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The oxygen uptake efficiency slope (OUES) is an index of functional
cardiopulmonary reserve derived from submaximal values of oxygen uptake (VO2) measured
during cardiopulmonary exercise testing (CPX). The OUES was first described by Baba et
al." and involves plotting VO2 against the logarithm of minute ventilation (VE) at
submaximal work rates according to the equation: VO2 = a x logVE + b, in which "a" is the
OUES value. A higher "a" value indicates a steeper slope, which corresponds to greater
oxygen uptake during exercise, indicating better efficiency.

The interest in submaximal VOz2 values emerged in patients with heart disease due to
restrictions in achieving maximum effort levels, especially in more severe cases, for which
the prognostic value of peak variables is lower?. As the calculation of OUES does not depend
on maximum effort, factors that would affect the reliability of the measure (e.g., protocol
used, patient motivation, and tester’s subjective choice of test end point) are minimized'~>,
consequently increasing measurement reproducibility>>”7 Regarding risk stratification, the

prognostic value of OUES has already been documented in apparently healthy males®, and in

3,9,10 11,12

a variety of cardiovascular conditions, such as heart failure™”'", coronary artery diseases
and congenital heart diseases'>. In the study by Davies et al.?, for example, OUES was the
only CPX variable capable of predicting mortality events in a multivariate analysis. Another
clinical use of the variable is to assess improvements after interventions such as
cardiovascular rehabilitation!!-!415,

For clinical application, calculated OUES is compared to reference values obtained in
healthy populations®!®!°. However, the reference sample does not always have the same
demographic characteristics and phenotype, which can generate considerable heterogeneity
among studies. Moreover, some authors presented OUES values normalized by body surface

area (OUES/BSA)'7, body mass (OUES/kg)'3, or the division of reference values by body

mass index (BMI) subgroups'’, increasing variability in the available data.



Five reference value studies are currently available in the scientific literature®!6-1°,

Hollenberg et al.? was the only study developed for treadmill CPX, while the other studies
were performed for cycling CPX!6!® or both ergometers'®. Hollenberg et al.> however
described a OUES predictive equation rather than providing reference value tables with a
North American sample aged 53 - 89 yr. Sun et al."” described predictive equations in a
sample aged 17 - 78 yr including both a treadmill and cycle ergometer and reported higher
OUES values on the former. Buys et al.'® described absolute and BSA-normalized OUES
stratified by sex and age group in a European sample (Belgium and the Netherlands) aged 20
to 60 yr. Barron et al.'” described the absolute OUES in a German sample aged 25 to 84 and
distributed according to BMI. More recently, Ashikaga et al.'® described absolute OUES
values in a Japanese sample aged 20 - 78 yr.

Similar to peak VO2%*?*, the OUES can be highly influenced by anthropometric
variables, with lower values for females®®!6-1°, Likewise, the OUES is potentially influenced
by the sample characteristics, as significant peak oxygen uptake (VOzpeak) heterogeneity is

found among countries®!->32

, which underscores the importance of using appropriate OUES
reference values for properly assessing patient characteristics and ensuring the adequate
clinical application of the index.

To the best of our knowledge, however, the OUES has not yet been previously
described in a South American adult population and no comparisons across nationalities have
been performed. Therefore, the aim of the present study was to provide comprehensive
OUES reference values for treadmill CPX in healthy Brazilian adults stratified by sex and age
group. The information is provided in all previously described formats, including absolute
(OUES) and normalized (OUES/kg and OUES/BSA) values as well as predictive equations.

The secondary objective was to compare all previously published OUES reference value

tables from different nationalities to the Brazilian data using the pooling method approach.



METHODS
PARTICIPANTS

A retrospective cross-sectional study was conducted with 7,843 treadmill CPX
assessments performed at an experienced laboratory in Brasilia (city in the Midwest region of
Brazil) between January 2011 to March 2020. This city received intense migration from
several regions of the country in the mid-1960s due to the relocation of the capital. Thus, the
study sample may represent a casual pooled data of the different regions of Brazil*!. All
exams were performed and interpreted by the same experienced physician following
established guidelines?’2%,

The inclusion criteria were subjects aged > 20 yr and respiratory exchange ratio
(RER) > 1.0 at peak exercise. The exclusion criteria were (1) history or symptoms of
cardiovascular, pulmonary, oncologic, rheumatic, and severe orthopaedic disease; (2)
presence of cardiovascular risk factors (e.g., hypertension, diabetes mellitus, current smoking,
and obesity); (3) cardiac abnormalities during CPX (myocardial ischemia or non-analysable
effort electrocardiogram); and (4) missing data.

This study received approval from the Human Research Ethics Committee of the

University of Brasilia (CAAE: 35706720.4.0000.8093). Due the retrospective nature of the

study, informed consent was waived.

CLINICAL ASSESSMENT
Before performing CPX, the subjects underwent a standardized clinical assessment,
with the collection of demographic and anthropometric variables as well as clinical

information regarding cardiovascular risk factors and previous diseases. The demographic



and anthropometric variables were age (yr), sex, weight (kg), height (m), BMI (kg.m™), and

BSA (m?) calculated using the DuBois equation®.

CARDIOPULMONARY EXERCISE TESTING

The CPX was performed using a treadmill (Centurium 200, Micromed) with a breath-
by-breath gas analysis system (Cortex Metalyser 3B) and 12-lead electrocardiographic
monitoring (Ergopc Elite, Micromed). Symptom-limited maximal exercise testing was
performed with an individualized ramp protocol. Treadmill speed started at 2 to 4 km.h™! with
0% inclination. The load increase rate was linear and adjusted according to age and sex, with
a steeper speed increase in males and younger subjects and the use of a steeper inclination
rate for older subjects. This load adjustment in the ramp protocol was individualized to yield
a fatigue-limited exercise test with an expected duration of eight to 12 minutes®®*!. The
system was calibrated according to the manufacturer's recommendations to ensure reliable
measures.

The following CPX variables were evaluated: clinical signs and symptoms,
electrocardiographic response, peak heart rate (HR, beats per minute), relative VOzpeak
(mL.kg'.min™"), peak loads, peak RER, and OUES. The VOzpeak was expressed as the highest
30-second averaged sample obtained from the final minute of the test. The values considered
for peak loads, RER and HR were the highest achieved at peak effort. In this study, the
OUES was presented in all previously published forms (absolute and normalized by both

body weight [kg] and BSA).

POOLED DATA AND INTERNATIONAL COMPARISONS
To perform comparisons between OUES databases derived from other population

samples, we searched for published studies that described the OUES as a reference value



table in at least one of the expected forms (absolute or normalized) stratified by sex and age

group and with descriptive data (sample size, mean and standard deviation).

STATISTICAL ANALYSIS

Data were described as mean and SD for sex and age group (in ten-yr intervals).
OUES variables were also described as percentiles (P5, P10, P25, P50, P75, P90, and P95).
Normality was assessed using the Kolmogorov-Smirnov test. The Kruskal-Wallis test with a
multiple-comparisons post-test (Benjamini-Hochberg method) was used for OUES
comparisons among different age groups because data had a non-normal distribution. The
Mann-Whitney test was used to investigate differences between the sexes.

Predictive equations for OUES, OUES/kg, and OUES/BSA in males and females
were calculated using age to predict the variables. Anthropometric variables were not used in
these predictive models, since weight and BSA were used to normalise OUES. As a non-
linear peak VO2 age relationship has been documented for a sample of the population from
different regions of Brazil?!, the equations were calculated using second-order polynomial
regression to predict the OUES by age for both sexes. In addition to age-predicted equations,
multiple linear regression was also calculated for absolute OUES using age (including age
squared) and anthropometric variables for both sexes.

To perform international comparisons, regression analyses using second-order
polynomial regression to predict the OUES by age were performed for both sexes in each of
the selected studies, using "x" as the intermediate value for age within each ten-yr subgroup
and OUES values extracted from the published articles. These data were pooled and
converted into tables and graphs.

Anthropometric variables were analysed using ordinary one-way analysis of variance

(ANOVA) with multiple comparisons (Benjamini-Hochberg) or the unpaired t-test stratified



by sex to compare the sample characteristics of the study. Factorial ANOVA (two-way) with
multiple comparisons (Benjamini-Hochberg) or the unpaired t-test was used to analyse
differences in OUES values among the nations for each sex and age group.

All statistical analyses were performed using GraphPad Prism 9 or IBM-SPSS 27.0

for Windows. All tests with P < .05 were considered statistically significant.

RESULTS
SAMPLE

A total of 7,843 CPXs were performed during the study period and screened for
eligibility. After the application of the inclusion and exclusion criteria, 3,544 assessments of
healthy subjects were included for analysis (Figure 1). Mean age was 40.5 + 10.7 yr for
females (n = 1,574) and 40.3 £+ 10.0 yr for males (n = 1,970), with no significant difference.
Regarding anthropometric variables, males were heavier, taller, had a lower BMI, and had
higher BSA than females (P <.001). We found a small difference in both peak HR (median
difference: - 2 bpm; 95% CI: - 3 to - 1) and peak RER (median difference: - 0.01; 95% CI: -
0.02 to -0.01), with lower values in females. Additionally, males exhibited significantly

higher VO2zpeak (median difference: 9.6 mL.kg'.min'; 95% CI: 9.2 - 10.1) (P < .001) (Table

1.

OUES REFERENCE VALUES

We created a comprehensive OUES reference table (absolute and normalized by
weight and BSA) stratified by sex and age group (in ten-yr intervals from 20 - 80 yr). The
data were expressed in subgroups as mean, standard deviation, and percentile (P5, P10, P25,
P50, P75, P90 and P95). We were unable to define P5 and P95 values for males in the last

decade due to the small sample size (n = 7) (Table 2, Figure 2) (Figure 1, Supplemental



Digital Content, which illustrate percentile distribution). We also provided the OUES data in
age subgroups of five-yr intervals (see Table 1 and 2, and Figure 2, Supplemental Digital
Content, which show data in five-yr intervals).

Overall, comparisons between the sexes revealed lower OUES, OUES/kg, and
OUES/BSA values in females (P <.001). Considering differences in age groups, none of the
OUES values (absolute or normalized) were significantly different between 20-29 and 30-39
yr or between 60-69 and 70-80 yr for either females or males (Figure 2). A gradual decline in
absolute and normalized OUES values was found in the last four decades (40 - 80 yr) for
males. The decline in OUES/kg was similar for females, but the decline in absolute OUES
and OUES/BSA initiated a decade later (50 - 80 yr). Despite the lower OUES values in the
last decade compared to the previous age subgroup, the difference was not statistically

significant in either sex.

OUES PREDICTIVE EQUATIONS FOR THE ADULT POPULATION
Predictive equations for OUES, OUES/kg, and OUES/BSA were calculated for
females and males with age (yr) as the predictor:
Females
OUES = 1,436 + (38.02 x Age) - (0.5565 x Age?); 12 =0.079
OUES/kg = 26.11 + (0.4690 x Age) - (0.007472 x Age?); r* = 0.079
OUES/BSA = 895.2 + (20.58 x Age) - (0.3043 x Age?); 1> =0.077
Males
OUES = 2,682 + (45.47 x Age) - (0.7658 x Age?); 12 =0.104
OUES/kg = 38.60 + (0.2968 x Age) - (0.005726 x Age?); r* = 0.060

OUES/BSA = 1,450 + (17.47 x Age) - (0.3011 x Age?); 1> = 0.079



The second-order polynomial regression analysis performed to predict the OUES by
age revealed a non-linear characteristic for absolute and normalized values, with a concave
curve indicating smaller reductions in the OUES among younger ages and a steeper decline
among older ages (Figure 3) (see Figure 2, Supplemental Digital Content, which also show
data regression curves).

Predictive equations for absolute OUES were also calculated with multiple linear
regression using age (yr), age squared, weight (kg), and height (m) as predictors. These
equations revealed greater r* than the equations for absolute OUES using only age.
Females

OUES = - 1,738 + (34.18 x Age) - (0.4949 x Age?) + (8.561 x Weight) + (1,650 x

Height); r* = 0.174
Males

OUES = - 1,786 + (30.95 x Age) - (0.5389 x Age?) + (14.12 x Weight) + (2,016 x

Height); 1> = 0.239

OUES INTERNATIONAL COMPARISONS

According to the required criteria to assess possible differences among countries, only
the two studies — one European (n = 1,411) (Belgium and the Netherlands)'® and one
Japanese'® (n = 529) — provided the required data and were considered in the descriptive
tables of the pooled data (Table 3) (see Table 3, Supplemental Digital Content, which show
samples’ characteristics). and graphical comparisons (Figure 3). The European study
performed with a German sample'” could not be included due to a different age group
standardisation and missing data on mean and standard deviation values. The Japanese
study'® described the OUES in absolute values with an age range from 20 to 78 yr, while the

European study'® reported both OUES and OUES/BSA ranging from 20 to 60 yr. In both



studies, CPX was performed on a cycle ergometer. The studies derived from the United
States population®!” reported predictive OUES equations, but no reference value tables with
age group division were provided, precluding these studies from being in the comparisons.
Therefore, international comparisons were performed among samples from Brazil, Japan, and
Europe (Belgium and the Netherlands).

The anthropometric variables revealed significant heterogeneity among these nations
(see Table 3, Supplemental Digital Content, which show samples’ characteristics). Japanese
individuals were older and had lower weight, height, and BMI for both sexes. Contrarily, the
European sample had higher weight and height for both sexes, while the Brazilian sample
presented intermediate values for these variables. No difference in BMI was found between
European and Brazilian females, whereas a small but significant difference was found for
males. Brazilians had lower BSA than Europeans for both sexes; the Japanese study did not
provide this variable.

The international comparisons of the pooled OUES revealed significant
heterogeneity (Figure 3 and Table 3). Factorial ANOVA was performed in the first four
decades of age (20 - 59 yr) for absolute OUES, since the European data above 60 yr were
not described and Japanese values were not provided for OUES/BSA.

The analysis demonstrated a significant source of variation for both country and age
group in the OUES values (P <.0001 for females and males). The interaction in the sources
of variation was also significant for females (P = .0004), but only a trend for males (P =
.0537), indicating that, in addition to the heterogeneity in the OUES values, the influence of
age on OUES was not similar among countries.

In the pairwise comparisons, significantly higher OUES values were found in the
European sample for both sex and age group (20 - 60 yr) compared to the Japanese sample.

The difference between the European and Brazilian samples was statistically significant for
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all sex and age groups, except for females aged 50-59 yr. The differences between the
Japanese and Brazilian samples were statistically significant for all age groups, except
females aged 20-29 and 50-59 yr and males more than 70 yr of age (Table 3).

The OUES/BSA values were only available in the Brazilian and European studies.
In males, the normalized measure reduced the difference in the values and the significant
difference was no longer found in the age groups 30-39 and 50-59 yr. A reduction in the
difference in the variable was also found in females, but the difference remained statistically
significant in all age groups, except 50-59 yr (Table 3 and Figure 3).

Age predictive equations were calculated and graphically displayed considering the
second-order polynomial regression analysis (Figure 3). Japanese values revealed a more
linear trend in females, while European and Brazilian values revealed a curvilinear
behaviour, both with a concave curve. The three countries displayed a non-linear
characteristic in males, but with different morphologies of the curvilinear behaviour. The
European and Brazilian samples presented a concave curve and the Japanese sample
presented a convex curve, indicating differences in the influence of age on the OUES. The
predictive equations obtained for females and males with age (yr) as the predictor are
described below:

Females

European: OUES = 2,339 + (23.13 x Age) - (0.5133 x Age?)

European: OUES/BSA = 1,477 + (4.844 x Age) - (0.2028 x Age?)

Japanese: OUES = 2,128 - (4.826 x Age) - (0.03292 x Age?)

Males
European: OUES = 2,857 + (47.21 x Age) - (0.7669 x Age?)
European: OUES/BSA = 1,726 + (6.613 x Age) - (0.1979 x Age?)

Japanese: OUES = 3,225 - (26.32 x Age) + (0.1612 x Age?)
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DISCUSSION

The present study provided comprehensive OUES reference values for South
American individuals based on a large sample. Comprehensive reference value tables for
absolute and normalized (OUES/kg and OUES/BSA) values were provided stratified by sex
and age group (Table 2, Figure 2, Supplemental Digital Content). Predictive equations
(central tendency and lower 95% CI) were obtained for absolute and normalized OUES
values. We also provided pooled data from four different countries and described possible
differences among nationalities.

In the present sample, we found anthropometric differences between the sexes and
higher VO2peak in males. The differences between the sexes in peak HR and RER had a low
magnitude and were not clinically relevant. Comparisons between the sexes showed lower
OUES values in females, with a decline along the decades, which is similar to findings
described in previous studies®*!!°. The age-associated decline in the OUES reflects
expected physiological changes in multiple organ systems, such as the heart, lungs, blood
vessels, skeletal muscles, and nervous system?.

The sex and age differences observed between the South American and other

21618 indicates that the use of a single OUES cut-off value for predicting outcomes

samples
should be reevaluated. Myers et al.” defined an OUES cut-off of 1,400 for risk stratification
in patients with heart failure. According to our data (Table 2), this number would be
classified below the 5™ percentile for all age groups in healthy males. For females,
surprisingly, the value would be within the 5% and 10" percentile for the 20-29-yr-old group,
10™ and 25 for both the 40-49-yr-old and 50-59-yr-old groups, 25" and 50" percentile for

60-69-yr-old group, and between 50" and 75™ percentile in our oldest age group (see Figure

3, Supplemental Digital Content, which illustrate the cut-off value among percentile
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distribution). These findings raise significant concerns regarding the applicability of the
aforementioned cut-off level® for female patients with heart failure in Brazil, as the results
would be mainly classified as expected average values (5" - 95" percentile) based on our
sample with healthy subjects, which may also happen in other nationalities.

Interestingly, we also found that the non-linear second-order polynomial regression
was the best fitting curve model to explain the relation between the OUES and age in the

1.32 demonstrated that a curvilinear

Brazilian sample. This approach is not novel. Mylius et a
trend as a second-order polynomial fitting model performed better than a linear fitting model
to explain the reduction in VO2 with age in a Dutch sample, which is similar to our finding
using Brazilian data®!.

Although the original study by Buys et al.'8

presented the OUES-age relation as a
linear trend, our regression analysis performed with the European data also revealed a
concave curvilinear relationship for both absolute and BSA-normalized values, suggesting
that the appropriateness of the fitting to a linear or a second-order regression behaviour
should be addressed in future studies.

The low r? values found in the Brazilian sample (0.06 - 0.104 in males and 0.077 -
0.079 in females) are in agreement with values described in previous studies'”'® that reported
a low r* with age as a predictor. In the study by Barron et al.!”, the influence of age on the
OUES revealed by linear regression identified 1> values of 0.17 for males and 0.12 for
females. This behaviour is clinically expected, as the regression predicts a central estimate of
the OUES in relation to age and significant individual variations are a biological
characteristic of VOz-related variables, which can also be seen within the range of the values
(Table 2, Figure 2, and Supplemental Digital Content).

Similar to previous studies regarding VOazpeak'*>2%, the pooled analysis revealed

significant OUES heterogeneity among the nationalities, presumably due to different
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demographic and biopsychosocial characteristics, since the OUES is strongly influenced by
anthropometric variables and exhibits significant inter-individual variation®*. The present
study found higher OUES values in the European sample in both sexes for all age groups
compared to the Brazilian and Japanese data. Other demographic and biopsychosocial
variables, such as physical activity level and ethnicity, may have influenced the results.

We also found that normalization of the OUES by BSA reduced the magnitude of the
differences in the international comparison of the European and Brazilian data, suggesting
that this value would be considered more appropriate for clinical purposes. Agostoni et al.>*
previously highlighted the importance of normalizing the OUES for a better understanding
and applicability of the variable, since comparisons between subjects of different ages, sexes,
ethnicities, heights, and weights are required for a proper evaluation. Thus, it is necessary to
consider the use of weight-normalized or BSA-normalized values, as done by Hossri et al.*>,
who proposed OUES reference values for children and adolescents with normalisation by
weight and BSA.

According to the presented description of OUES reference values and documented
heterogeneity among different nationalities, our study may have provided a better
understanding regarding the OUES as a prognostic tool, including absolute and normalized

values and differences among age groups and between the sexes.

Limitations

First, although including the largest sample in the current literature, the proposed
standard reference values were provided from a single centre, which reduced the external
validity of the findings. However, the single-centre characteristic of the study may indicate
higher agreement in the results, since all CPXs were conducted by the same experienced

professional.
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Second, the CPX was performed in only one city in the Midwest region (Brasilia,
capital of Brazil). However, this city received intense migration from several regions of the
country in the mid-1960s due to the relocation of the capital. Thus, our sample may be a
casual pooled data representation of the different regions of Brazil. This characteristic may be
one of the factors explaining the observed intermediate values for VO2peak in the Midwest
region of Brazil compared to the Southeast and Northeast?!?>. Thus, the OUES values
observed in our study may reflect appropriate values not only for the Midwest region but for
the entire Brazilian population.

Third, it is important to mention that our study focused only on treadmill values, with
no inclusion of results from cycle ergometers. Moreover, the sample size in the oldest age
group in our study (70-80 yr) was small, limiting the statistical analysis in this group. A
significant limitation was the limited data available in the literature necessary for the
international pooled analysis, as we only found two studies with complete data available for
our study and the statistical analysis was performed with the available published data (mean,
standard deviation, and sample size) rather than raw data.

Lastly, the regression model used limits the age range for the derived equation to the
original characteristic of the sample data (20 - 80 yr). Thus, our equations are not appropriate

for subjects <20 yr and may not reflect the age reduction trend in subjects > 80 yr.

CONCLUSION

Our study provided comprehensive OUES reference values for a healthy adult
population of both sexes stratified by age group divided in ten-yr intervals and generated new
prediction equations. Pooled data and international comparisons among Brazilian, Japanese,
and European (Belgium and the Netherlands) samples revealed heterogeneity, with

differences in OUES values and age-related patterns. These differences were reduced in the



comparison of the Brazilian and European samples when BSA-normalized values were

considered.
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FIGURE LEGENDS

Figure 1. Flowchart of exams assessed to provide OUES reference values.

Figure 2. Absolute and normalized oxygen uptake efficiency slope (OUES) values
stratified by sex and age group.

Data expressed as median, IQR, 95% limits, and outliers.

Statistics: Kruskal-Wallis with multiple comparisons post-test (Benjamini-Hochberg
method). All comparisons were statistically significant. Non-significant (ns) comparisons
were reported.

BSA, body surface area; OUES, oxygen uptake efficiency slope.

Figure 3. International comparison of absolute oxygen and body surface area-
normalized uptake efficiency slope (OUES) values.

Data expressed as median and SEM.

Tendency curves were calculated by second-order polynomial regression, using raw data in
Brazil and available literature data (mean, SD, and sample size) in Belgium/Netherlands and

Japan.



