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Slaying the CVD dragon with steroids
D.D. Sin, S.F. Van Eeden and S.F.P. Man

C
ardiovascular diseases (CVD) are a big problem
worldwide, accounting for 29% of all deaths and over
16 million deaths annually [1]. Ischaemic heart disease

(IHD) and stroke are by far the most important contributors to
total CVD mortality, responsible for 43% (7.2 million) and 33%
(5.5 million) of all CVD deaths, respectively. At the heart of
IHD and stroke is atherosclerosis, characterised by foamy
macrophages, cholesterol crystals, smooth muscle proliferation
and endothelial dysfunction [2]. The three leading modifiable
risk factors for atherosclerosis are hyperlipidaemia, hyperten-
sion and tobacco smoking, accounting for 50–75% of total
population attributable risk for CVD mortality [3]. By targeting
and treating these risk factors, tremendous improvements in
health outcomes from IHD and stroke have been achieved over
the past 30 yrs, largely owing to population-based reductions
in blood pressure, cholesterol, saturated fat intake and
cigarette smoking. However, recent disappointing results of
torcetrapib (which dramatically raised high-density lipopro-
tein cholesterol) [4], combination therapy with fenofibrate and
simvastatin (which reduced low-density lipoprotein choles-
terol) [5] and renin–angiotensin system blockers (which
reduced blood pressure) [6, 7] for the attenuation of cardio-
vascular events beyond standard therapy have been sobering;
these findings have suggested that we may have reached the
limits of risk reduction with these interventions, and raise an
urgent call to find novel pathways and targets to further fight
the large burden of IHD and stroke worldwide. Unfortunately,
there is a dearth of promising compounds in the pipeline and
many large pharmaceutical companies, including Pfizer, have
abandoned CVD drug development altogether, after a decade
of repeated failures [8].

The report in this issue of European Respiratory Journal by
OTSUKI et al. [9], showing that inhaled corticosteroids (ICS) are
associated with reduced atherosclerosis in patients with
asthma, is welcome news for patients with CVD. In this
carefully conducted case–control study of 150 patients with
asthma and 150 healthy control subjects, OTSUKI et al. [9]
showed that patients with asthma in general had lower burden
of carotid atherosclerosis, as determined by high-resolution
ultrasound B-mode imaging studies demonstrating reduced
intimal and medial wall thickness and reduced plaque
formation in the carotid arteries, in spite of a higher prevalence

of smoking among asthmatic than control subjects. In this
study, the leading risk factors for increased carotid wall
thickness were, not surprisingly, older age, dyslipidaemia and
male sex, which comprise three of the five Framingham Heart
Study risk factors [10]. However, contrary to expectations, the
mean daily dose of ICS was also associated with atherosclero-
sis such that patients who were using the highest doses of ICS
had the lowest risk while those using the lowest doses had the
highest risk, suggesting that ICS is protective against athero-
sclerosis [9]. The use of other anti-asthma medications, such as
b2-agonists, leukotriene receptor antagonists and theophylline,
made no difference to the risk of atherosclerosis.

The strengths of this study were the relatively large sample
size, the direct visual measurement of atherosclerosis, the
careful blinding of the ultrasonographer to the clinical status of
the patients, and the excellent balance in the baseline
demographic characteristics between asthmatic patients and
control subjects. However, there were also some shortcomings.
First, it was not a randomised controlled trial and, as such, was
susceptible to the biases and confounding issues that plague all
observational studies [11]. Secondly, it was a cross-sectional
study and so lacks the power of a longitudinal study for the
assessment of temporal relationships. Thirdly, the patients
used different formulations of ICS. To make different com-
pounds comparable, all ICS were converted to the same units
by using a conversion factor of 1.25 for budesonide, and 2.0 for
fluticasone propionate, hydrofluoroalkane beclomethasone
and hydrofluoroalkane ciclesonide. Although this approach
is reasonable and practical, it is far from precise, making it
possible that residual errors in dose conversion may have
driven the results. Fourthly, the potential role of the ‘‘asthma
phenotype’’ in CVD pathogenesis is unclear, given that the
control group was comprised of healthy subjects. Lastly, and
most importantly, on the surface at least, there appears to be no
compelling biological rationale for why ICS would reduce the
risk of atherosclerosis. Indeed, the traditional teaching has
been that steroids accelerate atherosclerosis by exacerbating
several well-known coronary risk factors such as hyperten-
sion, hyperlipidaemia and glucose intolerance [12]. While
this statement is true for oral corticosteroids, perhaps because
of the low blood levels, ICS do not appear to share these
side-effects.

What then is a plausible mechanism? It is now well established
that, along with the traditional risk factors, inflammation plays
an active role in the pathogenesis of atherosclerosis [13]. Once
the endothelium becomes activated by sheer stress or circulat-
ing pro-inflammatory mediators, a local inflammatory reaction
occurs in the vessel wall that allows translocation of oxidised
low-density lipoprotein and leukocytes that amplify blood
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vessel wall inflammation (fig. 1). This process can be further
enhanced by the absence of high-density lipoprotein (which
carries the processed cholesterol from the vessels to the liver),
or by persistent (systemic) inflammatory stimulus, leading to
chronic elevations in plasma C-reactive protein or interleukin-6
levels (fig. 1) [14]. Local application of corticosteroids to
damaged endothelium, however, can attenuate the inflamma-
tory process and restore the damaged endothelium. This con-
cept is well supported by animal experiments. For example,
VILLA et al. [15] showed that local application of 0.5% dexa-
methasone polymer to damaged endothelium prevented
neointimal proliferation following balloon vascular injury
and restored vascular function in a rat model. In a mouse
model, we have shown that, by spraying just one dose of
budesonide (2 mg?kg-1) into the trachea of 10–15-week-old mice,
we could restore the endothelial function of the aorta, which
was lost by intratracheal instillation of lipopolysaccharide [16].

Similar findings have been noted in other animals, including
rabbits [17].

This concept also appears to be applicable to humans. In
healthy volunteers, 2-week treatment with fluticasone, intra-
nasally and by inhalation, prevented the rise in plasma
interleukin-6 that occurred when subjects were exposed to
organic dust [18]. ICS also restored endothelial function when
given daily for 3 weeks to smokers [19] and in those with
chronic obstructive pulmonary disease (COPD) [20]. Most
provocatively, in the EUROSCOP (European Respiratory
Society study on chronic obstructive pulmonary disease)
study, 3-yr treatment with budesonide was associated with a
43% reduction in ischaemic cardiac events compared with
placebo (number needed to treat 44) [21] and in the INSPIRE
(Investigating New Standards for Prophylaxis in Reducing
Exacerbations) study, the use of ICS/long-acting b2-agonist
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FIGURE 1. Effects of inhaled corticosteroids (ICS) on blood vessels and progression of atherosclerosis. ICS can downregulate the inflammatory process in the lungs,

which in turn, reduces the spillover of inflammatory mediators from the lungs into the systemic circulation, dampening the systemic inflammatory process that is persistent in

patients with obstructive airways disease. Because systemic inflammation is a co-factor in the genesis of endothelial dysfunction and progression of atherosclerosis, ICS can

enhance blood vessel function and reduce the risk of ischaemic events. Critical to this process are mediators such as interleukin (IL)-6, tumour necrosis factor (TNF)-a, matrix

metalloproteinases (MMPs) and nitric oxide, which may be modulated by ICS. CRP: C-reactive protein; ET-1: endothelin-1; ICAM-1: intercellular adhesion molecule-1; oxLDL:

oxidised low-density lipoprotein; ROS: reactive oxygen species; VCAM-1: vascular cell adhesion molecule-1.

D.D. SIN ET AL. EDITORIAL

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 36 NUMBER 3 467



combination resulted in a 31% reduction in cardiac adverse
events and 56% reduction in total mortality compared with
treatment with tiotropium alone, despite no significant
differences in lung function or COPD exacerbation rates in
the two groups [22]. In the observational study by LEE et al.
[23], the use of ICS was associated with a 20% relative risk
reduction for cardiovascular mortality. Collectively, these
human and animal data suggest that ICS reduce cardiovas-
cular morbidity and mortality, most likely by reducing
complications related to atherosclerosis. While the precise
mechanism by which ICS exert this effect has not been fully
elucidated, ICS may mitigate the risk of atherosclerosis by
reducing local (lung) and systemic inflammation and by
reducing endothelial activation, thereby restoring endothelial
function, which have been dysregulated by cigarette smoking,
infection, inflammation or environmental pollutants (fig. 1).

There is mounting evidence that many of the heart, lung and
vascular diseases may have a common pathophysiology. The
report by OTSUKI et al. [9] suggests that ICS, which have been
used for decades in the treatment of inflammatory airway
diseases, may have a salient role in protecting against
atherosclerosis. If these data can be confirmed by a large
randomised controlled trial, we may be able to at least partially
slay the CVD dragon, which, by 2030, will be responsible for
one out of every three deaths worldwide (representing 24.2
million deaths per annum) [24], and revolutionise the way in
which we treat heart disease.
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