE, Rouleau CR, Arena R, Aggarwal S, Wilton SB, Hauer 
T, et al. Cardiorespiratory fitness estimations and their ability to 
predict all-cause mortality in patients with cardiovascular disease. 
Int J Cardiol Cardiovasc Risk Prev. 2022;15:200154. doi: 10.1016/j.
ijcrp.2022.200154

10.	 Myers J, Chan K, Tan IM, Bail N, Kamil-Rosenberg S, Zell H, et al. A 
Nonexercise Estimate of Cardiorespiratory Fitness Using a Symptom 
Questionnaire and Clinical Variables. J Cardiopulm Rehabil Prev. 
2022;42(4):278-85. doi: 10.1097/HCR.0000000000000695

11.	 Araujo CG, Castro CL, Franca JF, Silva CG. CLINIMEX Aerobic 
Fitness Questionnaire: proposal and validation. Int J Cardiovasc Sci. 
2019;32(4):331-42.

12.	 Ramos PS, Ricardo DR, Araujo CG. Cardiorespiratory optimal point: a 
submaximal variable of the cardiopulmonary exercise testing. Arq Bras 
Cardiol. 2012;99(5):988-96. doi: 10.1590/s0066-782x2012005000091

13.	 Oyarzo-Aravena A, Arce-Alvarez A, Salazar-Ardiles C, Ramirez-
Campillo R, Alvarez C, Toledo C, et al. Cardiorespiratory optimal 
point as a submaximal evaluation tool in endurance athletes: An 
exploratory study. Front Physiol. 2023;14:1087829. doi: 10.3389/
fphys.2023.1087829

14.	 Kroesen SH, Bakker EA, Snoek JA, van Kimmenade RR, Molinger J, 
Araujo CG, et al. Clinical Utility of the Cardiorespiratory Optimal Point 
in Patients with Heart Failure. Med Sci Sports Exerc. 2023. doi: 10.1249/
MSS.0000000000003206

15.	 Peterman JE, Harber MP, Fleenor BS, Whaley MH, Araujo CG, 
Kaminsky LA. Cardiorespiratory Optimal Point Is a Submaximal 
Exercise Test Variable and a Predictor of Mortality Risk: THE BALL 
STATE ADULT FITNESS LONGITUDINAL LIFESTYLE STUDY 
(BALL ST). J Cardiopulm Rehabil Prev. 2022;42(6):E90-E6. doi: 10.1097/
HCR.0000000000000711

16.	 Bolados C, Ferrari G, Valdivia-Moral P, Vidal-Diaz F, Ramirez-Velez 
R, Izquierdo-Redin M. Sub Maximal Ergospirometry Parameters 
in Untrained Non-Frail Octogenarian Subjects. Medicina (Kaunas). 
2022;58(3):378. doi: 10.3390/medicina58030378

17.	 Laukkanen JA, Savonen K, Hupin D, Araujo CG, Kunutsor SK. 
Cardiorespiratory optimal point during exercise testing and sudden 
cardiac death: A prospective cohort study. Prog Cardiovasc Dis. 
2021;68:12-8. doi: 10.1016/j.pcad.2021.09.001 

18.	 Laukkanen JA, Kunutsor SK, Araujo CG, Savonen K. Cardiorespiratory 
optimal point during exercise testing is related to cardiovascular and 
all-cause mortality. Scand J Med Sci Sports. 2021;31(10):1949-61. doi: 
10.1111/sms.14012

19.	 Silva CG, Castro CL, Franca JF, Bottino A, Myers J, Araújo CG. 
Cardiorespiratory optimal point in professional soccer players: a novel 
submaximal variable during exercise. Int J Cardiovasc Sci. 2018;31(4):323-
32. doi: 10.1111/sms.14012

20.	 Ramos PS, Araujo CG. Cardiorespiratory optimal point during 
exercise testing as a predictor of all-cause mortality. Rev Port Cardiol. 
2017;36(4):261-9. doi: 10.1016/j.repc.2016.09.017

21.	 Ramos PS, Sardinha A, Nardi AE, Araujo CG. Cardiorespiratory optimal 
point: a submaximal exercise variable to assess panic disorder patients. 
PLoS One. 2014;9(8):e104932. doi: 10.1371/journal.pone.0104932

22.	 Araujo CG, Scharhag J. Athlete: a working definition for medical and 
health sciences research. Scand J Med Sci Sports. 2016;26(1):4-7. doi: 
10.1111/sms.12632

23.	 Meneghelo RS, Araujo CG, Stein R, Mastrocolla LE, Albuquerque PF, 
Serra SM, et al. III Diretrizes da Sociedade Brasileira de Cardiologia 
sobre teste ergométrico. Arq Bras Cardiol. 2010;95(5 Suppl 1):1-26. doi: 
10.1590/S0066-782X2010000800001

24.	 Charitonidis K, Koutlianos N, Anagnostaras K, Anifanti M, Kouidi E, 
Deligiannis  A. Combination of novel and traditional cardiorespiratory 
indices for the evaluation of adolescent volleyball players. Hippokratia. 
2019;23(2):70-4. PMID: 32265587

25.	 Gabriel K, Jaeger BC, Lewis CE, Sidney S, Dooley EE, Carnethon 
MR, et al. Analysis of Cardiorespiratory Fitness in Early Adulthood 
and Midlife With All-Cause Mortality and Fatal or Nonfatal 
Cardiovascular Disease. JAMA Netw Open. 2023;6(2):e230842. doi: 
10.1001/jamanetworkopen.2023.0842

26.	 Mendes M. Can cardiopulmonary exercise test contribute to train 
soccer players? Int J Cardiovasc Sci. 2018;31(4):318-9. doi: 10.5935/2359-
4802.20180042

27.	 Laukkanen JA. Is cardiorespiratory optimal point measured during the 
maximal cardiopulmonary exercise test a relevant indicator of sports 
performance? Int J Cardiovasc Sci. 2018;31(4):320-2. doi: 10.5935/2359-
4802.20180041

28.	 Abreu A. Has the ideal and universal prognostic index in cardiorespiratory 
exercise testing been identified? Rev Port Cardiol. 2017;36(4):271-2. doi: 
10.1016/j.repc.2017.02.004

29.	 Das BB. A Systematic Approach for the Interpretation of Cardiopulmonary 
Exercise Testing in Children with Focus on Cardiovascular Diseases. J 
Cardiovasc Dev Dis. 2023;10(4)178. doi: 10.3390/jcdd10040178

30.	 Herdy AH, Ritt LE, Stein R, Araujo CG, Milani M, Meneghelo RS, et 
al. Cardiopulmonary Exercise Test: Background, Applicability and 
Interpretation. Arq Bras Cardiol. 2016;107(5):467-81. doi: 10.5935/
abc.20160171

31.	 Reis J, Goncalves A, Bras P, Moreira R, Silva T, Timoteo AT, et al. 
The prognostic value of the cardiorespiratory optimal point during 
submaximal exercise testing in heart failure. Rev Port Cardiol. 
2022;41(9):751-8. doi: 10.1016/j.repc.2021.06.023

32.	 Long L, Mordi IR, Bridges C, Sagar VA, Davies EJ, Coats AJ, et al. Exercise-
based cardiac rehabilitation for adults with heart failure. Cochrane 
Database Syst Rev. 2019;1(1):CD003331. doi: 10.1002/14651858.CD003331.
pub5

33.	 Wernhart S, Mincu R, Balcer B, Rammos C, Muentjes C, Rassaf T. The 
cardiorespiratory optimal point as a discriminator of lesion severity in 
adults with congenital heart disease. J Sports Med Phys Fitness. 2023 
Aug;63(8):941-948. doi: 10.23736/S0022-4707.23.14835-3

34.	 Araújo CG, Silva CG, Castro CL, Laukkanen JA, Myers J, Niebauer 
J, et al. Mortality during the COVID-19 pandemic: findings from the 
CLINIMEX exercise cohort in the year of 2020. medRxiv. 2021. doi: 
10.1101.2021.03.17.21253138

35.	 Instituto Brasileiro de Geografia e Estatística (IBGE) Tabelas de 
mortalidade - 2021 (homens) Rio de Janeiro; 2022 [Cited in 2022 Dec 12] 
Available from: https://www.ibge.gov.br/estatisticas/sociais/populacao/9126-
tabuas-completas-de-mortalidade.html?edicao=35598&t=resultados.

36.	 Ramos PS, Araújo CG. Análise da estabilidade de uma variável 
submáxima em teste cardiopulmonar de exercício: ponto ótimo 
cardiorrespiratório. Rev Bras Ativ Fis Saude. 2013;18(5):585-93. doi: 
10.12820/rbafs.v.18n5p585

Int J Cardiovasc Sci. 2023; 36:e20230090

9
Araújo et al.

Cardiorespiratory optimal point and cardiovascular mortality Original Article

https://www.ibge.gov.br/estatisticas/sociais/populacao/9126-tabuas-completas-de-mortalidade.html?edicao=35598&t=resultados
https://www.ibge.gov.br/estatisticas/sociais/populacao/9126-tabuas-completas-de-mortalidade.html?edicao=35598&t=resultados


This is an open-access article distributed under the terms of the Creative Commons Attribution License

37.	 Brito J, Silva P, Ricardo I, Cunha N, Pinto R, Raposo M, et al. Cardiac 
optimal point: identifying high risk patients for an optimal approach. 
Eur J Prev Cardiol. 2022;29(1):i305.

38.	 Araujo CG, Nishijuka FA, Ramos PS, Castro CL, Franca JF, Silva CG. 
Cardiorespiratory optimal point improves after one year of attendance 
to a medically-supervised exercise program. Eur J Prev Cardiol. 
2019:26(1 suppl):S125.

39.	 Dibben GO, Faulkner J, Oldridge N, Rees K, Thompson DR, Zwisler AD, 
et al. Exercise-based cardiac rehabilitation for coronary heart disease: 
a meta-analysis. Eur Heart J. 2023;44(6):452-69. doi: 10.1093/eurheartj/
ehac747

40.	 Brito LB, Ricardo DR, Araújo DS, Ramos PS, Myers J, Araújo CG. Ability 
to sit and rise from the floor as a predictor of all-cause mortality. Eur 
J Prev Cardiol. 2014;21(7):892-8. doi: 10.1177/2047487312471759

*Supplemental Materials
For Supplementary Figure, please click here.
For Supplementary Table, please click here.

Int J Cardiovasc Sci. 2023; 36:e20230090

10
Araújo et al.

Cardiorespiratory optimal point and cardiovascular mortalityOriginal Article

http://ijcscardiol.org/supplementary-material/2023/36/2023-0090_AO_Supplementary-Figure.pdf
http://ijcscardiol.org/supplementary-material/2023/36/2023-0090_AO_Supplementary-Table.pdf

