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Assessment of Functional Capacity through Oxygen Consumption
in Patients with Asymptomatic Probable Heart Disease
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Purpose — To compare peak exercise oxygen con-
sumption (VOzpear) of healthy individuals with asympto-
matic individuals with probable heart disease.

Methods — Ninety-eight men were evaluated. They
were divided into two groups: 1) 39 healthy individuals
(group N) with an age range of 50+4.6 years; and 2) 59
asymptomatic individuals with signs of atherosclerotic
and/or hypertensive heart disease (group C) with an age
range of 51.9+10.4 years. In regard to age, height, body
surface area, percentage of fat, lean body mass, and daily
physical activity, both groups were statistically similar.
Environmental conditions during the ergometric test were
also controlled.

Results — Maximal aerobic power (watts), VOzpear
maximal heart rate, and maximal pulmonary ventilation
were lower in group C (p<0.01) than in group N; weight,
however, was lower in group N (p=0.031) than in group
C. Differences in the respiratory gas exchange index, heart
rate at rest, and the maximal double product of the two
groups were not statistically significant.

Conclusion — Signs of probable heart disease, even
though asymptomatic, may reduce the functional capacity,
perhaps due to the lower maximal cardiac output and/or
muscle metabolic changes.
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Maximal oxygen consumption (V O:zmax) has been
considered the best indicator of the human capacity for
tolerating prolonged effort . I1ts assessment, however, has
some technical difficulties, especiadly inindividuaswith
lower physical fitness or those limited by heart disease?.
Therefore, the greatest oxygen consumption during
exercise, caled peak exerciseoxygen consumption (V Ozpex),
isconsidered an objectiveindicator of functional capacity. It
may also provide an indirect and accurate assessment of
cardiac reserve®. V Oupea iSconsidered particularly reliablein
functional assessment when associated with measurement
of anaerobic metabolism?, either through measurement of
blood lactate>® or through recording ventilatory variables?,
inyoung and middle-aged individuals’.

Several authors have shown astrong correlation be-
tween exercise capacity assessed through V Ozpeac and the
prognosis and severity of congestive heart failure (CHF):
theone-year mortality rateishigher in patientswith V Ozpex
below 10 mL/kg.min; thisgroup of patientscan benefit from
heart transplantation®®. V Ozpex may al soreveal changesin
exercise capacity dueto the use of medicines, reflecting,
more precisely, the compensatory adjustments and the
prognosis of the CHF than any other hemodynamic and
clinica indicator 214,

V Ozpea therefore, hasbecomeanimportant prognostic
tool intheeval uation and selection of candidatesfor cardiac
transplantation. All patients with stable terminal CHF
should havetheir functional capacity evaluated throughthe
direct measurement of oxygen consumption, aspart of the
mandatory proceduresfor selection for cardiac transplan-
tation *. Mogt of the patientswith V Ozpea higher than 14mL/
kg.min can wait longer for transplantation even though
V Ozpeak iSONly 0ne of the criteriato be considered in each
patient =,

Although V Ozpeax provides an indicator for cardiac
output (CO) and cardiac reserve, factors, such asage, sex,
level of physical fitness, muscle mass, and angina, can
influenceitsresults’. Forexample, aVO, , of 14mL/kg.min*
accounts for approximately 60% of the maximal exercise
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capacity expected in an active 60-year-old man, but only
30% of the capacity of an active 20-year-old man; such a
low exercise capacity would be an unacceptable quality of
lifefor ayoung adult .

Ontheother hand, despitethe recognized usefulness
of theVO,_, inmeasuring symptomatic heart diseases, its
valueinasymptomeatic or poorly symptomatic (NY HA class
1) heart diseasesisstill being discussed?’. Thisstudy aimed
to approach thisquestion through acomparison of healthy
individual s with asymptomeatic individual s with signs of
atherosclerotic and/or hypertensive heart disease.

Methods

Thisstudy was approved by the Ethics Committee of
the Hospital dasClinicasof the Federal University of Minas
Gerais(UFMG). Thesamplecomprised 98 malevolunteers,
who sighed aconsent form, agreeing with themethodol ogy
of the study. They were divided into two groups. onewith
39 healthy individuals (group N) and the other with 59
asymptomatic individuals with indicative (57.6%) or
suggestive (43.2%) electrocardiographic signs of heart
disease (group C). Theindicative electrocardiographic
signsof heart diseasewerethefollowing: depression of the
ST segment >2mm, during effort; complete bundle-branch
block; left ventricular overload; and frequent ventricular
extrasystolestriggered by effort. Theelectrocardiographic
signssuggesting heart diseasewerethefollowing: straigh-
tening and depression of the ST segment >1mmand <2mm,
during effort; unspecific disorders of intraventricular
conduction; unspecific alterations of repolarization;
arrhythmias, such as nonsustai ned paroxysmal supraven-
tricular tachycardiaandisolated ventricul ar extrasystoles.
Inaddition, group C also showed evidence of heart disease
on coronary angiography (13.5%) and/or echocardiogram
(11.8%). Group C, asawhole, comprised individualswith
probabl e atherosclerotic and/or hypertensive heart disease;
therewasno suspicion of Chagas' cardiomyopathy, valvar
disease nor any other disease.

Both groups underwent direct assessment of the
V Oz through the direct method of spirometry with the
useof an Ergopneumotest metabolimeter. Indirect determi-
nation of the anaerobic metabolismwasal so performed, as
well asthedetermination of other metabolic, cardiovascular
and ventilatory variables during standard exercise until
exhaustion 2, in aelectronically braked bicycleergometer
(Monark), at aspeed of 18 km/h. All patientsunderwent an
ergometric test until exhaustion, characterized asthe mo-
ment at which the predetermined potency and/or velocity
could no longer be maintained. The examiners did not
interrupt thetests. Themaximal aerobic power (POW) was
equivalent to the highest value observed during at least 3
minutes of exercise and V Oz Was obtained during this
period. Exercise was subjectively evaluated through the
rating of perceived exertion (REP) (from 0to 10) scale®,
Electrocardiogram (ECG) and heart rate (HR) were conti-
nuously monitored during rest and exerciseuntil exhaustion
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and also for 10 minutes during recovery. Blood pressure
(BP) was obtained through a sphygmomanometer gra-
duatedinmmHg. Bicycleergometetric testswereperformed
inan environment with air conditioning to maintain tempe-
rature (between 21 and 24°C) and relative humidity (between
50 and 75%) levels so that heat stresswas unlikely *°. The
impact of heat stresswas cal culated through the wet bulb
globetemperatureindex (WBGTI) 22, Testscomparingthe
mean of variableswith normal distribution wereperformed,
aswell as nonparametric tests, when necessary, adopting
thesignificancelevel of p<0.05.

Results

Tablel showsthat groupsN and Cweresimilarinre-
gardtothefollowing variables: age, usual physical activity,
HRat rest, maxima cardiacwork, ventilatory equivalent for
oxygen, BP variation during exercise, respiratory gas ex-
changeindex, REPat the potency of 100 watt, dry environ-
mental temperature, humid environmental temperature,
relativehumidity of theair.

Tablel aso showsthat group C had greater weights,

Table I — Values (mean + standard deviation) obtained in the group of
healthy individuals (group N) and the group of asymptomatic
individuals with signs of probable heart disease (group C) for the
following parameters: age, weight, usual physical activity (UPA),
systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate
(HR) at rest and during exercise, peak exercise oxygen consumption
(VO2eax), ventilatory equivalent (VE/VO,), respiratory gas exchanges
index (R), rating of perceived exertion scale (REP), double product (DP),
maximal aerobic power (POW), dry environmental temperature (DT),
humid environmental temperature (HT), relative humidity of the air
(RHA), and the wet bulb globe temperature index (WBGTI).

Group N Group C p

Age 50.0+4.6 51.9+10.4 0.221
Weight 71.5+10.1 76.4+12.1 0.031
UPA 3.5+1.9 4.1+2.6 0.207
HRrest 68.4+11.1 71.0+11.4 0.273
SBPrest 125.9+11.1 147.7+£17.5 <0.001
DBPrest 81.6+6.0 94.1+12.0 <0.001
DPrest 8612.1+1597.1 10533.8+2341.6 <0.001
HRmax 165.0+11.9 150.3+16.8 <0.001
SBPmax 195.1+26.1 215.3+29.2 <0.001
DBPmax 92,9+11,7 107.7+¢17.1 <0,001
DPmax 32203.4+4732.3 32431.0+6176.1 0.837
VO, 31.7+7.4 25.1+5.6 1.2x10°

oy 21.1+4.9 16.7£3.5 <0.001
POW 2,67+0.56 2.11+0.44 1.3x10°®
VEIVO, 31.54¢5.1 30.2¢5.5 0.256
R 1.06+0.13 1.05+0.18 0.728
REP 8.9 9.8 0.157
DT 20.6+2.1 20.0+2.1 0.125
HT 16.5+2,1 15.9+2.0 0.169
RHA 60.9+6.7 61.5+7.4 0.698
WBGTI 17.742.0 16.4+3.5 0.024

Where: weight in kg; age in years, UPA in multiples of the basd metabolism,
MET; SBP and DBP in mmHg; DBPin mmHg; HR in min%; DPin mmHg.min*;
V Qe in mifkgmin'; VE/V O, and R in absolute figures; REPin the power of 100
watt in the Borg scde; POW inwatt/kg; DT, HT and WBGTI in °C; RHA in %.




Rodrigues et al

Oxygen consumption in patients with assymptomatic heart disease

higher BPat rest and during exercise, and ahigher cardiac
work at rest than the healthy individual sof group N. Onthe
other hand, group C showsalower maximal HR, lower peak
exercise oxygen consumption, lower oxygen pulse (Poxy)
and lower POW during exercise. In addition, the environ-
mental heat stressof group C waslower during exercise.
Tablell showsthat, when group C wassubdividedin
regard to the presence or absence of hypertension and use
of medicationtherewereno differencesinthe peak exercise
oxygen consumption and oxygen pulse. Inthe subgroup of
hypertensive patients, however, the use of medication
reduced themaximal aerobic power and maximal HR.

Discussion

The measure of V Ozpea in healthy individualsin this
study showed results consistent with those obtained in
previous studies?? inregard to theage of thevolunteers?162,

Thelower V Ozpea in group C, when compared with
that of healthy individual sinthe same agerange, suggests
that the presence of signsof heart disease, eventhough the
patient isasymptomatic, can reducefunctional capacity #.
In the present study, this decreasewas 2 METS, represen-
tingasignificant reductioninthephysical capacity for work,
leisureand daily activities, correspondingto 14to 16 years
of early aging'®. A decreaseof 3METswasal soobservedin
agroup of individuals with Chagas' heart disease, when
compared with healthy individual sinthe sameagerange?’.

Findings of the present study also suggest that both
thedirect measure of oxygen consumption (V Ozpea: inmL/
kg.min?) and the measure of the maximal aerobic power
(POW, inwatt/kg) can identify the reductionin functional
capacity, even for those asymptomatic individual s with
signsof heart disease (Tablel). POW, however, was statis-
tically 10 timesmore sensitive than V Ozpex fOr detecting a
reductioninthefunctional capacity of group C participants,
when compared with the healthy individuals. In addition,
POW revealed some significant differences dueto hyper-
tension and use of medication in group C, which did not
occur with VOzpeak (Table 11). Thesefindings are not in
accordance with that which has been postulated for the
diagnosis of the functional capacity in patients with heart
disease® and a sofor the prescription of exercise’. However,
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the highest sensitivity of POW in the assessment of the
functional capacity has also been observed for women %,

Some mechanismsmay beinvolvedinthe decrease of
thefunctional capacity ingroup C, for exampleareduction
inthemaximal CO (Qnma) duetothe probableheart disease,
hypertension or the use of medication; muscle metabolic
alterations; and the iatrogenic sedentary lifestyle caused
by the diagnosis.

Atthebeginning, thesimple presenceof signsof heart
diseaseasacriterion of inclusioningroup C could suggest
that thelimiting factor inthefunctional capacity wouldbea
reduction in Qmax. Even though this study did not assess
Qmax directly, themaximal cardiacwork of group C (Tablel)
wassimilar tothat of thehealthy group, andthissimilarity of
themaximal doubleproduct (DPrmax) occurred dueto al ower
HRmexingroup C, resulting from ahigher BPin thisgroup.
Thisimpliesthat when the samemaximal cardiacwork is
reachedwithalower HR, thereisasmaller Qma ingroup C,
even though the stroke volumeiskept constant#'.

When group C, however, is subdivided into normo-
tensiveand hypertensiveindividuals(Tablell), oneobser-
vesthat peak exercise oxygen consumption (V Ozpex) and
oxygen transportation per cardiac beat (Poxy) arenot diffe-
rent in the two groups, indicating that the presence of hy-
pertension is not the main cause of the lower capacity of
oxygen uptake and transportation among individualsin
group C. Hypertension, however, caused areduction in
POW inthisgroup, suggesting theexistenceof aperipheral
reducing factor.

Observation of Poxy sShowsthat |ess oxygen was con-
sumed and/or less blood was transported per cardiac beat
ingroup C(Tablel), which couldresult fromthelower stroke
volumeor fromthesmaller peripheral extraction of oxygen.
It isknown that chronic heart failure renders the skel etal
muscle function difficult, independently from blood flow
andfromtheavailability of oxygen . Itisalso knownthat
individuals with symptomatic heart diseases can have
metabolic dysfunctions of the skeletal muscles, which
reduce their functional capacity *°. Observation of the
respiratory gas exchange index and of the ventilatory
equivaent for oxygen(V /VO,) showsthat group C reached
thesamerelativelevel of lactic metabolicacidosis, but with
absolute lower efforts than healthy individuals. This

Table II - Values (mean + standard deviation) of peak exercise oxygen consumption (VO2eak ), maximal aerobic power (POT), maximal heart rate (HRmax) and
oxygen pulse (Poxy) obtained for groups N and C, the latter subdivided into two subgroups: CNS- normotensive individuals without medication; CNM-
normotensive individuals with medication; CHS- hypertensive individuals without medication; CHM- hypertensive individuals with medication.

oxy

Group N CNS CNM(**) CHS CHM (***) P
(n=39) (n=11) (n=26) (n=19)
V Ozpeskc 31.7+£7.4 25.8+4.5 22.4+10.6 24.745.2 25.6+6.1 *
POW 2.66+0.55 2.10+0.43 1.88+0.44 2.24+0.41 1.94+0.45 *y
HRmax 165.0+11.9 153.0+£19.7 151.3+16.5 155.5+14.6 141.4+15.4 *y
21.1+4.99 1.71+3.0 16.5+3.4 17.0+4.0 *

Where: VOzpealk in mi/kg.min; POW in watt/kg; HR _ : maximal heart rate, in min'; Poxy: inml Q. min; (*): significant differences (p<0.05) comparing the
subgroups of individuals with heart disease with healthy individuals. (y ): significant differences only between CHS and CHM (p<0.05). (**) medication: nitrates
and beta-blockers; (***) medication: mainly diuretics, beta-blockers, alpha methyl dopa and nitrates but also individual use of digitalis, minoxidil, angiotensin-
converting enzyme inhibitor, tranquilizers or calcium channel blocker. The doses of the medicines used were those recognized as effective.
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finding indicates the precocious predominance of the
anaerobic glycolysis, strengthening the hypothesis that
the best functional capacity can result either from thelo-
west blood supply tothemuscles(smaller strokevolume) or
fromthesmallest peripheral extraction of oxygen (muscle
metabolicdysfunction) ingroup C.

Theuse of some medicines, especially thoseblockers
of the sympathetic activity upon the heart, may decrease
the capacity of adequately adjusting CO during exercise,
reducing the blood supply to tissue, resulting in asmaller
physical capacity in group C. Inthisgroup, 57% of the
pati ents used medicines that were potential cardiac capa-
city reducing agents, resulting in some degree of chrono-
tropic block and reduction in the maximal power in the
hypertens ve patientsduring exercise. Therewere, however,
no significant differencesinregardto VO, , and no
significant repercussion on the response of BP during
exercise (Tablell). These datado not support the hypo-
thesisthat group C would haveasmaller Qma duetotheuse
of medicines, eventhough the drugs caused areductionin
maxima power.

Lack of physical fitnessis one of the most important
factorsinthereduction of functional capacity at any age®.
Medical and/or cultural factors could contributeto resis-
tanceof patientsto becominginvolvedinphysical activities
more effective in promoting fitness. In the present study,
group C had an usual mean physical activity similar tothat
of healthy individuals(Tablel),i.e., they donot haveamore
sedentary lifestylethan healthy individual s, not justifying
the smallest functional capacity observedingroup C. The
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coefficient of variation of usual physical activity inthis
study, however, wasvery high, indicating theneedfor fur-
ther studies.

The REP, measured inthe power of 100 watt and rea-
ched by all theindividuals, was not statistically different
between the two groups N and C, showing that the REP
scale was not sensitive to the reduction in the functional
capacity. Perhapsthismay occur becausetheindividualsin
group C were still at ahigher functional level than that
described asathreshold (18 mL/kg.min'?) for thesubjective
perception of their own dysfunction L.

Finally, the room temperature during the testswas
dlightly cold*°. In such an environment, possible cardio-
vascular overload resulting from heat stress was statis-
tically higher than that of environmental conditionsin
which thehealthy individua sunderwent ergometric tests.
Thiswould not explain, however, the reduction in the
functional capacity observedingroup C. Nevertheless, the
magnitudeof theincreaseobservedinthe WBGTI between
the two environments does not seem to cause significant
variationsin performanceduring physical activity .

In conclusion, the lower V Ozpe and POW found in
group C indicate that signs of heart disease, even though
asymptomatic, can significantly decrease functional
capacity. Themeasure of POW seemsto be more sensitive
than that of V Ozpea fOr detecting areduction in functional
capacity caused by the asymptomatic probable heart di-
sease. The mechanisms of this decrease have not yet been
well clarified and reduction in the maximal CO and/or
peripheral metabolic changesare suggested ashypotheses.
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