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Cardiorespiratory Fitness — Properly
Measured, Interpreted and Applied?

Kardiorespiratorische Fitness - richtig erfasst,

interpretiert und verwendet?

ardiorespiratory fitness is one of the most

important health markers. It is determined
by the interaction of lungs, heart, vessels and
musculature, as demonstrated by Wasserman
(16) in the form of a gear model. This model
makes clear that numerous organs are invol-
ved in the transport of 02 and CO2 and the-
reby in the function of elements of the model
which determine the degree of cardiorespira-
tory fitness. It is not without reason that car-
diorespiratory fitness plays a central role in
the assessment of health, which is often still
underestimated.

Considering the importance of an ergometric
exercise testing in internal medicine, especially
cardiology, the poor negative or positive predic-
tive value of the stress ECG for the detection of
an obstructive coronary-arterial disease written
in a Guideline of the European Cardiological So-
ciety (ESC) on the «Diagnosis and Management
of the chronic Coronary Syndrome» immediately
catches the eye (7). With only moderate sensitivity
of 58% and specificity of 62%, ischemia diagno-
stics and the recognition of complex arrhythmias
still remain the main area of the use of ergometry
in clinical practice (7). This could be because on
the one hand even with a recommended pretest
probability of a coronary obstruction of at least
15% in performing a stress-ECG, the number of
patients who meet this criterion is still very high.
On the other hand, perhaps assessing cardiores-
piratory fitness was recognized as important to
health, which should be the case without question
in sport and exercise medicine.

At the latest, when the American Heart Asso-
ciation several years ago termed cardiorespira-
tory fitness as the fifth vital sign (12), it should
have become clear to everyone that measuring
the maximum ergometric exercise capacity hasa
special value in assessing the state of health and
the risk of mortality. In an observational study
on 22878 participants (age at baseline 47.4 years,
follow-up 9.2 years) Israel et al. (5) were able to
clearly improve the prediction of deaths (N=505);
the relative risk of death in persons with a high
Euro Risk Score and low cardiorespiratory fitness
(<11 MET (metabolic equivalent of task)) was 35.6
times that of persons who were fit and not affec-
ted by risk factors. If the cardiorespiratory fitness
was good (>11MET) with equally unfavorable Euro
Risk Score, the risk could be reduced to 8.5 times,
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or to nearly 25%. The net-reclassification over all
risk groups from low to high risk of death showed
an improvement of 56.8% when cardiorespirato-
ry fitness was combined with the Euro Risk Sco-
re. A meta-analysis by Kodama et al. (8) showed
that a decrease in total mortality and cardiova-
scular mortality of 15% and 13%, respectively, is
coupled with an increase in cardiorespiratory
fitness of 1 MET. Comparing the relative risk of
total mortality in manifest diseases like diabetes
type 2 (HR 1.40), coronary heart disease (HR 1.29)
or also risk factors like smoking (HR 1.41) or an
existing arterial hypertension (HR 1.21) with that
of abelow-average maximum endurance exercise
capacity (HR 1.95), it can be interpreted as com-
parable in the sense of prediction (10). It must be
emphasized that the reduction of the risk occurs
not only in people who are already fit, but the im-
provement is already substantial if the least fit
person is compared to the next unfit person (10).

These observations were, however, not only
made in healthy persons, but also in patients
with various chronic diseases. Thus, patients
with heart failure, mental and neurological di-
seases, metabolic diseases like diabetes type 2
or even patients with cancer benefit from im-
provement of cardiorespiratory fitness. Appa-
rently the endurance activity associated with
the improvement in fitness acts via various me-
chanisms like chronic inflammation, autopha-
gy or mitochondrial metabolism. The effects
of improved fitness measured in intervention
studies and observable in clinical routine on
blood pressure regulation, glucose metabolism
and the cholesterol subfractions, as well as di-
rectly on vascular structure and function in the
micro- and macrovasculature must be mentioned
here (12).

Despite these numerous positive effects in healthy
people and patients with chronic diseases, one so-
metimes has the impression that the assessment of
cardiorespiratory fitness as a health marker is still
not well established in the preventive thinking in
medical practice. What could be behind that?

First, assessing cardiorespiratory fitness is
coupled with a certain degree of apparative costs.
To obtain valid and well-reproducible measure-
ments, one needs at least an ergometer. For this,
the bicycle ergometer typically plays a domi-
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EDITORIAL

Cardiorespiratory Fitness

Muscle exercise

from (16)).
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Wasserman gear model of cardiovascular system function that reflects the complexity of the interplay of different organs in gas transport (adapted

Ventilation

nant role in the German-speaking region. But treadmill er-
gometers and, to an even lesser extent, rowing ergometers
are alternatives for the measurement. In favor of the bicycle
ergometer are its broad use and the ability of most people
to ride a bicycle, although this can no longer be considered
self-evident due to increasing migration and inactivity of
the population. Nonetheless it can be assumed that most
people can reach nearly maximum exercise on the bicycle er-
gometer. In sport and exercise medicine, exercise in a sitting
position on the bicycle ergometer is preferred to exercise in
semi-recumbent position (30-45°) due to the higher exertion.
The peak oxygen uptake, about 10% lower by comparison,
and thus the exercise capacity on the bicycle ergometer
compared to the treadmill ergometer is offset by the lower
demands on coordination capacity, a largely artefact-free
recording of the parallel exercise ECG and blood pressu-
re measurement during exercise. Especially among elderly
people (more than 70 years of age), exercise on the treadmill
ergometer is more likely coupled with a greater coordinative
demand, since the exercise is very unusual for many (1).

Estimating Cardiorespiratory Fitness

Is not Sufficient

Submaximal tests like the Astrand-Rhyming Test appear rather
unsuitable to assess the maximum endurance exercise capacity
by ergometry (4). Based on this test, the maximum aerobic exer-
cise capacity can only be estimated using nomograms. These
values can deviate by 10-20% from the real maximum attainable
values. However, submaximal tests appear to be acceptable if
the presence of a physician, which is required for safety reasons,
cannot be provided. A submaximal test is then clearly superior
to pure estimation based on population-based equations, like
that in the FRIEND Registry (11). In the latter, the deviation
from the actually measured maximum exercise capacity (ma-
ximum oxygen uptake, VO2) can be 20-25%, so that the applica-
tion of equations in estimating the maximum aerobic exercise
capacity can be used only for orientation, but not in the sense
of an individual valid value.

The correct maximum exertion of the patient is also
among the quality aspects in performing spiroergomet-
ry. It must be emphasized that spiroergometry has a clear

advantage over normal ergometry without gas exchange
measurement in the objective determination of maximum
exertion based on the RER (respiratory exchange ratio). Se-
veral studies (9, 15) show that the RER is dependent on both
age and weight and therefore a uniform limit value of, for
example, 1.10 signalizes sufficient exertion on average, but
not the individual maximum value to be achieved. Thus, ma-
ximum exertion can be expected in people aged 20-39 years
with an RER of 1.3, aged 40-59 years of 1.10 and aged 60-69
years of 1.06. The age-predicted maximal heart rate, correc-
tly estimated by the equation 210 minus age or 208-0.7x age
is another criterion (15). If both factors are achieved, near
maximum exertion can be assumed even without attaining
aplateau in oxygen uptake. An oxygen plateau, also recogni-
zable as alevelling-off of oxygen uptake, is only achieved by
30-50% of all maximum exercise spiroergometries (2). The
other 50-70% show either a continuous increase to cessation
of exercise or an excessive increase shortly before the end
of exercise. For this reason, secondary maximum exertion
criteria appear to be meaningful alternatives/supplements
in estimating maximal exertion.

Pay Attention to Diurnal Variability

To guarantee reproducible values, it must also be noted that
the variability within a day can on average be 8.5% of the
maximal oxygen uptake. In this, contrary to various state-
ments in the literature, there is no particular time of day at
which the maximal exercise capacity is attained. Compared
to the intra-day variability, the variability at the same time
of day on different days is lower by about a factor of 2.5 (6).
For this reason, care must be taken that spiroergometric ex-
aminations over time are always performed at the same time
of day. This is particularly of interest since improvements
in cardiorespiratory fitness after endurance training inter-
ventions in untrained persons are typically in the range of
10-30%. For this reason, the time of day can certainly have
significant influence on the achieved or measured oxygen
uptake. In addition, it is noted that verification tests, that
is tests with exercise until exertion repeated after a few
minutes, do not improve the reliability of determination of
cardiorespiratory fitness and can thus be omitted (14).
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Kardiorespiratorische Fitness

Reference Values Are Important

in Risk Stratification

Finally, reference values for healthy persons are required
for the proper assignment of cardiorespiratory fitness for
use in risk stratification. It is seen that considerable diffe-
rences may exist between cohorts. The maximal absolute
oxygen uptake attained by healthy persons of both genders
in the COmPLETE-cohort study (13) is 22% higher than for
people of the same age who are considered healthy in the
SHIP-cohort (3) examined at the University of Greifswald.
With comparable quality criteria in the calibration of the
equipment, this difference can most likely be explained by
the still better health of the COmPLETE participants (BMI
>30kg/m?, diabetes, and current smoking are among the
exclusion criteria) and a higher maximum exertion (inclu-
sion in SHIP already at RER >1.0). It is therefore certainly
necessary for valid assessment of cardiorespiratory fitness
as a health marker that consensus be reached concerning
the criteria for a healthy normal cohort and the maximum
exertion criteria. If this is achieved, cardiorespiratory fit-
ness will probably take an even higher clinical relevance as a
health marker in risk stratification and in clinical practice.
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