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Abstract Valvular heart disease (VHD) represents a signiﬁcant burden within the spectrum of cardiovascular diseases. In recent years, there has
been a great interest in ﬁnding medical treatments able to slow the progression of VHD. The negative results of several large randomized trials failing to
demonstrate a beneﬁt of such therapies, has led to a decrease of interest in this ﬁeld. However, ﬁnding a medical treatment capable of preventing VHD
progression is still a hot topic, due to the important clinical implications. We believe that the jury is still out on the debate about the role of statin therapy
in VHD, considering also recently published studies providing new information with future implications for the treatment of this disease process. This
article gives an overview of the published evidence about the role of hydroxymethylglutaryl coenzyme-A reductase inhibitors on delaying progressive
valve dysfunction. A preventive therapy, which could inﬂuence not only the haemodynamic progression of valve disease, but also the cardiovascular
outcome, is warranted. Large, prospective, randomized trials are needed to properly evaluate the role of statins in the early stages of valvular heart disease.
Keywords Valvular heart disease – progression – statin treatment.

INTRODUCTION
With an estimated prevalence of up to 12% of adults
over the age of 75 years, valvular heart disease (VHD)
represents a significant burden within the spectrum of
cardiovascular diseases1. In the past, VHD was typically
caused by rheumatic heart disease, which remains a
significant contributor in developing countries2. However, in industrialized countries the prevalence of rheumatic disease has fallen substantially and the main cause
of VHD is now represented by ‘degenerative’ disease.
For patients with symptomatic, severe VHD, cardiac
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surgery is recommended while conventional medical
treatment is reserved for symptoms’ control in inoperable cases2. In recent years, there has been a great interest in finding medical treatments able to slow the progression of VHD. The negative results of several large
randomized trials failing to demonstrate a benefit of
such therapies, led to a decrease of interest in this field.
In this article we provide an overview of the published
evidence about the role of hydroxymethylglutaryl coenzyme-A reductase inhibitors (statins) on delaying progressive valve dysfunction.

STATINS AND PROGRESSION OF
CALCIFIC AORTIC VALVE STENOSIS
Epidemiology and natural history of calciﬁc
aortic stenosis

Aortic stenosis (AS) is the most common isolated valve
lesion nowadays, representing approximately 34% of
patients with VHD3. It affects 3-7% of the population
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above 65 years1-3. Moreover, its prevalence is increasing
with the increase in life expectancy1. Aortic valve sclerosis (i.e. aortic valve thickening and calcification without
pressure gradient) progresses to haemodynamically significant AS in many patients4, and it represents a marker
of increased risk for cardiovascular events5. For many
years, it was believed that AS had a long asymptomatic
period, followed by a shorter symptomatic period, usually
associated with severe narrowing of the aortic valve orifice. Recent studies have shown that the progression of
AS is largely unpredictable in the individual patient: in
some cases it may be very slow, in others rather fast4.

Despite the similarities, AS and atherosclerotic
lesions are not the same. For instance, typical smooth
muscle cells are not found in diseased aortic valve leaflets while the calcification process is prominent in aortic valve lesions. Furthermore, mineralization occurs
earlier in aortic valve lesions than in atherosclerosis.
These differences may also explain why most patients
with severe AS have significant coronary artery disease
while most patients with coronary artery disease do not
have AS8.

Pathology of calciﬁc aortic stenosis

Concerning genetic factors, it has been shown that
the vitamin D receptor genotype predisposes to the
development of calcific AS14. Novaro et al. studied the
association between apolipoprotein E alleles and calcific
valvular disease, providing evidence for a possible
genetic role in aortic valve calcification15. A very recent
study showed that genetic variation in the Lp (a) locus,
mediated by Lp(a) levels, is associated with aortic valve
calcification and incident clinical AS16.

Over the last ten years, the scientific progress in the
field of calcific AS progression has been substantial6,7.
Historically, calcific AS has been associated with passive,
age-related valve degeneration. However, recent evidence suggests that it is the result of an active inflammatory process involving biochemical, genetic and
humoral factors. The microscopic assessment of both
mild and severely affected aortic valves shows endothelial disruption, with underlying subendothelial thickening8. The lesion itself contains disorganized collagen
fibres, chronic inflammatory cells, lipids, and bone mineral8. These histological findings closely resemble those
seen in atherosclerosis and suggest chronic inflammation. The factors that initiate the inflammatory process
have not been totally identified. Mechanical injury to
the endothelium is thought to facilitate subsequent
inflammation. Lipids may penetrate the valvular interstitial tissue and accumulate in the areas of inflammation, due to endothelial injury.
Lipids

Several factors have been associated with aortic valve
stenosis and sclerosis progression, such as advanced
patient age, male gender, obesity, smoking, hypertension,
diabetes mellitus, coronary artery disease9,10. There is
clinical evidence of an association between aortic valve
lesion and dyslipidaemia, such as increased total serum
cholesterol, low-density lipoprotein (LDL), lipoprotein
Lp(a) concentration and decreased high-density lipoprotein levels (HDL) 10,11. The oxidized lipoproteins are
cytotoxic and capable of stimulating inflammatory activity and mineralization. Several experimental studies have
advanced the understanding of aortic valve disease
pathogenesis12,13. Rajamannan et al. showed that aortic
valves from hypercholesterolaemic rabbits had evidence
of atherosclerotic lesions, increased C-reactive protein,
early calcification, and lesser levels of nitric oxide synthase compared with controls12.

Genetic factors

Statin therapy for calciﬁc aortic stenosis?
Echocardiographic studies

The old concept of AS as a passive degenerative disease is now obsolete since studies have shown that it
actually represents an active process similar to atherosclerosis8. This has led to increased interest in searching
a medical therapy which can slow the progression of AS.
Over the course of time, several serial echocardiographic studies have evaluated the role of statin treatment on the progression of calcific AS (tables 1, 2).
Aronow et al. have published a retrospective study showing that, in an old population with mild AS and a LDL
plasma concentration ≥ 125 mg/dL, the use of statins
significantly reduced the increase in peak systolic gradient across the aortic valve as compared to those untreated
(3.4 ± 1.0 vs. 6.3 ± 1.4 mmHg/year, P < 0.0001)17. Novaro
et al. showed a slower progression of calcific AS in
patients on statin treatment (the annualized decrease in
aortic valve area was 0.11 ± 0.18 cm2/year for the nonstatin group vs. 0.06 ± 0.16 cm2/year in the statin group,
P = 0.03) 18. Also, Bellamy et al. found in their study that
the use of statins was associated with a slower progression of AS (decrease in aortic valve area -3 ± 10% vs.
-7 ± 13% per year, P = 0.04) 19. In 2004, Rosenhek et al.
published the results of their retrospective study, showing a significantly lower progression of AS in patients
treated with statins (aortic jet velocity, 0.10 ± 0.41 m/s/
year) than in those who were not (0.39 ± 0.42 m/s/year,
P < 0.0001) 20. All these retrospective studies have similar
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Table 1 Characteristics of patients included in observational retrospective studies concerning aortic stenosis progression
Authors

PY

Pts
(N)

Pts receiving
statins
(N)

Duration of
follow-up
(months)

Mean
age (y)

Female
(%)

HT
(%)

DM (%)

Aronow et al. (17)

2001

180

62

33

82 ± 5

69

73

27

Novaro et al. (18)

2001

174

57

21

68 ± 12

56

69

25

Bellamy et al. (19)

2002

156

38

44

77 ± 12

42

66

24

Rosenhek et al. (20)

2004

211

50

24

70 ± 10

49

80

21

Antonini-Canterin et al. (21)

2008

1,046

309

228

69 ± 7

42

81

33

CAD (%)

Vmax
(m/s)

Effect of statins
on progression

–

–

Yes

59

2.65

Yes

35

2.95

Yes

27

3.96

Yes

78

2.2

Yes, in Ao sclerosis
and mild AS

Ao: aortic, AS: aortic stenosis, CAD: coronary artery disease, DM: diabetes mellitus, HT: arterial hypertension, PY: publication year, Pts: patients, Vmax: peak aortic jet
velocity.
Empty fields indicate lack of data in the respective studies.

Table 2 Characteristics of patients included in prospective studies concerning aortic stenosis progression
Authors

PY

Pts
(N)

Duration of
follow-up
(months)

2005

134

25

AS
definition,
m/s

Pts in statin
and placebo
groups (N)

Mean age
(yrs)

Female
(%)

HT (%)

DM
(%)

CAD
(%)

Vmax
(%)

77

68 ± 11

32

62

4

23

3.39

≥ 2.5

78

68 ± 10

28

69

5

27

3.45

*

61

73 ± 8

66

74

43

–

3.65

60

74 ± 9

40

53

22

–

3.62

*

Cowell et al. (22)

≥ 2.5

£

Moura et al. (26)

2007

121

3-4

18

£

3-4

*

Rossebo et al. (23)

2008

1873

2.5-4

52

£

2.5-4

*

Dichtl et al. (24)

2008

47

27.6

≥ 2.5

£

≥ 2.5

*

Chan et al. (25)

2010

269

42

2.5-4

£

2.5-4

944

68 ± 9

39

52

–

–

3.09

929

67 ± 10

39

51

–

–

3.1

23

64 ± 12

35

39

4

39

3.4

24

70 ± 10

46

58

21

17

3.2

134

58 ± 14

37

–

–

–

3.19

135

58 ± 13

40

–

–

–

3.16

Effect of
statin on
progression
No

Yes

No

No

No

AS: aortic stenosis, CAD: coronary artery disease, DM: diabetes mellitus, HT: arterial hypertension, PY: publication year, Pts: patients, Vmax: peak aortic jet velocity.
Empty fields indicate lack of data in the respective studies.
*
statin group, £placebo group.

limitations: a small sample size of patients treated with
statins, relatively short mean follow-up duration and
lack of information about statin efficacy on different
degrees of disease severity. In 2008, a large retrospective
case-control study showed no significant reduction in
AS progression in patients receiving statins21. A positive
effect of statins was found only in the subgroup of
patients with aortic valve sclerosis and mild AS (peak
velocity < 3 m/s), suggesting that statin therapy should
be taken into consideration in the early stages of this
disease.
Because the results of the first published studies were
conflicting, several prospective randomized controlled
trials were developed to determine whether statins could
reduce calcific AS progression in adult patients (table 2).
The TASS, the SALTIRE, the large SEAS and the ASTRONOMER trials included patients with mild to severe calcific
AS22-25. Their results did not confirm a positive effect of

statins in slowing the progression of AS in these patients
(table 2). The SALTIRE investigators concluded that intensive lipid-lowering therapy (80 mg of atorvastatin) neither
halts the progression of calcific AS nor induces its regression, emphasizing that timing of therapy may be the reason
for this negative trial. They suggested that earlier initiation
of statin therapy may be the key to success in the future.
The only prospective but non-randomized study to demonstrate a positive effect of statins on reducing AS progression was the RAAVE trial26. The aim was to assess the effect
of statin therapy on the haemodynamic progression of
calcific moderate to severe AS and on the inflammatory
biomarkers that have been described clinically to affect
the aortic valve endothelium. These patients received LDL
cholesterol treatment with rosuvastatin according to the
NCEP-ATPIII guidelines. During a mean follow-up of
73 ± 24 weeks, the change in aortic valve area in the control
group was –0.10 ± 0.09 cm2/year vs. –0.05 ± 0.12 cm2/year
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in the rosuvastatin group. Prospective therapy with rosuvastatin by targeting serum LDL did slow the progression
of echocardiographic parameters of AS and improved the
inflammatory biomarkers and vascular end points. This
was the first prospective study to show clinical evidence
for targeted therapy in asymptomatic moderate to severe
AS. In a subgroup analysis, the ASTRONOMER trial identified aortic valve calcification as an independent factor
associated with increased AS progression, after correcting
for age, baseline AS severity and tricuspid aortic valve
morphology25. The results showed that in patients with
bicuspid aortic valves disease progression is more severe
and more aggressive than in tricuspid valves, suggesting
careful attention to clinical decisions in patients with bicuspid valve disease. Recently, the hypothesis of statin therapy
slowing AS progression was evaluated in congenital AS in
the PROCAS trial27. This study included 63 patients (age
range 18-45 years). Treatment with rosuvastatin (10 mg
daily) did not slow AS progression in this study27.
Experimental studies

Epidemiological data have also associated accelerated
AS progression with low HDL-cholesterol levels and
high total cholesterol:HDL-cholesterol ratio, thereby
suggesting impaired reverse cholesterol transport as a
potential therapeutic target in the treatment of AS. The
benefits of HDL/ApoA-I-based interventions in atherosclerotic disease have been well established by several
clinical and preclinical studies. Recently, short-term
rApoA-IM infusions lead to a rapid reversal of experimental AS and reduce valve inflammation and calcification28.

STATINS AND AORTIC BIOPROSTHETIC
VALVES
Bioprosthetic valve replacement has improved the
outcomes of patients with VHD29. A wide variety of
prostheses, including mechanical, biological and
human tissue, are currently available for clinical use.
Mechanical valves have a substantial risk of thromboembolism and thrombotic obstruction and they, therefore, require chronic anticoagulation therapy, which
is associated with an increased risk of haemorrhagic
complications. Biological prostheses today offer a reliable and effective solution for valve replacement,
without the need for anticoagulation, and better haemodynamics as compared to the mechanical substitutes. Bioprostethic valve degeneration, however, remains
a critical issue and represents the most frequent cause
of reoperation. Therefore bioprostheses are preferable
in elderly patients and mechanical ones in young

patients. Current data show that pericardial valves
are probably superior to porcine valves for aortic valve
replacement30.
Pathogenesis of bioprosthetic heart valve
dysfunction

The pathogenesis of calcification of bioprosthetic
heart valves is less well understood than that of the
native aortic valve. There is strong evidence suggesting
that the calcification and remodelling of the native
aortic valve is an atherosclerotic-like process9. Similarly,
it has been suggested that elevated lipid levels may
influence bioprosthetic valve degeneration31. Rajamannan et al. published a recent study proving that bioprosthetic valve deterioration is an active atherosclerosis-like process32. Lorusso et al. found that atorvastatin
significantly attenuated the post-implant structural
degeneration of artificial valve bovine pericardial tissue
in a subcutaneous animal model33. The difference in
lifespan of bioprosthetic valves compared with their
native counterparts might be explained by the different
underlying pathophysiological process. As bioprostheses are ”foreign bodies”, the degree of inflammation
present in a biological prosthesis may be higher than in
native valves. Also, bioprosthetic valves are usually associated with higher transvalvular gradients and haemodynamic stress as compared to native valves. More
intense inflammation and higher shear stress of the
biological valve may lead to a faster progression of
degenerative lesions, prosthesis dysfunction and, ultimately, need for replacement.
Statin therapy for preventing aortic
bioprosthesis degeneration?
Echocardiographic studies

Whether the modification of atherosclerotic risk factors, such as the use of statins, alters the natural history
of bioprosthesis degeneration is unknown. Previous
studies have suggested that elevated lipid levels may be
associated with faster progression of bioprosthesis degeneration34,35. Nollert et al. assessed the influence of cardiovascular risk factors on the degeneration of the aortic Hancock pericardial bioprosthesis34. This valve has
since been removed from the market due to its early
structural failure. Within a younger subgroup of their
161 patient cohort, history of smoking, diabetes mellitus
and hyperlipidaemia were associated with the need for
reoperation. Farivar and Cohn have also evaluated the
impact of hypercholesterolaemia on bioprosthetic valve
calcification and the need for reoperation29. Their study
did not corroborate all the findings by Nollert and
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colleagues but also suggested that cholesterol plays a role
in the degeneration of a first-generation porcine
bioprosthesis. In a subgroup of 66 patients, they performed a case-control analysis of the tissue valves explanted and compared them with an age- and positionmatched group of 66 patients with similar duration of
implantation. The mean serum cholesterol level in the
explanted valve group was higher than that of the group
whose valves did not require explantation (189 vs
163 mg/dl, P < 0.0001) 29. David and Ivanov35 analysed
the large databases from Stanford University and Toronto
General Hospital. They did not confirm a role of hyperlipidaemia in predicting freedom of reoperation after
aortic valve replacement with bioprosthetic valves.
However, it is possible that the degeneration of bioprostheses in patients with atherosclerotic risk factors
was reduced because most of them were actually taking
statins. Another retrospective study examined the effect
of statin treatment on bioprosthetic aortic valve degeneration36. The results showed that patients receiving
statins had less progression of bioprosthetic valve degeneration than those without statin treatment. This included a slower increase in trans-prosthetic mean gradient
(0.54 ± 1.03 vs. 2.47 ± 4.31 mm Hg/year, P < 0.001), a
slower decline in indexed effective orifice area
(0.019 ± 0.031 vs. 0.056 ± 0.086 cm2/m2/year, P < 0.001),
and less worsening of aortic regurgitation (9.1% vs.
33.1%, P = 0.022) in patients treated with statins vs. those
not treated. A combined parameter of prosthetic degeneration progression (either an annual rate of increase
in peak velocity of 0.3 m/s/year or worsening of aortic
regurgitation) was found more frequently in the group
without statins. Briand et al. showed in their study
that patients with aortic bioprostheses who had the
metabolic syndrome developed a faster progression of
trans-prosthetic gradient and more prosthetic valve
regurgitation as compared with patients who did not
have the metabolic syndrome31. In contrast to the studies
listed above, Gring et al. have reported no association
between hyperlipidaemia and either bioprosthesis degeneration or the need for reoperation37. Another recent
retrospective observational study in 1,193 patients
who underwent aortic valve replacement with current
generation bioprostheses (mean follow-up period of
4.5 ± 3.1 years) did not demonstrate a slowing of bioprosthesis deterioration after receiving statin therapy38.
The annualized linear rate of peak gradient progression
following valve replacement was similar between the
groups (1.0 ± 12.9 vs. 2.0 ± 12.1 mmHg/year, statin vs.
no statin, P = 0.52). There were also no differences with
respect to aortic regurgitation progression. The authors
concluded that the structural durability of current bioprostheses could be the best explanation for their findings.

STATINS AND RHEUMATIC VALVE
DISEASE
Epidemiology and pathology

Although infrequent in the industrialized world,
rheumatic heart disease (RHD) remains a major health
problem worldwide and will continue to be encountered
in most cardiology practices. Acute rheumatic fever
(ARF) is characterized by an abnormal immune response
to infection with rheumatogenic group A streptococci.
Associations with certain human leukocyte antigen
types, abnormal T-cell activation and infiltration, and
the presence of B-cells with a distinctive alloantigen
(d8/17) have been identified in ARF patients, along with
genetic variations in tumour necrosis factor alpha39.
ARF leads to an acute valvulitis with inflammation and
oedema of the leaflets. Fibrin-platelet thrombi occur
along the leaflet contact zones, and the fibrosis of the
affected valves leads to deformity, stenosis and/or insufficiency. The progression to manifest RHD, particularly
the calcification that accompanies RHD, was, until
recently, thought to be a passive process. Recent studies,
however, have shown that progression of RHD is the
result of an organized inflammatory process associated
with the expression of osteoblast markers and neoangiogenesis40.
Statin therapy for rheumatic valve disease?
Echocardiographic studies

If indeed RHD is an inflammatory disease, then
statins may have a role in preventing progression of the
disease. There are few data about the role of statins in
patients with rheumatic valvular disease. A retrospective
echocardiography-based study including 164 patients
with rheumatic AS of which 134 received statins, evaluated the effect of statins on the long-term haemodynamic progression of AS41. Specifically, the annual
change in peak aortic velocity was lower in those treated
with statins than those not treated (0.05 ± 0.07 m/s/year
vs. 0.12±0.11 m/s/year, P = 0.001). Moreover, rapid progression (annual rate of ≥ 0.10 m/s) was found in almost
one-half of the patients not receiving statins but only in
10% of the statin-treated patients. Mean follow-up was
8.5 years, thereby providing relatively long-term data
with promising results about the role of statins in reducing the progression of rheumatic AS. Another study
assessed the effects of statin treatment in slowing the
progression of rheumatic mitral valve disease42. In rheumatic mitral stenosis statins reduced the rate of decrease in
the mitral valve area (0.027 ± 0.056 vs. 0.067 ± 0.082 cm2/
year, P = 0.005) and the prevalence of fast mitral stenosis
progression. Fewer patients had an increase in systolic
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pulmonary artery pressure higher than 10 mmHg over
the mean follow-up period of 6.1 ± 4.0 years. These
results confirm the potential role of statin treatment in
slowing the progression of rheumatic valve disease.

DISCUSSION
Aortic valve sclerosis, aortic valve stenosis and
atherosclerosis: the same disease?

Why did most retrospective studies find statins to be
effective in reducing AS progression while prospective
trials have consistently demonstrated the contrary? First,
in the retrospective studies, statins were used in the setting of hypercholesterolaemia, whereas in the prospective randomized trials patients with hypercholesterolaemia were generally excluded. This can also explain the
positive findings of the prospective but non-randomized
RAAVE trial, in which only AS patients with hypercholesterolaemia were treated with rosuvastatin26. In fact,
the population of the majority of prospective studies
does not reflect the “real world” in which “pure” calcific
AS without any “atherosclerotic” co-morbidity is very
rare and possibly based on other pathogenetic mechanisms. It may be argued that lipid-lowering treatment is
unlikely to influence disease progression in the presence
of calcific AS. The more advanced stage of AS at the time
of enrolment in the SALTIRE23 population could be
another explanation for its negative result. Patients with
peak aortic velocities below 2.5 m/s were excluded from
all the prospective studies. Thus, the results of these
studies cannot clarify the role of statin treatment in the
early stages of aortic valve disease (i.e. aortic sclerosis).
Intervening at this earlier stage of the disease process
may be more beneficial. This hypothesis has been suggested by the results of a large retrospective study, showing that the effect of statins seems stage-related21. Thus,
statins had a positive effect only in patients with aortic
sclerosis and mild AS statins had a positive effect21.
Aortic valve stenosis and sclerosis are morphologically
different: in aortic valve sclerosis there is a deposition
of lipids, which are oxidized similarly to atherosclerosis,
whereas in advanced AS, there is mainly calcium overgrowth, which may have its own determinants, independent of cholesterol levels. This could explain the
differences in statin treatment effect between patients
with advanced AS and those with aortic valve sclerosis.
This hypothesis is also supported by the observation
that statins significantly slow the growth of non-calcified
coronary plaques, but do not affect the growth rate of
mixed or calcified ones43. Statins may influence the natural history of the disease primarily in patients with
hyperlipidaemia, after prolonged use, initiated in an
early phase of valvular leaflet thickening (i.e. aortic

sclerosis). Further prospective studies on the role of
statins in patients with aortic sclerosis or mild AS without significant calcifications are needed to evaluate
whether the indication of statin treatment should be
extended to this group of patients. However, patients
with aortic valve sclerosis do not commonly present for
routine cardiology testings, thus their identification
would require population screening.
A medical therapy for aortic valve sclerosis?

We believe the jury is still out on the debate about
the role of statin treatment in VHD. The answer is still
uncertain, considering also recently published studies
providing new information with future implications for
the treatment of this disease process. Re-evaluation of
the underlying pathophysiology is therefore required so
that novel therapeutic strategies can be developed. It has
been shown that Lrp5, the LDL co-receptor, regulates
calcification in the aortic valve and the aorta44. Experimental studies have evolved into a series of clinical
parameters, which provide the foundation for an algorithm to treat aortic valve disease: the LDL-densityradius and the LDL-density-pressure theories44. The
LDL-density theories provides information on the role
of Lrp 5/6 receptor biology in the treatment of calcific
aortic valve disease. The LDL-density-radius theory
assumes that the initiating event in AS is atherosclerosis,
giving the possibility for medical therapy for AS. This
takes into account two fundamental differences in vascular versus valvular biology: the first is calculating the
magnitude of LDL lowering, and the second is the difference in radius between the aortic valve and that of the
vessel. The LDL-density-pressure theory accounts for
the haemodynamic pressure differential, which regulates the Lrp 5/6 receptors. In experimental hypercholesterolaemia the left-sided heart valves (aortic and mitral),
developed the atherosclerotic lesion and not the rightsided heart valves (pulmonic and tricuspid)44. The other
non-lipid-lowering effect of statins in the vasculature is
the improvement in endothelial function via modulation
of endothelial nitric oxide synthase. Rajamannan et al.
have shown modulation of endothelial nitric oxide synthase enzymatic activity in the aortic valve of the experimental model of valve atherosclerosis12.
A very recent study emphasized the genetic contribution to aortic valve calcification. The authors found
that genetic variations in the LPA locus, mediated by
Lp(a) levels, is associated with calcific AS16. This recent
theory has a great impact on the development of the
medical treatment of AS. Lp(a) is a cholesterol rich
particle consisting of a covalently linked molecule of
apolipoprotein B100 with a molecule of apolipoprotein
(a). Lp(a) has long been considered a risk factor for
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coronary artery disease. An association between increased Lp(a) levels and aortic valve disease has been evaluated in previous studies11. Lp(a) has been shown to
accumulate in both aortic sclerosis and severe AS. Given
this evidence of a relationship between Lp(a) and calcific AS, further studies are needed to evaluate whether
lowering Lp(a) levels in early stage AS (i.e. with niacin),
will reduce the incidence or progression of aortic valve
disease.
Statins and aortic bioprostheses

Biological prostheses are a model of accelerated
degeneration of valve tissue commonly available in
clinical practice. The proportion of aortic bioprostheses
will increase in the future as the population grows older
and the incidence of AS is increasing. Finding a way to
slow the progression of degenerative changes in bioprosthetic valves would have a great clinical and social
impact. Aortic valve prostheses most often behave
haemodynamically like a mildly stenotic native valve.
This similarity could explain a similar benefit of statin
treatment in the prevention of aortic bioprosthesis

degeneration, but there is no definitive proof yet. There
are no prospective randomized trials to date addressing
the role of statin therapy in these patients (table 3).
The potential impact can be very important considering
not only the ever increasing number of older patients
needing valve replacement surgery, but also in light of
the newer percutaneous procedures. The transcatheter
aortic valve implants emerged as a solution for severe
AS patients ineligible for open-heart surgery2. The initial
results are promising, but data on the long-term durability of such valves is still missing, and this is also one of
the aspects preventing the expansion of current indications for this procedure to other patients with AS. In the
future, the indications for transcatheter aortic valve
implants could be expanded and the possibility of having a medical therapy that prevents bioprosthesis degeneration could be of major interest.
Statins and rheumatic valve disease

Concerning RHD, the retrospective studies addressing the role of statins in rheumatic mitral and aortic
stenosis included mild to moderate mitral and mild aortic

Table 3 Published studies evaluating the association between cholesterol levels and statin therapy in bioprosthetic valve degeneration

Author

Year

Study type

Results

Comments

David and Ivanov
(35)

2003

Retrospective
cohort study

The only signiﬁcant
independent predictor of reoperation was age;
hyperlipidaemia was not signiﬁcant.

Most of the patients were taking statins, determining a
reduced probability of valve failure in patients with
cardiovascular risk factors.

Farivar and Cohn (29)

2003

Retrospective
cohort study with
case-control analysis

The mean serum cholesterol level of the explanted
valve group was signiﬁcantly higher than that
of the group whose valves did not require explantation

Increased serum cholesterol level may be a risk factor
for bioprosthetic valve calciﬁcation requiring
explantation. However, the study was criticized
because ﬁrst generation bioprostheses are more
susceptible for degeneration.

Nollert et al (34)

2003

Retrospective
cohort study

In patients aged 57 years or younger, diabetes mellitus,
female sex, cigarette smoking, and high cholesterol
and triglyceride levels were associated with accelerated
valve failure.

The studied patients received Hancock pericardial
valves that have been removed from the market.

Antonini-Canterin et al
(36)

2003

Retrospective
cohort study

Statin use was associated with slowing progression and
a lower proportion of prosthesis degeneration.

The main limitation of the study is the retrospective
study type.

Gring et al (37)

2006

Prospective
non randomized

Preoperative cholesterol levels did not predict
structural valve degeneration in patients undergoing
bioprosthetic aortic valve replacement.

In multivariate analysis, only younger age, increased
body weight, creatinine level and pericardial valve
predicted bioprosthesis degeneration.

Shetty et al (45)

2009

Retrospective
observational study

Immunohistochemistry showed the presence of
oxidized low-density lipoprotein and
glycosaminoglycans in the ﬁbrosa layer of 13 of the 18
bioprosthetic valves explanted. Their results support
the concept that lipid-mediated inﬂammatory
mechanisms may contribute to the degeneration of
bioprostheses.

Limitations of the study: the duration of statin
treatment was not collected, so it could not assess
whether lipid-lowering therapy may have provided
protection against lipid accumulation in bioprostheses;
a substantial proportion of patients (28%) had no
accumulation of lipids within their bioprostheses,
suggesting that other mechanisms also contribute to
their degeneration.

Kulik et al (38)

2010

Retrospective
observational study

The results showed no association between early
postoperative statin therapy and slowing of
bioprosthesis degeneration.

The main strengths of the study are: the largest number
of patients included and the use of contemporary
prostheses.
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stenosis, respectively. However, limitations result from
the retrospective nature of these studies. Three main
processes appear to play roles in the progression of mitral
stenosis: recurrent episodes of carditis, cardiovascular risk
factors and cellular signalling pathways to differentiate
the valve into the osteoblast phenotype39. The future management of the RHD process will incorporate the understanding of these different mechanisms. If the physician
can define the traditional risk factors in patients with
rheumatic valve disease, targeting those risk factors may
slow progression of the lesion.

CONCLUSIONS

clinical implications. Large, prospective randomized
trials are needed to properly evaluate the role of statins
in the early stages of valvular heart disease. In order to
well-design these prospective studies, it is necessary to:
– clearly define the selection criteria and using appropriate methods of recruitment, so that patients with
aortic sclerosis and mild aortic stenosis can be identified and included in the study;
– identify subjects with and without dyslipidaemia;
– identify subjects with and without active inflammatory markers.
A preventive therapy, which could influence not only
the haemodynamic progression of valve disease, but also
the cardiovascular outcome, is warranted.

Finding a medical treatment capable of preventing
VHD progression is still a hot topic, due to the important
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