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Several chronic diseases are known to negatively affect the ability of
an individual to perform exercise. However, the altered exercise
capacity observed in these patients is not solely associated with the
heart and lungs dysfunction. Exercise has also been shown to play an
important role in the management of several pathologies encountered
in the fields of cardiology and pneumology. Studies conducted in our
institution regarding the influence of diabetes, chronic heart failure,
congenital heart disease and chronic pulmonary obstructive disease on
the acute and chronic exercise responses, along with the beneficial
effects of exercise training in these populations, are reviewed.
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Limpacte du diabete, de I'insuffisance
cardiaque, de la cardiomyopathie congénitale et
de la maladie pulmonaire obstructive
chronique sur les réponses physiologiques a un
exercice aigu et chronique

Plusieurs maladies chroniques nuisent a la capacité a Iexercice.
Cependant, cette diminution de la capacité a l'exercice n’est pas
seulement associée a une altération de la fonction cardiaque et
pulmonaire. De plus, les effets bénéfiques de I'exercice comme approche
thérapeutique pour plusieurs pathologies reliées au domaine de la
cardiologie et de la pneumologie sont bien connus. Cette revue résume les
résultats provenant d’études effectuées dans notre Institution concernant
l'impact du diabete, de linsuffisance cardiaque, de la cardiomyopathie
congénitale et de la maladie pulmonaire obstructive chronique sur les
réponses physiologiques & un exercice aigu et chronique ainsi que les effets
bénéfiques de I'entrainement a I'exercice chez ces populations.

Cardiac, pulmonary and metabolic disorders are known to
negatively impact the capacity to perform exercise. Also,
exercise has been shown to play an important role in the man-
agement of several pathologies encountered in the fields of cardi-
ology and pneumology. A better understanding of the expected
beneficial impact of exercise on several parameters associated
with diseases is of clinical importance. The present article
describes research that has been conducted in the Institut uni-
versitaire de cardiologie et de pneumologie, Université Laval,
Quebec, for the past 10 years regarding the influence of diabetes,
chronic heart failure (CHF), congenital heart disease and chron-
ic obstructive pulmonary disease (COPD) on acute and chronic
exercise responses, along with the beneficial effect of exercise
training in patients with such diseases.

EXERCISE AND DIABETES: NUTRITION AND
METABOLISM MODULATION
Regular physical activity and healthy food choices are recom-
mended in individuals with type 2 diabetes to achieve a better
glycemic control, reduce the need for hypoglycemic drugs and
control body weight (1).

Many health care professionals wrongly believe that an aer-
obic exercise session performed by patients with diabetes in the
fasting state may have a deleterious impact on blood glucose
levels and lead to an increased risk of hypoglycemia during
exercise. However, the blood glucose-lowering influence of an

acute exercise session is modest or even nonexistent when
exercise is performed in the fasting state (2,3). Indeed, Poirier
etal (3) demonstrated that 1 h of exercise at 60% of peak oxy-
gen uptake (VO,) performed 2 h after a breakfast enhanced the
glucose-lowering effect of exercise (approximately 40%),
whereas plasma glucose decline was rather small (approximately
4%) when subjects exercised while fasting. These observations
were related to higher insulin levels during exercise in the
postprandial state, which is likely to have blunted hepatic glu-
cose production, resulting in a glucose utilization/production
imbalance and a greater decrease in blood glucose levels (3-5).
A decrease in blood glucose following exercise is largely
dependent on both pre-exercise plasma glucose levels and the
nutritional status. Indeed, exercise performed in the postpran-
dial state may be associated with a significant decrease in blood
glucose levels, ranging from 18% to 50% depending on pre-
exercise blood glucose levels, the time between meals and the
onset of exercise (Figure 1) (6). The expected decline in blood
glucose following exercise is clinically important considering
the fact that hypoglycemia may precipitate myocardial
ischemia in high-risk patients (7).

One can see that nutritional status is important when con-
sidering exercise, because the vast majority of exercise per-
formed by subjects with type 2 diabetes is during the
postprandial state. The latter is mainly characterized by hyper-
glycemia and hyperinsulinemia, promoting a greater peripheral
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Figure 1) The effect of different time intervals following food con-
sumption and the onset of exercise on blood glucose levels after 60 min
of aerobic exercise in patients with type 2 diabetes depending on the
treatment regimen. Data are mean + SE. Numbers on the bars are the
number of exercise sessions. *P<0.001 wversus pre blood glucose levels
(BGL); **P=0.01 versus pre BGL. From Gaudet-Savard et al (6)

with permission

use of glucose during exercise and inducing a dramatic reduction
in plasma glucose levels compared with pre-exercise (6). This
reliance on glucose is further enhanced by hyperinsulinemia,
which inhibits lipolysis during exercise (3). In the fasting state
or during prolonged exercise, which involves an increased
demand for ATP, the decrement in plasma insulin stimulates
lipolysis. These conditions allow plasma free fatty acids to pro-
vide the major substrate for energy (8).

Accordingly, the function of carnitine in energy metabo-
lism becomes increasingly important in diabetes. This meta-
bolic disorder is associated with an increase in lipolysis and
enhanced mobilization of free fatty acids as the main source of
energy. Carnitine is an essential cofactor for the transport of
long chain fatty acids across the inner mitochondrial compart-
ment to provide energy (ATP). This occurs via beta-oxidation,
after activation from acyl-coenzyme A to acylcarnitine (9).
Under normal conditions, the plasma carnitine response to
exercise in the noninsulin-resistant state is associated with an
elevation in total carnitine, and an increase in plasma acylcar-
nitine due to a reduction in the free carnitine form (10,11).
Thus, when patients with diabetes exercise in the fasting state,
the plasma concentration of free carnitine decreases while the
acylcarnitine fraction increases, resulting in an increase in the
total plasma carnitine pool. In the postprandial state, although
the level of plasma free carnitine has been shown to decrease
throughout exercise, the acylcarnitine fraction remains
unchanged, resulting in no change in the total carnitine con-
tent. The metabolic state of patients with diabetes is thus asso-
ciated with different plasma carnitine availability and may
reflect differences in energy metabolism associated with fasting
and postprandial hyperglycemia (12).

Numerous factors may exert differential impacts on
insulin release and glucose metabolism in patients with type
2 diabetes. Examples are the amount of carbohydrates, the
type of sugar (glucose, fructose, sucrose, lactose) and the oth-
er food components (fat and protein ratio) (13). Considering
the differential impact of various forms of carbohydrate, sev-
eral guidelines suggest that low-calorie sweetening agents
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such as aspartame should be an alternative for individuals
with diabetes to help control carbohydrate intake and blood
glucose (14-17). Pre-exercise plasma glucose and insulin lev-
els have been reported to be similar among sweetened condi-
tions, such as sucrose-, fructose- or aspartame-sweetened
meals. With exercise, the anticipated beneficial effect of sub-
stituting sucrose for aspartame, which reduces total calories
and carbohydrate content of a meal, may not be observed
(18). Thus, aspartame may enhance the insulin secretion
similar to a sucrose meal, and the importance of glucose and
insulin decrement observed after an aspartame meal is similar
to that observed after other sweetened meals (18). This phe-
nomenon may influence postabsorptive and exercise glucose
modulation, inducing relative hyperinsulinemia, and poten-
tiate the decrease in plasma glucose levels during an aerobic
exercise session compared with the fasting state.
Notwithstanding the risk of exercise induced-hypoglycemia
in patients with diabetes and the safety of aerobic exercise,
the authors have reported severe symptoms of hypoglycemia
on four occasions following the sucrose- and/or the aspar-
tame-sweetened meals (19).

The regulation of the metabolic response to exercise is
also closely regulated via circulating levels of a number of
counter-regulatory hormones, such as catecholamines,
glucagon and cortisol in response to variations in plasma glu-
cose and insulin levels. These hormones antagonize the
hypoglycemic action of insulin by either restraining peripheral
glucose utilization or enhancing hepatic glycogenolysis, or
both, for the blood glucose concentration to remain stable
(20). The adrenaline response after different sweetened meals
(sucrose-, fructose- and aspartame-sweetened meals) has been
reported to increase similarly during exercise, which has been
associated with a similar fall in blood glucose levels (21). Even
if the glycemic index and the decrease in glucose levels of the
fat meal were similar to the aspartame meal, a significant incre-
ment in the adrenaline response was observed only after the
aspartame meal. Of note, noradrenaline and dopamine
responses were comparable among all groups.

Because cardiovascular disease underlies the majority of
deaths due to diabetes, the well-established role of exercise in
preventing cardiovascular risk by inducing beneficial changes
in insulin sensitivity and lipid metabolism is likely to have
long-term effects on cardiovascular complications. Beta-blocker
treatment may have some negative metabolic impact in indi-
viduals with type 2 diabetes; these include increased plasma
glucose and triglyceride levels as well as body weight, increased
insulin resistance, decreased high-density lipoprotein-choles-
terol levels and hypoglycemia symptoms. Nevertheless, the
efficacy of this class of drugs on cardiovascular events and mor-
tality post myocardial infarction is undeniable (22-25). We
have evaluated the acute impact of a beta-blocker treatment
on glucose and insulin responses in well-controlled sedentary
patients with type 2 diabetes, free of cardiovascular complica-
tions. Four 60 min exercise sessions were randomly performed
in the fasted or the postprandial state, with and without five
days of a beta-blocker treatment previous (atenolol 100 mg).
Preliminary data show a significant reduction in blood glucose
levels by 41% and 37%, with and without the use of beta-
blockers, respectively, during the exercise sessions performed
in the postprandial state. Of note, the use of a beta-blocker had
a minimal impact on blood glucose levels when exercise was
performed in the fasting state. Thus, an acute beta-blocker
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treatment did not increase plasma glucose and insulin levels,
suggesting that the nutritional status has a greater impact on
glucose modulation than a beta-blocker per se.

EXERCISE AND DIABETES: INTEGRATIVE
EXERCISE PHYSIOLOGY AND EXERCISE
CAPACITY
Individuals with type 2 diabetes have a reduced exercise capac-
ity, characterized by a diminished ventilatory threshold, slower
VO, kinetics and a lowered VO peak compared with individ-
uals without diabetes (26-28). Abnormalltles related to cardiac
function, arteriovenous oxygen difference and skeletal muscle
metabolism have been associated with these altered exercise
responses in patients with diabetes (29,30). However, the prin-
cipal underlying pathophysiological process responsible for
these limitations is unknown. Furthermore, the importance of
diabetes per se as a potential contributor to this reduced exer-
cise capacity compared with the impact of diabetes complica-
tions is not well understood. Accordingly, an important area of
research in our laboratory over the years has been the impact
of type 2 diabetes and its complications on different human
body systems during exercise, as well as its influence on exer-

cise capacity.

_ ltis clear that type 2 diabetes has a negative impact on peak
VO,. However, the early impact of this metabolic disorder per
se is not well described. Systemic oxygen transport to tissue is
a likely contributor to this altered exercise performance. Indeed,
the alteration of beta-adrenergic-related hemodynamic and
ventilatory responses to peak exercise limits peak VO, in well-
controlled, uncomplicated subjects with type 2 diabetes (31).
Specific parameters related to cardiac function may be respon-
sible for this diminished peak VO,. Among them, the presence
of an early and prevalent clinical evidence of diabetic car-
diomyopathy, namely left ventricular diastolic dysfunction
(LVDD) (32), has been negatively related to exercise capacity
in these patients (33). In this context, we were interested in
evaluating the impact of well-controlled, uncomplicated type
2 diabetes on human body systems during exercise compared
with a control group without diabetes matched for age and
body mass index. Surprisingly, diabetes did not add any burden
on exercise capacity; no significant difference in peak VO, was
observed between the two groups. Interestingly, we found that
LVDD has a negative impact on exercise capacity independent
of the presence of diabetes (personal observation). These results
suggest that the presence of LVDD, in well-controlled, uncom-
plicated type 2 diabetics and subjects without diabetes, alters
exercise performance. This has previously been shown in a
cohort constituted solely of patients with type 2 diabetes (33).
Together, these results suggest that it is probably not diabetes per
se but the presence of LVDD that could initially alter exercise
capacity in well-controlled, uncomplicated patients with type 2
diabetes.

Type 2 diabetes is also known to be related to arterial stiff-
ness, which, in turn, is associated with increased afterload
(34), leading to an elevated systolic blood pressure (SBP) (35).
An exaggerated SBP response to exercise is associated with a
lower cardiorespiratory fitness level in women (36). In com-
parison, athletes are known to develop an elevated blood pres-
sure (BP) response in association with a higher exercise
capacity compared to nonathletes (37). In fact, a positive rela-
tionship between the exercise BP response and left ventricular
mass has been documented in this population (37). However,
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Figure 2) Schematic representation of the parameters influencing exer-
cise capacity in patients with higher peak exercise systolic blood pres-
sure. From Brassard et al (38) with permission

the influence of early hemodynamic changes induced by dia-
betes, such as the presence of an elevated exercise SBP
response on exercise performance in subjects with type 2 dia-
betes without coronary disease, is unknown. Accordingly, we
evaluated the impact of an elevated SBP in response to peak
exercise on different parameters related to exercise capacity in
sedentary subjects with type 2 diabetes free of coronary disease.
Contrary to our hypothesis, an elevated exercise SBP was not
associated with a reduced exercise capacity (38). Furthermore,
SBP modulation during exercise was not related to glycemic
control. We suggested that in subjects with type 2 diabetes free
of coronary disease with elevated peak SBP, the increased exer-
cise tolerance observed may have been related to an adaptive
left ventricular remodelling, inducing a higher cardiac output
compared with subjects with low peak SBP. However, this pos-
itive influence on exercise capacity may be lost with the
appearance of LVDD (38) (Figure 2).

Adequate control of glycemia is an important goal in the
management of type 2 diabetes. However, results of studies
evaluating whether glycemic control affects exercise tolerance
in patients with type 2 diabetes are conflicting (27,28,39-42).
Hyperglycemia appears to have a negative influence on param-
eters associated with the regulation of oxygen transport and
utilization (43-48). Thus, we were interested in evaluating the
influence of less-than-optimal glycemic control on systemic
oxygen transport, the modulation of submaximal VOZ, pul-
monary ventilation (V ) and heart rate (HR) during exercise
in patients with type 2 dlabetes

Fasting blood glucose (FBG) and glycated hemoglobin
(HbA,,) levels and exercise tolerance were evaluated in
sedentary men with type 2 diabetes treated with oral hypo-
glycemic agents and/or diet. We observed that relatively small
abnormalities in short- and long-term glycemic control (FBG
and HbA |, respectively) did not affect peak VO, (49).
However, higher HbA | levels were associated with altered
pulmonary function, characterized by a lowered V response
during submaximal exercise, and higher FBG concentrations
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Figure 3) Computed tomography of a healthy subject (left panel) and
a patient with chronic obstructive pulmonary disease (right panel).
The mid-thigh muscle cross-sectional area was considerably reduced in
the patient with chronic obstructive pulmonary disease compared with
that of the healthy subject, amounting to 80 cm? and 119 cm?, respec-
tively. From Bernard et al (71) with permission

were associated with a negative impact on the HR increment
in response to increasing exercise loads. Thus, acute hyper-
glycemia may have had some repercussions on baroreceptor
sensitivity and/or autonomic nervous system altering the HR
response to exercise. Also, chronic hyperglycemia may lead to
alterations in lung structure affecting pulmonary Vj in
response to exercise. This altered response may have been
influenced by an abnormal chemoreflex and/or ergoreflex (49).

EXERCISE, PERIPHERAL MUSCLES, CHF AND
CONGENITAL HEART DISEASES

Another area of interest in our Institution over the years has
been the relation between exercise and cardiovascular diseases
and more specifically the impact of cardiac dysfunctions on the
periphery. For instance, skeletal muscle function at rest and
during exercise in patients with CHF and congenital heart dis-
ease has been investigated. Many studies have demonstrated
the existence of a poor relationship between central hemody-
namic parameters and exercise tolerance in CHF (50-53), and
the contribution of impaired skeletal muscle function to exer-
cise intolerance in these patients has been recognized (54-58).
However, in the absence of an objective confirmation of mus-
cle fatigue, the validation of any endurance test based on the
motivation of the individual to perform the required task or
the attitude of the investigator can be questioned (59).
Accordingly, we investigated patients with CHF whether the
time to fatigue during isometric contraction, if corroborated by
electromyographic signals (60), could be an objective and use-
ful tool to measure muscle isometric endurance. More specifi-
cally, we wanted to know if skeletal muscle endurance of the
vastus lateralis was reduced in patients with CHF compared
with healthy subjects and if this reduction was related to the
muscle oxidative metabolism. As expected, this study demon-
strated that the endurance of the vastus lateralis muscle was
decreased in patients with CHF compared with healthy sub-
jects and that this decrease was related to muscle oxidative
capacity. The electromyographic signal during isometric exer-
cise also suggests that this test can be used to objectively assess
muscle fatigability in patients with CHF (61).

Peripheral abnormalities are likely a contributor to exercise
intolerance in patients with congenital heart disease. Patients
with a functionally single ventricle without surgical interven-
tion present a reduced exercise capacity compared with
healthy subjects (62). The Fontan procedure should enhance
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functional capacity by eliminating or reducing the right-to-left
shunt and eliminating systemic ventricular volume overload.
However, despite a 20% enhancement in VO, max after the
intervention, a 30% to 40% lower exercise tolerance is
observed compared with sex-matched healthy subjects
(63,64). Traditionally, the lower exercise performance has
been tentatively mainly explained by a reduced cardiorespira-
tory functional capacity (62). However, because it is known
that altered skeletal muscle function is also related to exercise
intolerance in patients with CHF (54-58), we investigated
whether skeletal muscle function in Fontan patients was
altered and if exercise training was feasible and safe in these
patients with the aim of improving skeletal muscle function.
We reported that these patients had excessive ergo-reflex
contribution to BP. Also, Fontan patients had abnormal
skeletal muscle function expressed as time to fatigue (65).
After an eight-week aerobic and resistance training period,
abnormal ergo-reflex activation was diminished (65). These
results suggest that exercise training should be an important
feature in their rehabilitation and that we should emphasize
skeletal muscle training in this growing population in the
contemporary adult cardiology practice (66). Noteworthy, we
were among the first investigators to stress the importance of
skeletal muscle function in regard to exercise tolerance in
these patients. These findings can be added to the other
abnormalities associated with exercise intolerance in these
patients (62).

EXERCISE, PERIPHERAL MUSCLES AND COPD
Exercise intolerance is a common feature of COPD and it has
a profound impact on quality of life. Exercise intolerance in
patients with COPD results from a complex interplay of cen-
tral (dyspnea-ventilation) and peripheral (leg fatigue) factors
and has been discussed in comprehensive review articles
(67,68). Although muscle wasting has long been recognized by
clinicians, its relevance to patients’ outcome and management
has been overlooked. Available information suggests that mus-
cle wasting is present in up to 25% to 50% of patients with
COPD (69,70). Importantly, the disproportionately greater
reduction in thigh muscle cross-sectional area than in body
weight (71) indicates a preferential loss of muscle tissue over
other body compartments (Figure 3). Low muscle mass in
COPD is associated with weaker peripheral muscles, impaired
functional status (71) and poor health-related quality of life
(72). We built on this knowledge to show that muscle atrophy
also has a strong impact on mortality in patients with severe
COPD (73). Probably the most consistent muscle adaptation
in COPD is the shift in fibre composition of peripheral muscle
with a reduction in the proportion of type I fibres and a recip-
rocal increase in type IIb fibres (74,75). Although this fibre-
type shift may be useful to preserve strength, it could increase
susceptibility to fatigue. Capillarization of the vastus lateralis,
an important determinant of muscle aerobic capacity, is also
reduced when compared with age-matched healthy subjects
(74).

The energy metabolism of the peripheral muscles has been
studied extensively in COPD. In line with the fibre-type pro-
file described above, low activity of two mitochondrial
enzymes, citrate syntase and 3-hydroxyacyl-CoA dehydroge-
nase, in the vastus lateralis muscle have been reported in
COPD (76). These two enzymes, which are respectively
involved in the citric acid cycle and beta-oxidation of fatty
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acids, are good markers of muscle oxidative capacity. In keep-
ing with these enzymatic changes, the substrate and cofactor
levels in the peripheral muscles indicate that the muscle
energy metabolism is impaired at rest and during exercise in
COPD. These peripheral muscle metabolic abnormalities may
be worsened by hypoxemia and can be partially reversed with
oxygen supplementation (77) but they are not necessarily
related to reduction in peripheral oxygen delivery (78). This
last finding suggests that the altered muscle metabolism during
exercise in COPD is related, at least in part, to poor muscle
oxidative capacity or to abnormal metabolic regulation, and
that rephosphorylation of high-energy phosphates is less effi-
cient in these patients during and after exercise. Because the
anaerobic energy metabolism yields far less ATP compared
with complete oxidative glucose degradation, the lower capac-
ity for muscle aerobic metabolism may influence exercise toler-
ance in several ways. Premature muscle acidosis, a contributory
factor to muscle fatigue and early exercise termination in
healthy subjects (79), may be an important mechanism con-
tributing to exercise intolerance in COPD (78). Increased lac-
tic acidosis for a given exercise work rate, which is a common
finding in COPD (80), could enhance the ventilatory needs,
imposing an additional burden on the respiratory muscles
already facing an increased work of breathing. Strength and
endurance are two fundamental characteristics of muscle per-
formance. Quadriceps strength is decreased on average by 30%
in patients with moderate to severe COPD, but there is con-
siderable interindividual variability. This observation is clini-
cally relevant because peripheral muscle strength is an
important determinant of exercise capacity in patients with
COPD and correlates with peak VO, and 6 min walking dis-
tance (81). The perception of leg fatigue, a common exercise
symptom limiting patients with COPD during exercise, is
inversely correlated to muscle strength (82). A significant
reduction in quadriceps endurance has been reported in
patients with COPD (83) and may be another important fac-
tor in exercise limitation because it may lead to premature
muscle fatigue. The impact of leg fatigue on the exercise
response to acute bronchodilation in patients with COPD was
also recently evaluated (84). An important contribution of our
group was to report that the exercise response to bronchodila-
tion was modulated by the presence of leg fatigue; acute bron-
chodilation failed to improve exercise tolerance in patients
who developed leg fatigue during exercise. This study provides
solid evidence of the role of peripheral muscle fatigue on the
exercise limitation in COPD.

Regardless of disease severity, patients with COPD show
multiple benefits from aerobic training (85-88). Considering
the different peripheral muscle abnormalities reported in
COPD and the beneficial impact of exercise training on mus-
cle function, this modality would appear as a logical and essen-
tial component for the treatment of this disease. Our group has
contributed to demonstrate that exercise training is the best
available strategy to enhance peripheral muscle function in
patients with COPD, providing a strong physiological ration-
ale for its use in the long-term management of these individu-
als.

At moderate to high training intensity, aerobic training
reduces exercise-induced lactic acidosis and improves skeletal
muscle aerobic capacity and bioenergetics (89,90). The likeli-
hood of obtaining physiological benefits from an aerobic train-
ing program appears more related to the patient’s ability to

Can J Cardiol Vol 23 Suppl B October 2007

Impact of chronic diseases on exercise capacity

1 Aerobic
EZZZ Aerobic + strength

=) -1
= 15
-
=
-—
-
L]
C—
= 10 -
L
=
-
1)
£ 51
2
<9
®

0 o

strength

Figure 4) Mean + SD percent change in bilateral mid-thigh muscle
cross-sectional area (MCSA) and in the strength of the quadriceps,
pectoralis major and latissimus dorsi muscles before and after training in
the aerobic and aerobic + strength groups. The improvement in bilateral
mid-thigh MCSA and in the strength of the three muscle groups was
statistically significant in the aerobic + strength group. Quadriceps
strength also showed a significant increase in the aerobic group. As can
be seen, the magnitude of the changes in mid-thigh MCSA and in the
strength of the quadriceps and pectoralis major muscles was significantly
greater in the aerobic + strength group than in the aerobic group.
*P<0.05 for pre- wersus post-training within each study group;
TP<0.05 for the aerobic group versus the aerobic + strength group.
From Bernard et al (93) with permission

engage in more intense and prolonged exercise than to the dis-
ease severity (89,91,92). Compared with aerobic training,
strength training has received relatively less attention as a
rehabilitative strategy in patients with COPD. In this popula-
tion, strengthening exercises promote muscle growth and
improves strength (93) and are usually well tolerated (94). As
it is the case for aerobic training, a greater training intensity
will increase the likelihood of obtaining an improvement in
muscle function per se. The question of whether further
improvement in muscle function and exercise capacity could
be obtained by supplementing aerobic training with strength
training was addressed (93). Greater improvements in quadri-
ceps and pectoralis major muscle strength and in muscle mass
were obtained by combining both training modalities (aerobic
training combined with 45 min of strength training performed at
80% of one repetition maximum compared with endurance
training alone) (Figure 4). When comparing the efficacy of aer-
obic and strength training, Spruit and colleagues (95) surpris-
ingly found a similar improvement in peripheral muscle
strength, exercise performance and health-related quality of life
with both training strategies. Their study suggests that resistance
training may be a good alternative in patients having difficulty
performing whole body exercise training. Based on our data and
those of others, we now routinely combine aerobic and strength-
ening exercises to treat peripheral muscle dysfunction and
improve functional status in patients with COPD.

EXERCISE AND COPD: CARDIOVASCULAR
IMPLICATIONS
COPD has been mainly considered as a disease of the lung,
characterized by partially reversible limited airflow due to
chronic bronchitis and/or emphysema. Furthermore, COPD is
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frequently associated with comorbidities. Patients with COPD
have a two- to threefold increased risk of ischemic heart dis-
ease, stroke and sudden cardiac death independently from other
risk factors such as smoking history (96). The mechanisms
responsible for this association remain largely speculative (96).

The experience of our cardiopulmonary rehabilitation pro-
gram suggest that the metabolic syndrome and systemic hyper-
tension are frequently encountered in this population. Thus, in
our studies, we evaluated the presence of two major risk factors
of cardiovascular morbidity and mortality in COPD patients;
the metabolic syndrome and systemic hypertension. The meta-
bolic syndrome is characterized by the presence of abdominal
obesity, atherogenic dyslipidemia (elevated triglycerides levels,
dense low-density lipoprotein particles, low high-density
lipoprotein-cholesterol levels), raised BP insulin resistance
(with and without glucose intolerance), and prothrombotic
and inflammatory states. A sedentary lifestyle coupled with a
deleterious diet and unknown genetic factors interact to cause
the development of the metabolic syndrome (97-99). On this
basis, we suspected that patients with COPD would be at risk
for the presence of the metabolic syndrome because these
patients are limited by respiratory symptoms and therefore
adopt a sedentary lifestyle, increasing their risk for weight gain
and insulin resistance. Thus, we evaluated the presence of the
metabolic syndrome in COPD patients who participated in our
cardiopulmonary rehabilitation program and we compared the
prevalence of the metabolic syndrome between COPD
patients and control subjects matched for age, sex and body
mass index. Overall, 61% of men and 27% of women in the
COPD presented the features of the metabolic syndrome. In
the control group, 20% of men and 21% of women presented
three or more risk markers of the metabolic syndrome (100).
Because the features of the metabolic syndrome were more fre-
quent in men and women with COPD compared with control
subjects, this may provide an explanation for the increased car-
diovascular morbidity and mortality in COPD.

Some studies suggest that an abnormal or exaggerated exer-
cise BP is associated with increased cardiovascular morbidity
and mortality (101,102) independently of resting BP (103).
This phenomenon could also explain, in part, the increased
cardiovascular morbidity and mortality in COPD patients.
Exercise training reduces BP in individuals with normal BP, as
in individuals with hypertension (104). Aerobic exercise train-
ing also lowers BP measured at fixed submaximal workload
(104). Therefore, we compared the increment in BP during a
maximal cycling exercise test between COPD patients and
age-matched control subjects and evaluated the impact of aer-
obic exercise training program on this parameter in patients
with COPD. We found that the slopes of the SBP/VO, and
diastolic BP/VO, were steeper in COPD patients versus con-
trols at baseline (105). These data suggest that COPD patients
may be chronically exposed to high BP at rest and during
activities of daily living, and this condition could be associated
with an increased risk of cardiovascular morbidity and mortal-
ity (106,107). After training, there was no reduction in
SBP/VO, and diastolic BP/VO, slopes in COPD patients
(105). Consequently, the burden on the cardiopulmonary sys-
tem may be greater in COPD patients compared with control
subjects. Finally, we performed a pilot study to evaluate the
efficacy of an aerobic exercise training program alone or com-
bined with an angiotensin II receptor antagonist (irbesartan)
on 24 h ambulatory BP and on HR variability in patients with
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COPD. Resting BP, 24 h BP, daytime BP and maximal exercise
BP decreased in the irbesartan group in contrast to the placebo
group (108). Night-time BP did not decrease significantly in
either group. HR variability did not change following the 12-
week aerobic exercise training program in the placebo and in the
irbesartan group (109). The association of irbesartan and exercise
was better than the association between placebo and exercise to
reduce BP. The exercise stimulus alone may not seem sufficient
enough to decrease significantly BP in this pilot study (108).

QUEBEC INTERNATIONAL SYMPOSIUM

ON CARDIOPULMONARY
PREVENTION/REHABILITATION
These research activities regarding the impact of exercise on car-
diovascular and pulmonary diseases rapidly led to the creation of
a pivotal activity integrating all aspects (bio-psycho-socio-cul-
tural factors) of cardiovascular and pulmonary rehabilitation.
Taking all aspects into consideration is important, because many
problems and interventions are very similar in numerous
pathologies affecting the person as a whole (110). Furthermore
it became evident that primary and secondary prevention should
also be included. Therefore, the First Québec international
Symposium on Cardiopulmonary Prevention/Rehabilitation
was organized in 1999 under the main Theme: “Challenges of
the third millennium”. It has occurred every two years since
then. The attendance at these scientific meetings has evolved
from 325 at the initial symposium to 800 participants at the fifth
event. Over the years, participants have come from 20 different
countries around the world.

CONCLUSIONS

Our research initiatives over the years have led to numerous
publications documenting the deleterious impact of diabetes,
CHE congenital heart disease and chronic obstructive disease
on the human body’s ability to perform exercise, as well as the
beneficial impact of chronic exercise in patients with these dis-
eases. As reported, exercise exerts a positive impact on several
aspects of chronic cardiovascular and pulmonary diseases. In
fact, exercise rehabilitation offers a unique opportunity to
address in a comprehensive manner, several adverse conse-
quences of these diseases. Unfortunately, in contemporary car-
diology and pulmonary practices, only minor attention has
been dedicated to the study of exercise as an effective tool to
slow the progression or reverse pathophysiological processes.
Nevertheless, our results have shown that further studies are
needed to ensure proper use of exercise as a management tool
in several populations encountered in cardiology and pneu-
mology today.
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