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often in medicine, elucidation of the genetic basis of a rare
disorder has provided new insight into pathogenesis of
disease and offered new prospects for therapy and
intervention.
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turn oligomerise and translocate to the nucleus to alter
gene transcription. BMPs 2, 4, 6, and 7 signal through
their type II receptor, BMPR-II; there is evidence that
they can bind to the type I receptors (ALK-3 and ALK-6)
but maximum signalling seems to require cooperation
between type I and type II receptors. Acting together with
different type I receptors, BMPR-II can exhibit high-
affinity binding for several BMPs and GDFs, whereas it
has poor affinity for TGF-�s 1, 2, and 3. 

How might the BMPR2 mutations account for the
disease? PPH is a disease of vascular remodelling par
excellence, and BMPs 2 and 7 have been shown to inhibit
vascular smooth-muscle-cell proliferation and to induce
apoptosis in some cell types in culture.5,6 The mutations
would be expected to result in a truncated protein or to
disrupt function by altering ligand binding or kinase
activity. It is tempting to suggest that PPH arises out of an
impairment of control of cellular proliferation. Clearly,
this is an attractive hypothesis that can readily be tested in
cell culture. 

What about those patients with PPH who have not been
shown to have a mutation in BMPR2? The investigators
acknowledge that the techniques used to screen the
BMPR2 gene may miss large deletions or gene
rearrangements and mutations in non-coding regions.
This explanation may be more likely than the alternative
possibility that the defect lies elsewhere, perhaps in a gene
encoding another component of the BMP signalling
pathway, because all the families suitable for linkage
studies show linkage to the same locus.

However, since any genetic defect would be present
from birth and potentially affect a wide range of tissues
with similar expression patterns of BMPR-II to the lung,
why would the disease be restricted to the pulmonary
vasculature, and why would it manifest later in life in only
a small proportion of individuals with the mutation?
BMPR-II is essential for development since mice
homozygous for a mutation in the kinase domain of
BMPR-II die at day 9·5, before gastrulation.7 By contrast,
the heterozygous mice (comparable to the human PPH
patients) are grossly normal, indicating that a 50%
reduction in BMPR-II receptor function is not in itself
sufficient to produce an obvious phenotype. The reason
for the poor penetrance of the PPH phenotype may be
that a second insult, perhaps in another component of the
TGF-� signalling pathway, is required before the
phenotype is expressed. An analogy could be hereditary
haemorrhagic telangiectasia (HHT), in which causative
mutations have been defined in two separate genes
(endoglin and ALK-1) that encode different components of
the TGF-� receptor complex.8,9 In HHT, individuals
inheriting the same disease gene display a wide variation
in the severity and pattern of disease, and evidence is
accumulating of genetic and environmental factors
predisposing individuals and mouse models to particular
patterns of disease. Perhaps herein lies the basis for the
association of PPH with anorectic drugs, although how
these agents affect BMP signalling, and why the
phenotype should be restricted to the pulmonary vascular
bed is not clear.

Attention will now focus on the biology of the BMP
family and their receptors. Abnormal signalling through
mutated BMPR-II needs to be confirmed, and how
dysfunction of this system leads to pulmonary vascular
rather than systemic vascular abnormalities needs to be
explained. The extent to which sporadic cases of PPH
arise from similar mutations will be explored and the role
of TGF-� and BMPs in the remodelling of secondary
pulmonary hypertension merits study. As is the case so
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Exercise prescription in cardiac disease

Although the importance of physical activity to health has
long been recognised, the prescription of exercise for
patients with cardiac disease was popularised only in the
1960s, specifically in relation to coronary artery disease
(CAD).1 Physical inactivity is an independent risk factor
for CAD, posing a similar relative risk as hypertension,
hyperlipidaemia, and smoking.2 Exercise prescription in
cardiac disease has been expanded, so it is prescribed not
only for primary and secondary prevention of CAD but
also in a range of other disorders, such as left-ventricular
dysfunction and heart failure, and after various cardiac
surgical procedures and interventions.

Exercise prescription is dependent on the specific
disease state as well as the presence of other medical
complaints, age, medications, and psychosocial factors.
As with any prescription, the treatment is prescribed at a
specific dose for a particular duration, and the response 
is monitored. Legal responsibility resides with the
prescribing doctor, a feature that has raised concerns,
particularly in general practice.3 Despite good evidence of
benefit, this treatment is commonly not offered. For
example the Anerican Heart Association (AHA) has
recommended physical activities for patients with
congenital heart disease4 but recent evidence suggests
advice even in specialist centres is suboptimum.5

Exercise prescribed consists of a combination of
aerobic and, in most cases, progressive resistance
training. Aerobic exercise should involve sustained
rhythmic actions of large muscle groups, and the dose
can be varied by intensity, duration, and frequency.
Intensity can be defined by heart rate, heart-rate reserve,
oxygen uptake, metabolic equivalents, or perceived



For personal use only. Not to be reproduced without permission of The Lancet.

exertion. Sessions should include a warm-up, a
conditioning phase, and a cool-down. Warm-up and
cool-down are especially  important in cardiac disease
and significantly reduce the chance of ischaemia,
ventricular ectopy, and reduced left ventricular
function.6–8

Exercise testing before the start of a training
programme is recommended, to develop an individual
specific prescription based on medical history, risk level,
baseline functional capacity, and personal goals.
Definitions of who are at high risk during exercise vary,
but focus on those with a low ejection fraction, a poor
haemodynamic response to exercise, an increase in
ventricular arrhythmias with exercise, recent myocardial
infarction complicated by serious arrhythmia, or silent
ischaemia.

Significant improvements in physical fitness in patients
with cardiac disease can occur at lower doses than those
recommended for the general population, particularly in
those who are in poor condition, with the threshold for
benefit being considered to occur between 40 and 60%
VO2max.9 The initial conditioning stage (4–6 weeks)
enables familiarisation and reassurance and lasts 12–20
min, starting at the lower end of the target range (eg,
40–50% VO2max). During the improvement stage the dose
of exercise is gradually increased in terms of intensity
(40–85% VO2max), duration (20–30 min), and frequency
(generally three to five times per week). In the mainten-
ance stage, typically reached at 6 months, exercise
continues to be done regularly at the level achieved.

Improvements in VO2max start to plateau at three
sessions weekly, with more than five sessions weekly
conferring negligible further improvements,10 whilst
increasing the chance of musculoskeletal injury. Only
modest gains in VO2max are obtained with more intensive
exercise.11 Training regimens less frequent than twice a
week do not produce a significant change in VO2max, and
loss of body weight/fat is minimal with less than thrice

weekly sessions. Patients in poor condition may benefit
from reducing the intensity and increasing the duration,
and/or breaking up the sessions such that the total work
done remains the same.12

Adaptations resulting from exercise in patients with
cardiac disease are predominantly peripheral, in
exercising muscle, rather than central. Functionally
related exercise of both upper and lower limb muscle
groups is therefore encouraged. Aerobic exercise with
arm ergometers is generally prescribed at a slightly lower
intensity than for leg exercise.

Individualised, mild to moderate progressive resistance
training has been the subject of recent position paper
from the AHA13 and is an important component of the
conditioning programme, even in high-risk patients. It
may reduce the rate-pressure product and myocardial
oxygen consumption, control risk factors, and increase
treadmill and cycle endurance time to fatigue, although it
has little effect on the VO2max (panel).

Adverse effects with exercise are infrequent, but acute
infarction and ventricular fibrillation are most likely in
those with ischaemia, severe ventricular damage, or both.
Transient arrhythmias and angina are more common
than is hypotension. 

Evidence of benefit with therapeutic exercise has been
described mostly with CAD and include reduction in
blood pressure, body weight, improved lipid profiles, and
improved psychological well being. In congestive failure
there is increased functional capacity, aerobic capacity,
and anaerobic threshold, reduced minute ventilation at
submaximum exercise, and increased peak blood flow to
exercising limb. Cardiac output and ejection fraction
remain unchanged.14

Exercise is now being prescribed after cardiac
transplantation, valve replacement, and patients with
implanted devices. The risk of accelerated graft athero-
sclerosis in cardiac transplant patients necessitates
aggressive risk-factor modification, including exercise
training, which confers significant benefit. Exercise
prescription after valve replacement increases aerobic
capacity and work capacity and reduces the rate-pressure
product and its rise.15 Patients with variable-rate
pacemakers and implantable defibrillators may also
benefit from exercise prescription. 

There is a need for more research into the effects of
exercise in cardiac disease. Studies have focused
predominantly on white men, and the effects of factors
such as sex, psychology, socio-economic status, ethnicity,
and other cultural factors warrant evaluation. For long-
term benefit, regimens must be maintained and, for
practical purposes, unsupervised. Identification of the
key components that confer benefit, promote
compliance, and keep adverse events to a minimum will
enable the development of more specific regimens. 

In most places there are well-developed hospital-
centred post-myocardial infarction rehabilitation services.
However, for other cardiac diseases such arrangements
are generally fragmented and ad hoc. Training and the
wider provision of specialist facilities, both hospital and
community based, may help encourage the prescription
of appropriate exercise for patients with cardiac disease.
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Effect of exercise

Aerobic Resistance
exercise exercise

Body composition
% fat ↓↓ ↓
Lean body mass ←→ ↑↑

Glucose metabolism
Insulin response to glucose ↓↓ ↓↓
challenge
Basal insulin concentration ↓ ↓
Insulin sensitivity ↑↑ ↑↑

Serum lipids
HDL cholesterol ↑←→ ↑←→
LDL cholesterol ↓←→ ↓←→

Resting heart rate ↓↓ ←→
Stroke volume, resting and ↑↑ ←→
maximal

Blood pressure at rest
Systolic ↓←→ ←→
Diastolic ↓←→ ↓←→

V02max ↑↑↑ ↑←→
Submaximum and maximum ↑↑↑ ↑↑
endurance time

Basal metabolism ↑ ↑↑
↑=values increase: ↓=values decrease: ←→=values unchanged
Single arrow=small effect; double arrows=medium effect;
triple arrow=large effect
Adapted from Pollock and Vincent.16
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serotypes. However, replacement with pneumococci of
non-vaccine serotypes occurred, so the overall prevalence
of pneumococcal carriage in vaccinated children was little
changed. A second study of Gambian children 1–4
months after completion of a primary course of vaccin-
ation with a nine-valent conjugate vaccine at the ages of 2,
3, and 4 months showed a similar trend,8 but the effect
was smaller than in the initial study, perhaps because
these children had lower antibody concentrations.
Although a study from Israel did not find evidence for
replacement,9 subsequent studies in South Africa and in
Israel did so.10,11 In the second Israeli study, which was
undertaken in children attending day-care centres,
pneumococci of non-vaccine serotypes were found
infrequently in very young children and remained
uncommon in non-vaccinated children. However, in
vaccinated children, the proportion of pneumococci
isolated from the nasopharynx of non-vaccine serotypes,
relative to those of vaccine serotypes, increased gradually
with age and, by the age of 3 years, pneumococci of non-
vaccine serotypes predominated.11

The results of these carriage studies suggest that
replacement of vaccine serotypes by non-vaccine serotype
in the nasopharynx will occur after mass implementation
of the conjugate pneumococcal vaccine. Whether this
replacement will increase the incidence of invasive disease
caused by pneumococci of the latter types is difficult to
predict. Pneumococci of non-vaccine serotypes may, as
commonly assumed, be inherently poor at causing
pneumonia and invasive disease, and the increased
carriage and transmission of these isolates would have no
consequences for these forms of pneumococcal disease.
Alternatively, pneumococci of some non-vaccine
serotypes may have high attack rates, but currently cause
little pneumonia or invasive disease because they compete
poorly with vaccine serotypes for colonisation of the
nasopharynx. If they were given a competitive advantage
at colonisation because of vaccination, they might become
an important cause of pneumonia and invasive disease.
The most likely long-term outcome is somewhere between
these extremes—pneumonia and invasive disease caused
by non-vaccine serotypes will probably increase after
vaccination but the overall prevalence of these pneumo-
coccal diseases will remain substantially below pre-
vaccination levels.

Serotype replacement may be of more concern for the
control of acute otitis media than of invasive disease. It is
not known whether there are particular strains (as
opposed to serotypes) of pneumococci that preferentially
cause otitis media or whether almost any pneumococcus
that colonises the middle ear can cause this infection. If
the latter is the case, the conjugate vaccines are unlikely to
have any sustained effect on the prevalence of otitis
media, since serotype replacement following vaccination
would simply lead to otitis media being increasingly
caused by pneumococci of non-vaccine serotypes. There
is some support for this view from the conjugate vaccine
trial in Finland, where the incidence of otitis media
caused by pneumococci of non-vaccine serotypes
increased by 37% in vaccinated children.12

High-level penicillin resistance is found almost
exclusively among isolates of the vaccine serotypes,
presumably because selective pressures for resistance are
strongest on isolates carried in the nasopharynx of
children, which are predominantly of these serotypes.
Thus, introduction of the conjugate vaccines should lead
to a reduction in the prevalence of carriage and disease
caused by penicillin-resistant isolates. However, if
serotype replacement results in a new set of childhood
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Prevention of pneumococcal disease by
vaccination: does serotype replacement
matter?

Recent clinical trials of conjugate pneumococcal vaccines
suggest they will be highly effective at preventing invasive
disease caused by isolates of the vaccine serotypes.1,2

However, the long-term efficacy of vaccines that target
only a proportion of the isolates of a bacterial species that
cause disease, and the possible impact of the selective
pressures exerted on a bacterial population by such
vaccines, need to be considered.3,4 For the pneumococcal
conjugate vaccines, which target only 7–11 of more than
90 serotypes, the major concerns are whether non-vaccine
serotypes will replace vaccine serotypes in the naso-
pharynx, and the possible consequences, if any, of the
increased carriage and transmission of non-vaccine
serotypes within the community.

Unlike polysaccharide vaccines, pneumococcal
conjugate vaccines affect the prevalence of naso-
pharyngeal carriage.5,6 An early study of Gambian infants
immunised with a five-valent pneumococcal conjugate
vaccine, and then re-immunised with a 23-valent
pneumococcal polysaccharide vaccine at the age of 2
years,7 showed a reduction in the prevalence of naso-
pharyngeal carriage of pneumococci of the vaccine


