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ABSTRACT
Introduction: The peak oxygen uptake (VO2peak) is considered a
valid indicator of the cardiovascular system function, and when
measured on a metabolic cart it is considered the gold standard
for cardiorespiratory fitness. Prediction equations have been
developed to indirectly determine VO2 peak; however, there are
no equations specific to Costa Rican older adults.
Aim: To develop a VO2peak prediction equation for Costa Rican
adults over 60 years using the distance achieved on the Six
minutes Walking Test (6MWT) and anthropometrical measures.
Materials and Methods: Seventy-nine adults (Mean
age=68.8±4.79 yr.) read and signed the informed consent, then
scanned on DXA for body composition, then measured the HR
before and after the 6MWT. Following a 10-minutes recovery
period from the 6MWT, they performed a VO2peak treadmill test

with breath-to-breath calorimetry gas analysis. The prediction
model included body weight, height, Body Mass Index (BMI),
body fat mass index, distance on the 6MWT, and change in
Heart Rate (HR) following the 6MWT.
Results: The prediction equation was VO2peak=17.59+0.028
{6MWT(m)}–0.256{BMI (kg/m2)}–2.567 (gender: 0 male, 1
female)±3.25 ml•kg-1•min-1 (R2=0.48). A strong correlation (r=0.70,
p<0.01) between predicted and measured calorimetry VO2peak
values was obtained; yet, a poor concordance based on Lin’s
coefficient (r=0.61).
Conclusion: A VO2peak prediction equation with high accuracy
and highly correlated to directly-measured VO2peak was
developed for urban Costa Rican older adults. Non-specific
population equations are not valid to predict VO2peak in urban
Costa Rican older adults.
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INTRODUCTION
The older adult population has dramatically increased worldwide;
for most countries, life expectancy is higher than it was 50 years
ago. In Japan, more than 30% of the population is older than 65
years while in Costa Rica, the average age is 73.3 years and, in
Nicoya, a canton located in the North of the country, 80% of its
inhabitants are older than 65 years. This place is considered a
Blue Zone, one of the five places in the world where longest-lived
people live [1,2].
Aging is a multidimensional process characterised by physical
and mental changes that diminish functionalities, and affect
independency and quality of life [3,4]. It is recognised that after
the age of 30, humans begin an accelerated aging process where
physical function declines at a rate of 0.75% to 1% annually;
where deleterious physical function changes are more evident
after the age of 60 [4]. Functional ability is associated with health
and physical performance independent of the age. Physical
performance has been related to mortality and muscular function
related variables (e.g., walking speed, balance, strength) [4].
The peak oxygen uptake (VO2peak) is defined as the maximum
oxygen uptake reached by a subject in a period, and it is usually
determined by indirect calorimetry (“gold standard”) during a
Gradual maximal Exercise Tests (GXT). The oxygen is transported
in the blood and used in the muscle to re-synthesise ATP to convert
chemical into mechanical energy during muscular contraction
[5,6]. Therefore, VO2peak is an indicative of cardiovascular function
or cardiovascular fitness closely associated to quality of life in all
populations.
The gold standard used to measure VO2peak provides the most valid
and accurate values; however, the technique requires expensive
equipment, usually well-trained staff and using a complex treadmill
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or cycle ergometer protocol for a specific population. Therefore,
indirect methods have been used to estimate VO2peak; for instance,
the 1-mile walking test, 1.5-mile running test, 600 yards walking/
jogging, and the Six Minutes Walking Test (6MWT) [7,8].
The decision of using a maximal or sub-maximal test depends on
the materials and/or the equipment at hand, but especially on the
participant’s number of risk factors. One of the most recommended
indirect technique for estimating VO2peak in older adults is the 6MWT
[9]. This protocol is inexpensive, it follows simple instructions, it
requires just a few materials and it is safe since during the 6MWT,
the majority of older adults reach 80% of their VO2peak [10]. The
6MWT measures the distance an individual is able to walk over a
total of six minutes on a hard, flat surface. The participants have
to walk as fast as they can, neither jogging nor running [11]. This
test was originally designed for patients with heart failure and
respiratory diseases [7]. It has been suggested that the distance
achieved during the test predicts aerobic capacity and mortality
[7,12].
There are equations for the 6MWT developed using predictive
variables such as gender, body weight, body height, Heart
Rate (HR), and Body Mass Index (BMI=body weight in kg/body
height in m2). These equations have been developed in different
geographical locations; consequently, these equations should not
be used interchangeably as a “one equation fits all”. For example,
equations for Koreans [13], Indians [14,15], and Brazilians [16]
have been developed but these should not be used around the
world. We face the same inconvenience with predictive equations
to determine VO2peak using the distance in the 6MWT as a predictive
variable [Table/Fig-1].
These equations were developed on participants from the United
1

Mariana Peralta-Brenes et al., Prediction of Peak Aerobic Power in Costa Rican Older Adults
Reference

[17]

[18]

[19]

[20]

Equation

Characteristics

VO2max=0.03×6MWT(m)+3.98±3.32

r=0.64
r2=0.42
p<0.001
SEE=3.32 mL·kg-1·min-1.
Sample: 45 people with
cardiac risk factors.
Location:
Massachusetts
Mean age: 49±8 yr.

VO2max=0.01426×6MWT(m)+7.222±2.48

r=0.54
r2=0.29
p<0.001
SEE=2.48 mL·kg-1·min-1.
Sample: 97 men and
women with cardiac
risks.
Age: older than 65 yr.

VO2peak=0.0105×6MWT(m)+0.0238×age
(yr.)×0.03085×weight(kg)+5.598

r=0.65
r2=0.42
p<0.01
Sample: 65 cardiac risk
Nigerian people
Age: not reported

VO2max=26.9+0.014×6MWT(m)–
0.38×BMI(kg/m2)

6MWT and VO2max
(r=0.22, p=0.02)
BMI and VO2max
(r=–0.382, p<0.001)
Sample: 97 French
obese youth
Age: 7-17.8 yr.

[Table/Fig-1]: Selected oxygen uptake prediction equations. Predicted values are
mL·kg-1·min-1.

States [17,18], Nigeria [19], and France [20]. Some of these
equations were developed using heart failure participants. Presently,
no VO2peak equations have been developed on healthy Latin American
older adults. Therefore, the purpose of this study was to develop an
equation to predict the VO2peak in Costa Rican older adults using
the 6MWT and selected anthropometrical predictor variables. A
secondary aim was to compare the new equation to previously
published equations.

MATERIALS AND METHODS
Design and Participants
A cross-sectional correlational design was used [21]. The sample
consisted of 79 urban Costa Rican older adults (26 men and
53 women). Participants underwent a comprehensive medical
assessment prior to engaging in the testing. Medical records
indicated that participants did not have injuries, disabilities or gait
problems that prevented them from walking, or any significant
cardiovascular or metabolic problems.

Measurement Instruments
Anthropometric equipment included a freestanding stadiometer
(Novel Products Inc., model DES 290-337, Rockton, IL, USA) with
a precision of 0.5 cm used to measure body height (cm). Body
weight (kg) was measured using a Camry electronic balance (model
EB 9021, City Industry, CA, USA), with a precision of 100 g. The
BMI was calculated using the two previous measures. Fat mass
(%) was measured using Dual-energy X-ray absorptiometry (DXA),
on General Electric Lunar Prodigy Advance equipment (General
Electric, Madison, WI, USA).
The VO2peak (ml·kg ·min ) was measured using a Jaeger CPX
metabolic cart (CareFusion Corporation, San Diego, CA, USA),
and 12-lead ECG. The GXT was performed on a HP Cosmos
treadmill (model LE 300 CE, Germany) using the modified Balke
protocol. This protocol consists of one-minute warm-up and 11
stages of 2 minute activity. In every stage the elevation and/or
the speed were increased. A two-minute recovery stage was
given at the end of the test.
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The 6MWT consisted of walking on a flat surface, as fast as the
subject could for 6 minutes [22]. This test has a high test re-test
reliability (r=0.90-0.96) and a convergent validity with a treadmill
VO2 test (r=0.71-0.81) [23]. To measure the distance, a Komelon
odometer (Korea) was used. The HR percentage change was
calculated as HR (∆%)={(HRafter-HRbefore)/HRbefore}×100, using a
FaceLake fingertip pulse oximeter model CM550DL (FaceLake,
Lake Bluff, IL, USA) measuring the HR before and after performing
the 6MWT.

Procedures
To conduct the study the Helsinki Declaration of 1975 (revised in
2000) was followed and the Scientific Ethics Committee of the
University of Costa Rica approved the protocol.
The participants were given appointments to the Human Movement
Sciences Research Centre (CIMOHU) for all testing. Upon arrival,
each participant read and signed the informed consent. Secondly,
they were weighted and measured for height. Third, they were asked
to lie down on the DXA bed and they were scanned to analyse the
percentages of lean mass and fat mass. Then, the pulse oximeter
was placed in the index finger for 10 seconds to measure HR before
the 6MWT. After this, the participants performed the 6MWT. All the
participants were instructed to walk in a self-pace, without running.
Once the time was over, a mark was placed to identify exactly where
everyone finished and to measure the distance with the odometer.
Immediately, a post-6MWT HR was measured.
Following a 10-minute recovery period from the 6MWT, participants
were prepared to perform the VO2peak treadmill test. Laying down
and relaxed, 12 electrodes were placed on the subject’s chest, so a
physician could monitor the heart’s electrical activity during the test.
Participants wore an exhaled air collection mask properly attached
to the metabolic cart. Everyone was instructed about the modified
Balke protocol, and the test was finished when at least two of the
following criteria were met: 1) the participant’s request to stop the
test; 2) the VO2 was unchanged in spite of an increase in workload;
3) the respiratory exchange ratio was higher than or equal to 1.1;
4) the HR was higher than 100% of the participant’s age-predicted
maximal HR [19].

STATISTICAL ANALYSIS
The statistical packages used to analyse data were the IBM-SPSS
version 23 (IBM Corporation, Armonk, NY) and the MedCalc, version
16.8 (Ostend, Belgium). The statistical significance was established
a priori in p<0.05. Descriptive statistics mean and standard deviation
(M±DE) are reported for all variables. With continuous data, a
prediction model of aerobic power using a multiple linear regression
analysis was made in which the criteria variable or dependent (Ŷ     ) was
VO2peak. The model studied was Ŷ    =a+b1(X1)+b2(X2)+bn(Xn)±standard
error of the estimate, in which Ŷ   is the dependent variable and X
represents every predictive variable that enters in the model. The
predictor or independent variables (Xn) were: 1) body height; 2)
body weight; 3) ∆HR; 4) body fat%; 5) lean body mass; and 6) BMI.
Predictive variables were continuous and they were included in the
regression model using the “stepwise” method. The regression
assumptions of normality, homoscedasticity, and linearity were also
studied [24].
Comparisons were made between current data and previous aerobic
power equations [Table/Fig-1]. To study associations, differences
and concordance, the Pearson correlation coefficient, a repeated
measures t-test, and Lin’s concordance correlation coefficient [25]
were computed, respectively. Indeed, differences were obtained
between VO2peak values from calorimetry and predicted values using
the equations presented in [Table/Fig-1]. Concordance was defined
as poor (<0.90), moderate (0.90-0.95), substantial (0.95-0.99) or
almost perfect agreement (>0.99) based on Lin’s coefficient [25]. The
concordance was visually analysed using a Bland-Altman plot [26].
Journal of Clinical and Diagnostic Research, 2018, Nov, Vol-12(11): CC01-CC04
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RESULTS
The descriptive statistics for the 79 Costa Rican older adults is
presented in [Table/Fig-2]. The age, the BMI, and the % HR changes
are similar between men and women. There were differences in
body weight, body height, VO2peak, 6MWT, body fat percentage, and
the percentage of lean mass between men and women, in which
women showed higher fat percentage and men showed higher
values in the remaining variables.
Males (n=26)

Variables

Females (n=53)

p≤

M

SD

M

SD

Age (yr.)

68.9

4.5

68.8

5.0

0.96

BMI (kg/m2)

27.1

3.9

27.7

5.4

0.72

Weight (kg)

75.8

14.3

65.9

11.9

0.01

Height (cm)

166.8

7.3

154.8

5.7

0.01

VO2peak (ml·kg-1·min-1)

25.9

4.3

21.5

3.8

0.01

6MWT (m)

541.6

59.3

478.6

59.0

0.01

HR (∆%)

65.6

30.3

67.0

24.5

0.83

Body fat mass (%)

30.6

7.4

42.4

6.4

0.01

Lean mass (%)

66.8

7.0

55.8

6.1

0.01

[Table/Fig-2]: Descriptive statistics for Costa Rican older adults (n=79).
BMI: Body mass index; 6MWT: Six-minutes walking test; HR: Heart rate percentage change

The multiple linear regression model analysed included only the
predictor variables 6MWT, BMI, and gender (R2=0.48). The equation
is as follows: VO2peak (mL·kg-1·min-1)=17.59+0.028{6MWT (m)}–
0.256{BMI (kg/m2)}–2.567 (Gender)±3.25 mL·kg-1·min-1, where gender
is defined as 0=men and 1=women.
The equations shown in [Table/Fig-1] predicted values, in mL·kg-1·min-1
of 19.0±1.9 [17], 14.3±0.9 [18], 14.3±0.9 [19], 23.5±2.3 [20] compared
to 23.3±3.1 (current study). All values were compared with the obtained
gold standard (22.9±4.4) [Table/Fig-3].
Reference

[17]

[18]

[20]

[19]

Current Study

Pearson’s
correlations

0.61

0.61

0.54

0.39

0.70

t-test
differences

p<0.01

p<0.01

p>0.05

p<0.01

p>0.05

0.27

0.05

0.43

0.03

0.61

Lin’s
concordance

[Table/Fig-3]: Correlation, difference and concordance between the VO2peak obtained
from the prediction equations and the VO2peak obtained from the gold standard in the
current study.

[Table/Fig-4]: Bland-Altman graph with VO2peak predicted values and the VO2peak
measured with the gold standard.

American (mainly US), Nigerian, and French populations who have
different anthropometric and physical characteristics compared to
Latin Americans. The geographical difference does not only exist
with equations to predict VO2peak but also for other equations.
Casanova C et al., conducted a study aimed at developing an
equation for predicting distance in the 6MWT [27]. In the study,
data on 444 participants from seven countries were analysed. The
authors reported differences in the distance covered and developed
a prediction equation; however, cautioned about using the equation
in different populations. Therefore, it seems mandatory to develop
new equations with samples with similar features [27].
In Singapore, a study confirmed this geographical difference. The
researchers tried to validate an equation to predict the distance in
the 6MWT; however, the equation was developed for Caucasians.
Significant differences were found between the measured distance
and the estimated one, with higher predicted than the measured
distance (mean difference=75 m) [28]. The study by CarpioRivera E et al., in a Costa Rican sample supports the contention
that geographical difference exists when predicting physiological
variables [29]. The study was designed to determine if an equationpredicted body adiposity index was valid to estimate body fat mass
(%) in Costa Rican university students. One hundred ninety-nine
students were evaluated, using DXA as the “gold standard” and
it was found that the body adiposity index predicted values were
different from true measures [29].

All the associations were significant; however, the highest
correlation was the obtained with the new equation derived from
the current study (r=0.70, p<0.05). In regards to the differences,
the VO2peak obtained with the equations by Cahalin LP et al., [17],
Maldonado-Martin S et al., [18], and Adedoyin R et al., [19] were
different (p<0.01) to the directly-measured VO2peak. The values
obtained with Vanhelst J et al., and the equation obtained in the
current study did not differ with the directly-measured VO2peak
[20]. In relation to the concordance, all the predicted values had a
poor concordance (r<0.61) when compared to directly-measured
VO2peak values. Concordance is shown in the Bland-Altman graphic
[Table/Fig-4].

In addition, there are also geographical differences within every
country when estimating physical variables from prediction
equations. For instance, a prediction equation for the distance
people could walk in the 6MWT was developed in India with subjects
from the southern and the northern regions of the country. When
the equation developed for people from the West India was applied,
the authors found that the equation significantly overestimated
the true distance measured [14]. The opposite occurred in Brazil,
where researchers analysed an equation to predict the distance in
the 6MWT. Three regions were studied, southeast (n=194), south
(n=271), and northeast (n=152). No differences between-regions
were found in the predicted and the measured distances in the
6MWT [16].

DISCUSSION

Limitation

The aim of this study was to develop a VO2peak prediction equation
for urban Costa Rican adults over 60 years. The main finding of this
study was that the new equation was accurate (±3.25 ml·kg-1·min-1)
and highly correlated to directly-measured VO2peak. The predicted
values based on this new equation have a positive and significant
correlation with the true measured VO2peak; however, the consistency
between these two values is poor based on Lin’s standards [25].
The equations previously published do not accurately predict
VO2peak in Costa Rican older adults since these were developed for
Journal of Clinical and Diagnostic Research, 2018, Nov, Vol-12(11): CC01-CC04

This study has some limitations. First, the study only included urban
older adults physically-able to perform laboratory and field tests;
therefore, institutionalised older adults, who had different locomotion,
cognitive and cardiovascular characteristics were not included.
That group of elderly requires further examination. Secondly, the
regression model might have included more predictive variables
to increase the statistical power of the estimates. Therefore, new
VO2peak predictive models are needed when studying older adults.
3
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CONCLUSION
A VO2peak prediction equation for urban Costa Rican adults over 60
years was developed with an accuracy of ±3.25 mL·kg-1·min-1 and
highly correlated to directly-measured VO2peak. It was also concluded
that non-specific population equations are not valid to predict VO2peak
in urban Costa Rican older adults. The new equation developed in
this study explains almost 50% of the variance and has a small
predictive error. It is recommended to use a predictive equation that
has been developed based on subjects with similar geographical
characteristics and to include more independent variables in order
to explain a wide range of variance of VO2peak in older adults.
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