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Do statins improve outcomes and delay the
progression of non-rheumatic calcific aortic stenosis?
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ABSTRACT

Context It is not known whether statin treatment
improves clinical outcomes and reduces aortic stenosis
progression in non-rheumatic calcific aortic stenosis.
Objective A meta-analysis of studies was performed
comparing statin therapy with placebo or no treatment
on outcomes and on aortic stenosis progression
echocardiographic parameters.

Data sources The authors searched Medline and
Pubmed up to January 2010.

Data extraction Two independent reviewers
independently abstracted information on study design
(prospective vs retrospective or randomised vs non-
randomised), study and participant characteristics. Fixed
and random effects models were used. A-priori
subanalyses assessed the effect of statins on low-quality
(retrospective or non-randomised) and on high-quality
(prospective or randomised) studies separately.
Results Meta-analysis identified 10 studies with a total
of 3822 participants (2214 non-statin-treated and 1608
statin-treated); five studies were classified as
prospective and five as retrospective; concerning
randomisation, three trials were randomised whereas
seven were not. No significant differences were found in
all-cause mortality, cardiovascular mortality or in the
need for aortic valve surgery. Lower-quality
(retrospective or non-randomised) studies showed that,
in statin-treated patients, the annual increase in peak
aortic jet velocity and the annual decrease in aortic valve
area were lower, but this was not confirmed by the
analysis in high-quality (prospective or randomised)
studies. Statins did not significantly affect the
progression over time of peak and mean aortic gradient.
Conclusions Currently available data do not support the
use of statins to improve outcomes and to reduce
disease progression in non-rheumatic calcific aortic valve
stenosis.

Non-rheumatic calcific aortic stenosis is the
commonest valve disease in adults and the third
most common cardiovascular diagnosis (after
hypertension and the need for coronary bypass
surgery).! Surgery remains the only treatment
option in advanced stages." As several studies have
indicated that aortic stenosis progression is due to
an active process sharing several features with
atherosclerosis, several trials have assessed the role
of statins in delaying such progression, but with
conflicting results.? ® Since 2001, several studies,
mainly observational, suggested that statin therapy
delays the progression of calcific non-rheumatic
aortic stenosis, assessed by echocardiography or CT.
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These findings were not confirmed by three recent
prospective randomised trials.*” For this reason,
the role of statins in these patients is an open
question. We have undertaken a meta-analysis of
studies of the effect of statins on the incidence
of hard endpoints and on retarding stenosis
progression.

METHODS

The meta-analysis used PRISMA,” and MOOSE
guidelines.® We performed a computerised literature
search of Medline and PubMed up to January 2010,
supplemented with manual bibliography reviews.
The following free text search string (formatted
for PubMed) was used: [(statins OR Hydrox-
ymethylglutaryl coenzyme-a reductase inhibitors)
AND aortic]. We used tangential electronic explo-
ration of related articles and manual searches of
bibliographies, related journals and reference lists of
reviews. All peer-reviewed studies published
reporting the effect of statin therapy on outcomes
and on valve stenosis progression in patients with
calcific non-rheumatic aortic stenosis were identi-
fied. The ability of the search strategy to identify
four relevant studies was tested and found fit for
purpose. All titles and abstracts of the identified
articles were examined by two investigators (AP,
DP) for potential eligibility for subsequent analysis.

The first step of the analysis was to collect all the
trials conforming to the following criteria: (1)
Studies comparing the mid or long-term effects
(=1 year) of statin therapy versus placebo or no
statins in patients affected by calcific non-rheu-
matic aortic stenosis; (2) Data concerning mid or
long-term hard outcomes or about the progression
of aortic stenosis had to be reported in the study.

The following hard endpoints were collected:
death from any cause at follow-up (n/y); death from
cardiovascular causes at follow-up (n/y); the need to
undergo aortic valve surgery at follow-up (n/y).

Concerning aortic valve stenosis progression, the
following variables were searched: peak aortic jet
velocity progression (m/s per year); aortic valve
area decrease (cmz/year) ; peak aortic gradient
progression (mm Hg/year); mean aortic gradient
progression (mm Hg/year).

The outcome definitions used by the original
researchers were accepted. Bibliographies of
included articles were also searched.

Several strategies were employed to avoid dupli-
cation of data. If the same institution had produced
several studies, only those reporting recruitment
times were considered. If there was sample overlap
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between studies, only the largest study was included. Data were
abstracted and analysed by two authors (AP, MT), and
disagreements were resolved by consensus.

Analyses
Data were analysed by means of RevMan 5 (RevMan 5.0.22;
Cochrane Collaboration, Oxford, UK) and Comprehensive
Meta-analysis version 2 (Biostat, Englewood, New Jersey, USA).
Effects on dichotomous outcomes were expressed as OR with
95% CI. Effects on continuous variables were expressed as mean
difference with 95% CI.

Heterogeneity was assessed using the 7 test; in addition, the
I? was calculated to quantify the degree of heterogeneity across
trials that could not be attributable to chance alone. 1%, the
proportion of variability not attributable to chance alone,
provides an improved measure of heterogeneity between trials
and is not limited by power.” When there was no significant
heterogeneity, treatment effects were pooled with the fixed-
effects model, but if there was significant (p=0.1) heterogeneity
in the main analysis or in a subanalysis, the random-effects
model was used; when a random-effects analysis was performed,
among-study variance was also assessed with the t* statistic.

Subanalyses, defined a priori, were the analyses of prospective
and retrospective studies, and of randomised and non-rando-
mised studies performed separately. In addition, the effect of
statin treatment on aortic stenosis progression parameters was
assessed in studies that enrolled patients with average low-
density lipoprotein cholesterol levels of 130 mg/dl or less.

Finally, weighted fixed-effects meta-regression was used to
examine the possibility of effect modification on aortic stenosis
progression by the duration of statin treatment.

Sensitivity of the meta-analyses was assessed after removal of
studies in which the largest (or smallest) effect was found and of
the study with the largest number of patients. In addition, we
performed random-effects meta-analysis on the outcomes of
interest.

Publication bias was explored through visual inspection of
funnel plots, and by one-tailed Egger’s test. Other than for the Q
statistic, statistical significance was defined by p=0.05.

RESULTS

Selected studies

The selection criteria described under the Methods section were
applied to 812 studies identified by the literature searches; the
publications were examined, and 21 candidate trials were iden-
tified for further assessment (see supplementary data for bibli-
ography, available online only). Of these, six were discarded as
they were not focused on therapy with statins. On further
examination of the 15 remaining studies, five were excluded
either because they did not report any extractable data, because
of possible duplicate publication, or because they were focused
on rheumatic aortic stenosis. Of the 10 studies finally selected
for meta-analysis (table 1), five were prospective and five were
retrospective, whereas three were randomised and seven were
not randomised, respectively. One of the retrospective, non-
randomised studies'? reported separately the outcomes for

Table 1 Characteristics of included trials
Transaortic
LDL- Aortic jet Aortic pressure
Treatment No of  Age cholesterol velocity valve area gradient
Study Year Study design groups patients (years) (mg/dl) Diabetes (m/sec) (cm?) (mm Hg) Follow-up
Chan 2010 Prospective  Placebo 135 58+14 122+29 NA 3.19+0.42 1.56=+0.70 Mean 23+8 Median 3.5
(ASTRONOMER)° randomised  Rosuvastatin 134 58+13 124+25 NA 3.16+0.42 1.49+071  Mean 23+8 (2.1—4.5) years
40 mg/day
Cowell 2005 Prospective  Placebo 78 6810 133+30 4 (5%) 3.45+0.67 1.02+0.41 Peak 50+20 Median 25
(SALTIRE)* randomised  Atorvastatin 77 6810 137+34 3(4%)  3.39+0.62 1.03+040  Peak 48+17 (7—36) months
80 mg/day
Mohler '° 2007 Prospective No statins 22 64+10 110%33 3(14%) NA 1.22+0.25 NA 12 months
observational  gtatins 31 7010 7(18%) NA 1.13x027 NA
Moura 2007 Prospective  No treatment 60 74+9 11721 13 (22%) 3.62*+0.61 1.20+0.35 Mean 3613 Mean 7324
(RAAVE)"! open label  Rosuvastatin 61 73+9  158+32 26 (43%) 3.65-0.64 123+043  Mean 3513  weeks
20 mg/day
Rossebo 2008 Prospective  Placebo 929 67+10 139+35 NA 3.10+0.54 1.27+0.46 Mean 23.0+8.7 Median 52.2
(SEAS)® randomised  Simvastatin 944 689 140+36 NA 3.09+055 1.29+048  Mean 22.7+88  months
(40—80 mg/day)
plus ezetimibe
Antonini- 2008 Retrospective No statins mild 360 718 NA 82 (23%) 2.3+0.2 NA Mean 13.1+3.2 Mean 5.6+3.2
Canterin'? aortic stenosis years
Statins mild 141 71+7 NA 50 (36%) 2.3+0.2 NA Mean 12.7+3.1
aortic stenosis
No statins 214 72+8 NA 42 (20%) 3.3*0.2 NA Mean 26.1+5.1
moderate aortic
stenosis
Statins moderate 62 70+8 NA 14 (23%) 3.3%+0.2 NA Mean 26.0+5.0
aortic stenosis
Bellamy13 2002 Retrospective No statins 118 78+12 137*43 28 (24%) 3.0+0.8 1.20%0.35 Mean 22+12 Mean 3.7+2.3
Statins 38 73+£11 16449 9 (24%) 2.8+0.5 1.32+0.29 Mean 18=+7 years
Kuwabara' 2006 Retrospective No statins 20 755 NA 3(15%) 3.1+1.0 NA Mean 42+29 31+23 months
Statins 13 745 NA 6 (46%) NA 3020 months
Novaro'® 2001 Retrospective No statins 17 6713 131 (112—143) 23 (20%) NA 1.2 (1.0—1.4) Mean 15 (12—22) Mean 21 months
Statins 57 719 128 (94—146) 20 (35%) NA 1.2 (1.0—-1.4) Mean 15 (12—22)
Rosenhek'® 2004 Retrospective No statins 161 6911 141+39 32 (20%) 3.92+0.86 0.84-+0.23 Mean 42+20 Median 24+18
Statins 50 72+8 145+38 11 (22%) 4.08+0.86 0.82+0.23 Mean 42+18 months

LDL, low-density lipoprotein.
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I 812 Citations identified and filtered by title 1

| 791 Excluded

-

21

Citations filtered by
abstract

6 were not focused on

statins as drug therapy

15 Citations filtered by

full-text article

5 Excluded

3 no extractable data reported

1 focused on rheumatic aortic valve
disease

1 duplicate publication

] 10 Eligible studies

‘ 5 Prospective studies ’_7

A—‘ 5 Retrospective studies ‘

‘ 3 Randomized stud|es

Figure 1

Figure 2 Meta-analysis of

7 Non-randomized

Flow chart of the meta-analysis.

studies (denoted by

first author and publication year) assessing the
effect of statin treatment on death from any
cause at follow-up (A, OR and 95% Cl), death

from cardiovascular causes

at follow-up (B, OR

and 95% Cl), and need to undergo aortic valve

surgery at follow-up (C, OR

and 95% ClI).

Squares indicating individual trial differences are
scaled according to weighting in the meta-
analysis. The width of the diamond for pooled

data denotes the lower and

upper 95% CI. Note

that the x-axis is logarithmic.
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patients affected by mild aortic stenosis and moderate aortic
stenosis, and for that reason data concerning these subcategories
of patients were inserted separately into the meta-analysis.

In the end, a total of 3822 participants (2214 non-statin-
treated and 1608 statin-treated) in 10 studies provided data for
this meta-analysis (see figure 1).

Meta-analysis

Figures 2—4 report the forrest plots of the meta-analyses on the
endpoints of interest analysed based on prospective and retro-
spective study design, whereas supplementary data report the
forrest plots of the studies categorised based on randomised and
non-randomised study design (see supplementary figure 1,
panels A—G, available online only).

As to outcomes, there were no differences between statin-
treated and untreated patients. All-cause mortality (OR 0.98;
95% CI 0.74 to 1.30; figure 2A), cardiovascular mortality (OR
0.79; 95% CI 0.54 to 1.15; figure 2B), and the need for aortic
valve surgery (OR 0.92; 95% CI 0.76 to 1.10; figure 2C) were not
statistically significantly reduced. Notably, data concerning
hard outcomes were available only in prospective but not in
retrospective trials.

Concerning the progression of aortic valve stenosis over time
(tables 2 and 3), the analysis of the variables (jet velocity
progression, mean annual decrease in aortic valve area, peak and
mean aortic gradient progression) that were considered gave
consistent results, showing that a possible protective effect of
statins is supported only by low-quality studies (retrospective or
non-randomised), but not by high-quality studies (prospective
and randomised).

In fact, although the overall effect of statin treatment on the

studies mean annual difference of jet velocity progression (—0.08 m/s
per year, 95% CI —0.13 to —0.03, p=0.0007; figure 3A) and the
mean annual difference in aortic valve area (—0.02 cm?/year,

Statins No statins
Study or Subgroup __Events Total Events Total Weight M.H, Fixeu:lJ 95% Cl M.H, leed 95% CI
RAAVE 2007 1 61 4 80 40% 023(0.03t02.15)
SALTIRE 2005 37 5 78 49% 059(0.1410257)
SEAS 2008 105 944 100 929 91.1% 1.04(0.78101.39)
Total (95% CI) 1082 1067 100.0% 0.98(0.74t01.30)
Total events 109 109

Heterogeneity: x° = 2.20, df= 2 (P=0.33); F= 9%
Test for overall effect Z=0.12 (P=0.91)

Study or Subgroup

0102 5 T
Favours sla!lns Favours no statins

Statins No statins
Events Total Events Total Weight MH,Fixed 95% Cl

M-H, ﬁxed,&'i%tl

ASTRONOMER 2010

SALTIRE 2005
SEAS 2008

Total (95% CI)
Total svents

2 134 5 135

8.0% 0.39(0.08 to 2.07)
377 3 78 47% 1.01(0.20 to 5.18)
47 944 56 929 87.3% 0.82(0.55101.22)
1155 1142 100.0% 0.79(0.54 to1.15)

52 64

Heterogeneity: % = 0.78, df= 2 (P=0.67); F=
Testfor overall effect Z=1.21 (P=0.22)

b1z o5 1 3 4 10
Favours stahns Favours no stafins

Statins Mo statins OR OR
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fized, 95% CI C
ASTROMNOMER 2010 28 134 27 135 B88% 1.06(0.58t01.91) e
RAAVE 2007 5 Bl 3 B0 1.2% 1.70(0.39to7.44) ==
SALTIRE 2005 1M 17 19 78 67% 052(0.23t01.18) B
SEAS 2008 67 944 278 929 833% 0.92(0.76t01.13)
Total (95% CI) 1216 1202 100.0% 0.92(0.76t01.10)
Total evenls m 327

Heterogeneily z° = 2.75, df= 3 (P= 0.43); F= 0% — ; :

Test for overall effect Z=0.93 (P= 0.35)

0102 05 2 5 10
Favours statins Favours no statins
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Figure 3 Meta-analysis of studies Statins No statins Mean Difference Mean Difference A
(denoted by first author and publication Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
. . 1.4.1 Prospective stuilies
year) assessing the effect of statin RAAVE 2007 004 038 6 024 03 60 B84% —0.20(~032t0—0.08)
treatment on peak aortic jet velocity SALTIRE 2005 0199 021 65 0203 0208 69 131% —0.00(-0.07 to0.07)
progression (A, mean difference and SEAS 2008 015 0293 859 016 0288 834 17.4% —0.01(~0.04to 0.02)
985

95% Cl) and aortic valve area decrease ~ Subtotal (5% Cl)

(B, mean difference and 95% Cl).
Squares indicating individual trial

differences are scaled according to 1.4.2 Retrospective studies
weighting in the meta-analysis. The Antoninl mild AS 0.09 015
width of the diamond for pooled data ‘;:Tfa"g%%?m'sm Uﬂ,é; 001'32
denotes the lower and upper 95% ClI. Kubawara 2006 001 021
Rosenhek 2004 01 041

Subtotal {95% CI)

Heterogeneily: -2 = 0.00; X° = 21.73, df= 4 (P = 0.0002); F= 82%
Test for overall effect. Z= 3,16 (P= 0.002)

Total (95% CI)

Heterogeneity: <2 = 0.00; %* = 9.03, df= 2 (P = 0.01); F= 78%
Test for overall efieck Z=1.21 (P=10.22)

1289 1836 100.0% -0.08(-0.13to—0.03) L
Heterogenelty: <2 = 0.00; %* = 38.85, df= 7 (P < 0.00001); F= 82% !
Test for overall effect Z=3.38 (P=0.0007)

963 38.0% —0.05(~0.13 to0.03)

141 015 0415 360 17.3% —0.06(-0.09to—0.03) -
B2 022 015 214 154% -0.01(-0.06t00.04) -
38 0243 0216 118 14.5% -0.11(-0.17to-0.05) _—

13 022 024 20 6.2% —021(-0.37t0o-0.05)
50 033 042 161 7.7% -029(-042to-0.16) ——
873 611% -0.11(-0.17to-0.04) L

N : |
-05 -0.25 025 05
Favours slatins Favours no statins

Statins No statins Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Fixed, 95% Cl I, Fixed, 95% CI B
1.5.1 Prospective studies
ASTRONOMER 2010 007 015 134 008 021 135 12.8% —0.01(-0.05t00.03) e
Mohler 2007 007 017 39 006 034 22 11% 001 (-0141t00.16)
RAAVE 2007 005 012 61 01 0.09 B0 17.1% -—0.05(-0.09t0-0.01) ——
SALTIRE 2005 0.079 0107 65 0.083 0107 69 18.5% —0.00(-0.04 to0.03) ——
SEAS 2008 003 028 859 003 028 834 342% 000(-0.03t00.03) ——
Subtotal {95% Cl) 1158 1120 83.7% -0.01 f_n.uatou.ua} &
Heterogeneity: 1= 494, df=4 (P=0.29), F=19%
Testfor overall effeck Z=1.44 (P=0.15)
1.5.2 Retrospective studies
Bellamy 2002 0.04 015 38 009 047 118 7.6% -0.05(-0.11to0.01) T
MNovaro 2001 006 016 57 011 018 117 8.7% -0.05(-0.10to0.00) |
Subtotal {95% CI) 95 235 16.3% -0.05(-0.09to-0.01) gl
Heterogenelty; %= 0.00, df=1 (P=1.00); = 0%
Test for overall effect Z= 2.54 (P =0.01)
Total (95% Cl) N 1253 1355 100.0% -0.02(-0.03to-0.00) ’
Heterogenelly. X" = 7.97, df=6 (P= 0.24); F= 25% 102 o1 o1 02

Test for overall efflect: Z= 2.34 (P=0.02)
Test for subaroup differences: % = 3.03, df=1 (P = 0.08), F= 67.0%

95% CI —0.03 to 0.00, p=0.02; figure 3B) was statistically
significant, the subanalyses based on the quality of studies
showed that the effect was driven only by lower-quality studies,
whereas in higher-quality studies there was no effect. The
progression of peak aortic gradient (—1.76 mm Hg/year, 95% CI
—3.73 to 0.21, p=0.08; figure 4A) and mean aortic gradient
(—0.99 mm Hg/year, 95% CI —2.04, 0.07, p=0.07; figure 4B)
was slightly lower in statin-treated patients, but this did not
reach statistical significance; also in this case the discrepancy in
statin effect between high and low-quality studies was evident,
only lower-quality studies being in favour of statin treatment.

Finally, there was heterogeneity in the analyses concerning
the progression of jet velocity, of peak and mean aortic gradient;
and the inspection of funnel plots in these cases showed
asymmetry suggesting publication bias (the funnel plots are
available from the author upon request) with a significant
Egger’s test (tables 2 and 3).

Concerning the analysis of statins’ effect on aortic stenosis
progression parameters in studies that enrolled patients with
average low-density lipoprotein cholesterol levels of 130 mg/dl
or less, only three out of 10 studies were available for final
analysis, and data were available for aortic valve area decrease
over time and for peak and mean aortic gradient progression, but
not for jet velocity progression. Statin treatment did not affect
these parameters (please see supplementary figure 2A—C, avail-
able online only), but the limits due to a small sample size
should be considered.
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Finally, meta-regression analyses did not support a role of
statin treatment duration in aortic stenosis progression (please
see supplementary figures 3 and 4 as an example, available online
only).

DISCUSSION

Non-rheumatic calcific aortic stenosis is the leading valve disease
in western countries and is closely related to ageing. Less inva-
sive techniques for valve replacement (ie, transcatheter aortic
valve implantation) have recently been introduced in clinical
practice,'” and these techniques will allow further growth in
aortic valve surgical procedures in a wider population of older
patients. This will, however, cause an increase in health expen-
diture for this disease that now is estimated to be approximately
US$1 billion per year in the USA.'® The possibility of reducing
the progression of this disease with drug therapy is thus
consequently of great interest for all health organisations.

The assumption that calcific aortic stenosis is only a passive,
age-related disease has been strongly questioned by numerous
studies showing that this disease has several biological pathways
in common with atherosclerosis,® which is why investigators
have assessed the effect of statins in this type of patient.

Statins reduce the occurrence of ischaemic cardiovascular
events not only in secondary prevention but also in high-risk
otherwise healthy patients who are candidates for primary
prevention.’” In addition, evidence from the JUPITER trial
suggests that statin treatment in patients with normal

Heart 2011;97:523—529. doi:10.1136/hrt.2010.215046

yBuAdoo Aq paroalold 1senb Aq +20z ‘2T [Udy uo jwod g eay:dny woly papeojumoqd “TT0Z Arenuer 9z uo 9y0STZ 0T0Z UU/9STT 0T Se paysiand 1siiy :eaH


http://heart.bmj.com/

Systematic review

Figure 4 Meta-analysis of studies
(denoted by first author and publication
year) assessing the effect of statin
treatment on peak aortic gradient
progression (A, mean difference and
95% Cl), and on mean aortic gradient
progression (B, mean difference and
95% Cl). Squares indicating individual
trial differences are scaled according to
weighting in the meta-analysis. The
width of the diamond for pooled data
denotes the lower and upper 95% CI.

cholesterol levels but elevated C-reactive protein reduces the
risk of cardiovascular disease mortality and morbidity by
showing that, besides their cholesterol-lowering
effects, statins possess pronounced anti-inflammatory and
anticoagulant effects.! ? Statins might therefore modulate the

almost half?°

Statins No statins

Mean Difference

Mean Difference

Study or Subgroup Mean  SD Total Mean SD Total Weight [V, Random,95% CI IV, Random, 85% CI A
1.6.1 Prospective studies

ASTRONOMER 2010 63 69 134 61 B2 135 285% 0.20(-1.61t02.01) -
RAAVE 2007 213 191 B1 757 962 60 9.8% -544(-1084t0-004) ]
SALTIRE 2005 648 743 B5 656 7.1 69 23.6% -008(-254t02.36) _—
Subtotal (95% CI) 260 264 61.9% -—0.67(-2.89t01.54) g
Heterogeneity: =2=1.78; %= 3.80, df=2 (P=0.15); F= 47%

Test for overall effect Z= 0,60 (P = 0.55)

1.6.2 Retrospective studies

Kubawara 2006 1.3 53 13 6 6.1 20 160% —4.70(-863t0o—0.77) —_—

Movaro 2001 3 86 57 54 68 117 23.0% -240(-4.95t00.15) ]

Subtotal (95% CIy . 70 137 38.1% -3.08(-5.22t0—0.94) g
Helerogeneity: ?=0.00; %" = 0,93, df=1 (P=0.34); F= 0%

Test for overall effect Z= 2.82 (P = 0.005)

Total (95% Cl) 330 401 100.0% -1.76(-3.73t00.21) —ifffe
Heterogeneity: t*= 2,69; }:2 =9.34,df=4 (P=10.05);, F=57% }

Testfor overall effect Z=1.75 (P = 0.08)

Testfor subaroup differences: % = 4,61, df=1 (P = 0.03), F= 78.3%

Statins No statins

-10

Mean Difference

Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI

-5

0
Favours statins Favours no statins

10

Mean Difference B
IV, Rantom, 95% CI

1.7.1 Prospective studies

ASTRONOMER 2010 38 44 134 39 49 135 243% -010(-1.21to1.01)
RARVE 2007 208 845 61 506 717 60 10.3% —2.98(-5.71to—0.25)
SEAS 2008 27 29 859 28 28 834 325% -010(-0.37to0.17)
Subtotal (95% CI) 1054 1029 67.4% -0.36(—1.25t00.53)
Heterogenelty: t*= 0.33; 1° = 4.22, df= 2 (P= 0.12); *= 53%

Testfor overall effect Z=0.79 (P = 0.43)

1.7.2 Refrospeciive studies

Bellamy 2002 29 34 38 55 64 118 194% -260(-4.18t0-1.02)
Movaro 2001 24 76 57 33 51 117 13.8% —0.90(-3.08to01.28)
Subtotal (95% CI) 95 235 329% -1.92(-3.55t0-0.29)
Heterogeneity: t>= 0.50;%” = 1,53, df=1 (P=0.22); F= 35%

Test for overall effect Z= 2.31 (P=0.02)

Total (95% CI) 1149 1264 100.0% —0.99(-2.04 to0.07)

Heterogenelty: 12= 0.86; %” = 13.76, df= 4 (P= 0.008); F= 71%
Test for overall effect Z=1.82 (P = 0.07)

Testfor subaroup differences: %° = 8.01, df=1 (P = 0.005), = 67.5%

Table 2 Clinical outcomes by prospective and retrospective studies

EE——

——

*

—_——

-

*

-10

%

0

Favours stalins  Favours no statins

progression of non-rheumatic calcific aortic stenosis in three
ways: by reducing cholesterol levels, a well-known risk factor
for aortic stenosis;® by attenuating the inflammatory burst
B : 3 : . 3 23
within valve tissue;” and by modulating systemic” and local
haemostatic changes involved in the course of the disease.

Events p For overall Heterogeneity Egger's test
Hard outcomes n (N) Statins No statins OR (95% ClI) effect p Value (Q statistic) |2 p value
Death from any cause 2149 (3)  109/1082 (10.1%)  109/1067 (10.2%) 0.98 (0.74 to 1.30) 0.91 0.33 9% 0.15
(only prospective studies available)
Death from cardiovascular causes 2297 (3) 52/1155 (4.5%) 64/1142 (5.6%) 0.79 (0.54 to 1.15)  0.22 0.67 0% 0.70
(only prospective studies available)
Aortic valve surgery 2418 (4) 311/1216 (25.6%) 327/1202 (27.2%) 0.92 (0.76 to 1.10) 0.35 0.43 0% 0.99
(only prospective studies available)
p For overall Heterogeneity Egger's test
Aortic valve stenosis progression n (N) Mean difference (95% Cl) effect p Value (Q statistic) 12 p value
Jet velocity progression (m/s per year) 3125 (7) —0.08 (—0.13 to —0.03) 0.0007 <0.00001 82% 0.02
Prospective studies 1948 (3) —0.05 (—0.13 to 0.03) 0.22 0.01 78%
Retrospective studies 1177 (4) —0.11 (—0.17 to —0.04) 0.002 0.0002 82%
Aortic valve area decrease (sq cm/year) 2608 (7) —0.02 (—0.03 to 0.00) 0.02 0.24 25% 0.21
Prospective studies 2278 (5) —0.01 (—0.03 to 0.00) 0.15 0.29 19%
Retrospective studies 330 (2) —0.05 (—0.09 to —0.01) 0.01 1.00 0%
Peak aortic gradient progression (mm Hg/year) 731 (5) —1.76 (—3.73 to 0.21) 0.08 0.05 57% 0.03
Prospective studies 524 (3) —0.67 (—2.89 to 1.54) 0.55 0.15 47%
Retrospective studies 207 (2) —3.08 (—5.22 to —0.94) 0.005 0.34 0%
Mean aortic gradient progression (mm Hg/year) 2413 (5) —0.99 (—2.04 to 0.07) 0.07 0.008 71% 0.04
Prospective studies 2083 (3) —0.36 (—1.25 to 0.53) 0.43 0.12 53%
Retrospective studies 330 (2) —1.92 (—3.55 to —0.29) 0.02 0.22 35%
n, number of patients; N, number of trials.
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Table 3 Clinical outcomes by randomised and non-randomised studies

Events Heterogeneity

p For overall Egger's test

Hard outcomes n (N) Statins No statins OR (95% ClI) effect p Value (Q statistic) 12 p value

Death from any cause 2149 (3) 109/1082 (10.1%)  109/1067 (10.2%) 0.98 (0.74 to 1.30) 0.91 0.33 9% 0.15
Randomised studies 2028 (2) 108/1021 (10.6%) 105/1007 (10.4%) 1.01 (0.76 to 1.35) 0.92 0.46 0%
Non-randomised studies 121 (1) 1/61 (1.6%) 4/60 (6.7%) 0.23 (0.03 to 2.15) 0.20 NA NA

Death from cardiovascular causes 2297 (3) 52/1155 (4.5%) 64/1142 (5.6%) 0.79 (0.54 to 1.15) 0.22 0.67 0% 0.70

(only randomised studies available)

Aortic valve surgery 2418 (4)  311/1216 (25.6%) 327/1202 (27.2%) 0.92 (0.76 to 1.10)  0.35 0.43 0% 0.99
Randomised studies 2297 (3) 306/1155 (26.5%) 324/1142 (28.4%) 0.91 (0.76 to 1.09) 0.30 0.35 4%
Non-randomised studies 121 (1) 5/61 (8.2%) 3/60 (5.0%) 1.70 (0.39 to 7.44) 0.48 NA NA

p For overall Heterogeneity Egger's test

Aortic valve stenosis progression n (N) Mean difference (95% Cl) effect p Value (Q statistic) 12 p value

Jet velocity progression (m/s per year) 3125 (7) —0.08 (—0.13 to —0.03) 0.0007 <0.00001 82% 0.02
Randomised studies 1827 (2) —0.01 (—0.03 to 0.02) 0.48 0.88 0%
Non-randomised studies 1298 (5) —0.12 (—0.18 to —0.06) 0.0002 <0.0001 81%

Aortic valve area decrease (sq cm/year) 2608 (7) —0.02 (—0.03 to 0.00) 0.02 0.24 25% 0.21
Randomised studies 2096 (3) 0.00 (—0.02 to 0.02) 0.75 0.93 0%
Non-randomised studies 512 (4) —0.05 (—0.07 to —0.02) 0.0004 0.90 0%

Peak aortic gradient progression (mm Hg/year) 731 (5) —1.76 (—3.73 to 0.21) 0.08 0.05 57% 0.03
Randomised studies 403 (2) 0.10 (—1.36 to 1.56) 0.89 0.86 0%
Non-randomised studies 328 (3) —3.40 (—5.39 to —1.41) 0.0008 0.46 0%

Mean aortic gradient progression (mm Hg/year) 2413 (5) —0.99 (—2.04 to 0.07) 0.07 0.008 1% 0.04
Randomised studies 1962 (2) —0.10 (—0.36 to 0.16) 0.46 1.00 0%
Non-randomised studies 451 (3) —2.19 (—3.35 to —1.03) 0.0002 0.38 0%

n, number of patients; N, number of trials.

Studies investigating the clinical results of statin treatment
have given contradictory results. The early enthusiastic findings
of observational studies documenting a reduction in the
progression of the disorder have been seriously questioned by
later, randomised studies, which showed substantial equivalence
between statin and placebo-treated patients.

The meta-analysis reported here shows that, on the basis of
data published to date, statin treatment does not affect the
occurrence, at a mid-term follow-up (average 4 years) of major
events in patients affected by calcific non-rheumatic aortic
stenosis, and might reduce the rate of aortic stenosis progression
over time. Current evidence is not sufficient to warrant statin
use in these patients, as it comes only from retrospective, non-
randomised studies, whereas prospective and randomised studies
do not show any protective effects of statins on aortic stenosis
progression.

Therefore, although statins have well-established effects on
major endpoints in several patient populations, both in primary
and secondary prevention, they do not have the same effect on
major endpoints in patients with calcific aortic stenosis. In fact,
our meta-analysis of current evidence shows that statins do not
reduce total mortality, cardiovascular mortality or the need for
valve surgery after 24—48 months of treatment in this cohort of
patients. However, the number of patients that could be pooled
in this analysis was rather small, and multicentre, prospective,
randomised studies are needed to clarify the issue definitively.
We estimate that a sample size of 6220 and of 11 150 patients for
each treatment arm would be needed to demonstrate statisti-
cally significant differences between treatments in cardiovas-
cular mortality and the need for aortic valve surgery,
respectively, at mid-term (mean 39 months) follow-up (2=0.05,
power 0.80).

In the patients in our meta-analysis, the effect of statin
treatment on hard outcomes was distinctly inferior to that
obtained in the JUPITER trial, in which the incidence of major
outcomes was halved by statin therapy in patients with normal
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cholesterol but with elevated inflammatory markers. We
hypothesise that statins are most effective during the early
stages of stenosis, when inflammation is most active, whereas in
the patients we studied the degree of stenosis was far more
advanced, as shown by an average jet velocity in all studies
greater than 3m/s and by an average aortic valve area of
between 1 and 1.4cm? (table 1). This hypothesis is also
supported by a recent post-hoc analysis of SEAS trial data
documenting that in patients affected by calcific aortic stenosis
the protection provided by statin treatment is greater in patients
with a milder degree of aortic stenosis.?*

Against the hypothesis of inflammation contributing to aortic
stenosis progression is the finding that C-reactive protein has
been localised in valve tissue of calcific aortic stenosis and that
statin-treated patients show lower valve levels of this marker?’
However, there is some doubt as to whether there is an associ-
ation between C-reactive protein and disease progression.?® %/

Our meta-analysis also shows that statin treatment might
play, if any, a little role in reducing the progression of aortic
stenosis over time, with an an