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In experimental studies, statins have been shown to lower
blood pressure through increased nitric oxide bioavailability
and improved arterial compliance. The clinical significance
of this effect remains poorly documented. The authors
performed a meta-analysis of the effect of statins on
systolic blood pressure (SBP) and diastolic blood pressure
(DBP) including prospective randomized, controlled trials of
statin therapy. EMBASE and MEDLINE searches for studies
in which patients were randomized to treatment with a
statin plus standard treatment (or placebo) vs standard
treatment (or placebo) were conducted. Studies that
provided data on SBP and DBP values before the initiation
of the treatment and at the end of the follow-up period
were included. A total of 40 studies with 51 comparison
groups examining 22,511 controls and 22,602 patients

taking statins were examined. Mean SBP in the statin
group decreased by 2.62 mm Hg (95% confidence interval
[Cl], —=3.41 to —1.84; P<.001) and DBP by 0.94 mm Hg
(95% CI, —1.31 to —0.57; P<.001). In studies including
hypertensive patients, the decrease in blood pressures with
statins was slightly greater (SBP, —3.07 mm Hg; 95% ClI,
—4.00 to —2.15 and DBP, 1.04; 95% Cl, —1.47 to —0.61).
Similarly, statins effectively reduced SBP in diabetic
patients. In this large meta-analysis of prospective con-
trolled studies, the authors found a small but statistically
significant reduction of SBP in patients taking statins. The
decrease in blood pressure may contribute to the pleiotro-
pic effect of statins in reducing cardiovascular risk. J Clin
Hypertens (Greenwich). 2013;15:310-320. ©2013 Wiley
Periodicals Inc.

Statins have pleiotropic effects such as improving
endothelial-dependent vasodilation, increasing bio-
availability of nitric oxide, and reducing levels of
endothelin-1 (potent vasoconstrictor)." Statins also
downregulate expression of angiotensin type 1 recep-
tors, decrease expression of NAD(P)H oxidase subunit
p22phox, and reduce free radical release in the
vasculature® and have been shown to improve arterial
compliance.® These pleiotropic effects may directly
lower blood pressure (BP) in addition to lowering
cholesterol levels.®> Previous studies report a positive
correlation between BP and cholesterol levels. Indirect
evidence from several trials investigating cholesterol-
lowering regimens suggests that lowering cholesterol
may  simultaneously reduce BP by between
2mm Hg and 5 mm Hg.* However, conflicting
results have been reported with respect to BP-lowering
effects of statins in humans.* The present study was
designed to systematically review prospective random-
ized trials and assess the antihypertensive effects of
statins.
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MATERIALS AND METHODS

Search Strategy

We systematically searched the electronic databases
MEDLINE, PubMed, EMBASE, and the Cochrane
Library for Central Register of Clinical Trials using the
MESH terms statins, HMG-CoA enzyme inhibitors,
hypertension, blood pressure, and the names of individual
statin agents. We limited our search to studies in humans
and peer-reviewed journals in English language from
1996 to June 2012. Additionally, a manual search of all
relevant references from the screened articles and reviews
on statins was performed for additional clinical studies.

Study Selection

We included only prospective randomized, controlled
trials published as original articles in peer-reviewed
scientific journals in English. We excluded trials where
we could not extract or calculate the difference between
baseline and end-of-treatment systolic BP (SBP) and
diastolic BP (DBP) in intervention and control groups
and those that did not report any of the following
variables: number of patients in both the statin and
control groups, length of study, and description of the
main relevant features of the study population, includ-
ing sex, age, hypertensive status, and description of
concomitant therapy, if any.

Data Extraction and Quality
The data were independently extracted by two authors
(V.A. and A.B.) using standardized protocol and
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Potentially relevant articles identified and screened
for retrieval (n = 275)

| Excluded after reading title/abstract as
did not satisfy inclusion criteria (n=224)

[ 52 studies retrieved for more detailed evaluation }

_’{ Excluded: 12 studies, not appropriate design or definite endpoint, incomplete BP data }

A,
{ 40 studies included in the analysis }

FIGURE 1. Preferred Reporting ltems for Systematic Reviews
and Meta-Analyses (PRISMA) flow diagram of study selection.
Cl indicate 95% confidence interval.

reporting form (Figure 1). Disagreements were resolved
by arbitration (F.M.), and consensus was reached after
discussion. For our analysis we extracted characteristics
of each study (type of design with duration of interven-
tion and methods), baseline demographics, and SBP and
DBP at baseline and at the end of the study. Authors of
the papers were individually contacted if the data were
unclear. The study quality was evaluated according to
the Jadad composite score,” which is a S-point quality
scale, with low-quality studies havinég a score of <2 and
high-quality studies a score of > 3.

Outcomes Assessed

Our primary outcome was the difference in SBP and
DBP among the treatment and control groups compared
with baseline BPs.

Data Analysis and Synthesis

An intention-to-treat traditional meta-analysis was per-
formed in line with recommendations from the Coch-
rane Collaboration and the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
Statement. All analyses were performed by Review
Manager (RevMan) 5.1. (Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2011).
Heterogeneity was assessed with the I? statistic, with I*
<25% considered low and I* >75% considered high.
Since we expected individual studies to differ in baseline
patient characteristics, choice of statin and its dose, and
the length of follow-up, we decided a priori to use a
DerSimonian-Laird random-effects model for relative
risk (RR) estimation for all outcomes. Reported values
are two-tailed, and hypothesis testing results were
considered statistically significant at P=.05. Small study
effect, including publication bias, was tested using
funnel plot and Egger tests. If publication bias was
found, the nonparametric trim and fill method of Duvall
and Tweedie was performed to add studies that
appeared to be missing. We separately analyzed the
various groups of statins. We separately examined
whether there were any differences in the outcomes
between the studies that included an up-titration of the
antihypertensive agents during the study vs the studies
that kept the dosages of the antihypertensive medica-
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tions stable. Meta-regression (OpenMeta analyst) was
used to assess whether age, follow-up duration, and
Jadad score were associated with the effect of statin
therapy on BP.

RESULTS

Study Selection

We identified 40 clinical studies (Table I), with 40
control arms and 51 intervention arms, which examined
the effects of statins on SBP and DBP based on our
inclusion and exclusion criteria. The inter-rater reliabil-
ity was measured by the use of the Cohen’s kappa test,
which in our study was 0.91 (standard error, 0.035),
suggesting good agreement.

Baseline Characteristics

These studies enrolled 22,511 controls and 22,602
patients taking statins, with an average follow-up
duration of 13.9 months. The mean age of patients
taking statins was 57.9+5.8 years, which was not
significantly different from the mean age of the control
group (57.746.5 years). Atorvastatin was the statin
used in 15 studies,? 12:1916:202431,3436,37.41.43 " )
vastatin in 8 studies,!31%26:28:39.40:42:46 i, yagtatin in
10 studies,'323-2%-30:35,39.44.45:47.49 {1y astatin in 4 stud-
ies,21:2738:3% cerivastatin in 2 studies,'>*?° and lovastatin
in 1 study.*® One study®” compared fluvastatin plus
orlistat (an inhibitor of intestinal lipid digestion) with
orlistat alone. Some studies included only hypertensive
patients, %1 012:15-2428,30,31,35-42.44.45 5 14 o her srudies
uP-titrated the antihypertensive agents.””! 121517719,
21,36,38-4049 Eour studies included only type 1 or only
type 2 diabetic patients.'3:>>30:47

Quality Assessment

The included studies were of variable quality. Twenty-
four studies were of good quality (Jadad score > 3),
with a low risk of bias, and 15 studies of low quality
(Jadad score <3), with a high risk of bias. During the
study selection process, we attempted to avoid duplica-
tion of data. However, the Conduit Artery Function
Evaluation-Lipid-Lowering Arm (CAFE-LLA) study'’
recruited 891 patients already randomized into the
Anglo-Scandinavian Cardiac Outcomes Trial-Lipid-
Lowering Arm (ASCOT-LLA).>>3® The CAFE-LLA
study examined the effects of atorvastatin on aortic
pressures and aortic stiffness, an endpoint not included
in the ASCOT-LLA study. Additionally, according to
the study protocol, the patients’ brachial BPs and central
hemodynamics were measured separately from the main
ASCOT-LLA protocol. Therefore, we decided to include
the study in our analysis. A sensitivity analysis excluding
the CAFE-LLA results did not influence the effects on
SBP, DBP, or heterogeneity.

Heterogeneity. For the outcomes measured, when all
studies were combined, a highly significant level of
statistical heterogeneity was evident, suggesting that it is
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more suitable to group studies by statin type. However,
total heterogeneity as well as heterogeneity for the
subgroups with the higher number of studies (atorvast-
atin and simvastatin groups) were still evident (P<.001).
Additionally, we conducted a sensitivity analysis exclud-
ing small studies (with <50 patients assigned to each
study group) as well as studies with extreme BP
reductions or elevations during the follow-up.>**”>*3

Effect of Statins on SBP. The overall effect for statin
therapy on SBP was a mean difference of —2.62 mm Hg
(95% confidence interval [CI], —3.41 to —1.84;
P<.001), with significant heterogeneity between studies
(P<.001, Figure 2). The funnel plot did not show
asymmetry consistent with publication bias, and Egger’s
test result was not significant (P=.67).

Effect of Statins on DBP. The effect of statin therapy
on DBP in all of the studies was in the same direction as
for SBP, with a mean difference of —0.94 mm Hg (95%
CL, —1.31 to —0.57; P<.001), with significant hetero-
geneity between studies (P<.001) (Figure 3). There was
no evidence of publication bias (Egger’s test, P=.58).

Subgroup Analysis. The effect of statin therapy on SBP
was significant in studies that recruited patients who
were hypertensive at baseline (—3.07 mm Hg; 95% CI,
—4.00 to —2.15; P<.001; and DBP —1.04; 95% CI,
—1.47 to —0.61; P<.001). In 4 trials that enrolled
diabetic hypercholesterolemic patients, the combined
effect of statins on BP was: SBP —6.50 (95% CI,
—10.93 to —2.08; P=.004) and DBP —4 (95% CI,
—6.26 to —1.74; P=.0005). In the studies that up-
titrated the dosages of antihypertensive medications, the
effect of statins on BP was less pronounced (SBP —0.86;
95% CI, —2.41 to 0.69; P=.28; DBP —0.56; 95% CI,
—1.35 to 0.24; P=.17). The effects of different types of
statins on SBP and DBP are presented in Figures 2
and 3. Simvastatin and atorvastatin had a greater effect
on BP (simvastatin: SBP —4.16; 95% CI, —7.61 to
—0.71; DBP -2.02; 95% CI, —3.37 to —0.68),
atorvastatin: —2.43; 95% CI, —3.39 to —1.47; DBP
—0.96; 95% CI, —1.40 to —0.52) compared with
pravastatin (SBP —0.38; —1.26 to 0.50; DBP —0.09;
—0.77 to 0.58). However, the meta-regression analysis
did not show any statistically significant difference
among different statin types.

In the sensitivity analysis of larger studies (study arms
with >50 patients), 13 studies were included in the
analysis. The effect of statins on SBP and DBP was
attenuated as SBP decreased by —0.73 (95% CI, —1.53
to 0.07; P=.07) and DBP by —0.18 (95% CI, —0.58 to
0.22; P=.37). The total heterogeneity and the heteroge-
neity in the atorvastatin group remained significant
(P<.001), suggesting that exclusion of these trials was
insufficient to fully explain this residual heterogeneity.
Among the conducted analyses, grouping trials by statin
type provides explanation for the some of the hetero-
geneity seen between trials. The total heterogeneity we
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identified may be attributed to design, participants,
interventions, and outcomes studied.

In the group of studies using simvastatin, a significant
effect was seen in the study by Borghi and colleagues,23
but the remaining studies showed small effects on BP. A
sensitivity analy51s excluding the study by Borghl and
colleagues®® showed a nonsignificant decrease in SBP by
—0.60 (95% CI, —1.32 to 0.12; P=.10) and DBP by
—1.47 (95% CI, —2.97 to 0.03; P=.O6).

Meta-Regression Analysis. We performed a meta-
regression analysis that demonstrated no evidence that
any of the following factors were significantly related to
the response to statin therapy: age (P=.75 for SBP and
.687 for DBP), follow-up duration (P=.543 and .194,
respectively), and Jadad score (P=.257 and .262,
respectively).

DISCUSSION

The antihypertensive effect of statins documented by
our analysis was small and reached statistical signifi-
cance for SBP and DBP. The predominant reduction in
SBP could not be explained on the basis of age, race, or
severity of hypertension. However, we observed signif-
icant heterogeneity between trials in the efficacy of
statins as antihypertensives. Much of this heterogeneity
could be explained by differences in the methodological
quality of the trials.

Our meta-regression analysis did not show any
statistically significant difference among different statin
types. This is probably attributed to the limited number
of patients included in the studies with different statin
types. Besides, evidence from published randomized
placebo-controlled trials suggests that pravastatin, sim-
vastatin, and atorvastatin, when used at their standard
dosages, show no statistically significant difference in
their effect on long-term cardiovascular prevention.*?

Many clinical trials have demonstrated a statin-
related reduction in morbidity and mortality in patients
at risk for cardiovascular disease; however, the data on
the BP-reducing effects of statins in humans have been
mixed. The main limitation of the published studies is
that some of the reported results were from normoten-
sive and some from hypertensive patients with different
antihypertensive regimens. In addition, some of the
studies had small numbers of patients, were unblinded,
and/or allowed adjustment of antihypertensive medica-
tions throughout the trial.

Since it is probable that statins exert some hypoten-
sive effects, the evaluation of their impact on BP in
association with standard hypotensive drugs is relevant.
Sposito and colleagues'” suggested a beneficial effect of
combined 16-week therapy with statins (pravastatin or
lovastatin) both on SBP and DBP in comparison to
monotherapy with enalapril or lisinopril. Authors also
observed a correlation between the magnitude of
diastolic (but not systolic) BP reduction and the reduc-
tion in serum cholesterol. Moreover, a decrease in heart
left ventricular mass was demonstrated in patients
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Statins Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.1 Atorvastatin
Cohn ) 2009 -4.2 1 155 -34 0.8 183 1.2% -0.80 [-1.00, -0.60]
Fassert RG 2010 it Bk 16 -2 35 18 0.0% 0.80 [-2.22, 3.82] ez
Fogari R 2006 -18 6.4 50 -14 6.4 50 0.0% -4.00 [-6.51, -1.49] =
Ge GC 2008 =23.9 12 61 -14.2 11.3 65 0.0% -9.70 [-13.78, -5.62] =
Glorioso N 1999 -7 44 30 -3 4.4 30 0.0% -4.00 [-6.23, -1.77] s
Grimm R 2010 -1.7 0.8 118 -1.1 0.7 115 1.2% -0.60 [-0.79, -0.41]
Kanaki Al 2011 -2.6 13.8 25 -0.6 123 25 0.0% -2.00 [-9.25, 5.25] - el
Koh KK 2009 -11 1.4 14 -10 1.4 14 0.0% -1.00 [-2.04, 0.04] 7
Kuklinska AM 2010 =39 125 39 0 10.7 17 0.0% -3.90[-10.32, 2.52] TR
Lavallee PC 2009 -2.8 14 45 -14 1.5 46 0.1% -1.40 [-2.00, -0.80] El
Magen E 2004 -8.8 7.9 15 -15 8.2 16 0.0% -7.30 [-12.97, -1.63] T
Manisty C 2009 =12 12.8% 77 -13 12.2 62 0.0% 1.00 [-3.17, 5.17] oot 7l
Orr JS 2009 -1 3.6 16 o 2.8 10 0.0% -1.00 [-3.47, 1.47] =
Sever P 2006a -14.6 13.8 2584 -14.3 13.7 2554 0.15% -0.30 [-1.05, 0.45]
Sever P 2006b -12.4 14.1 32584 -12.4 13.8 2583 0.15 0.00 [-0.76, 0.76]
Williams B 2009 ~13.4 9.6 434 -13.9 21.6 457 0.0% 0.50 [-1.68, 2.68] T
Subtotal (95% CI) 6263 6245 2.7% -0.73 [-0.86, -0.60]
Heterogeneity: Chi* = 54.70, df = 15 (P < 0.00001); F = 73%
Test for overall effect: Z = 11.20 (P < 0.00001)
2.1.2 Pravastatin
Bak 1998b 2 7.1 53 09 9.1 54 0.0% 1.10 [-1.99, 4.19] A
Bak AA 1998a -0.9 8.9 53 01 7.7 55 0.0% -1.00 [-4.14, 2.14] T
Golomb BA 2008a -2.8 17.6 308 -04 17.8 309 0.0% -2.40 [-5.19, 0.39] =
Ichihara A 2005a 2 3.6 21 T 5 22 0.0% 1.00 [-1.60, 3.60] 7
Kushiro T 2009 -2.6 13.9 1613 -1.7 14.1 1664 0.0% -0.90 [-1.86, 0.00] gl
Lee TM 2002 0 7.2 25 1 b4 25 0.0% -1.00 [-4.78, 2.78] T
Lee TM 2009 3 12.8 2 4 12 26 0.0% -1.00 [-7.68, 5.68] mEE
Mancia G 2010 -12.4 1.55 230 -12.8 1.55 224 0.6% 0.40 [0.11, 0.69]
5u 5F 2000 -33 8.5 20 -28 8.6 20 0.0% -5.00[-10.30, 0.30] = |
Tonelli M 2006 0.2 04 2069 -0.4 0.3 2057 96.2% 0.60 [0.58, 0.62] .
Subtotal (95% CI) 4419 4456 96.8% 0.60 [0.58, 0.62]
Heterogeneity: Chi* = 22.07, df = 9 (P = 0.009); I = 59%
Test for overall effect: Z= 54.50 (P < 0.00001)
2.1.3 Simvastatin
Borghi C 2004a ~1.6 4.7 111 -2 35 111 0.0% 0.40 [-0.69, 1.49] i
Borghi C 2004b -3.3 6.6 105 -1.7 5.5 104 0.0% -1.60 [-3.25, 0.05] ==
Borghi C 2004¢ 5.3 7.5 123 -2.7 8.5 123 0.0% -2.60 [-4.35, -0.85] =
Borghi C 2004d =12,5 7.5 113 -5.7 9.7 113 0.0% -6.80 [-9.06, -4.54] T
Danaoglou Z 2003 -23 10.8 21 -22 16.1 18 0.0% -1.00 [-9.76, 7.76] -
Golomb BA 2008b -2.4 17.2 310 0.6 17.1 309 0.0% -3.00 [-5.70, -0.30] |
Hommel E 1992 -2 149 14 3 15.6 12 0.0% -5.00([-16.78, 6.78] —
HPS 2004 -4.5 15.1 10269 -4.6 14.1 10267 0.3% 0.10 [-0.30, 0.50]
Ichihara A 2005b e R 22 1 5 22 0.0% -3.00 [-5.39, -0.61] 7
Lewandowski ] 2010 -7 14.6 15 -4 133 16 0.0% -3.00[-12.85, 6.85] - —
McDowell IF 1991 =2 A5.R 14 4 125 12 0.0% -6.00[-16.89, 4.89] =
Olkinuora ] 2006 -7 12 27 -7 12.7 29 0.0% 0.00 [-6.47, 6.47] THE T
Tonolo G 1997 -2 24 10 -1 4.2 0.0% -1.00[-4.12, 2.12] —
Subtotal (95% CI) 11154 11145 0.4% =0.35 [-0.69, -0.01]
Heterogeneity: Chi* = 57.00, df = 12 (P < 0.00001); F = 79%
Test for overall effect: Z = 2.00 (P = 0.05)
2.1.4 Fluvastatin
Derosa 2003b -6 3.6 24 -4 45 25  0.0% -2.00([-4.28,0.28] —
Derosa G 2003a -4 5.1 24 -2 36 23 0.0% -2.00 [-4.52, 0.52] ==
Hjelstuen A 2007 0.1 9.1 42 -11 7.7 41 0.0% 1.20 [-2.42, 4.82] o
Ichihara A 2005¢ 1 3.6 22 1 5 22 0.0% 0.00 [-2.57, 2.57] fesd
Teixeira AA 2010 -7 13 19 -4 12 20 0.0% -3.00[-10.86, 4.86] =
Subtotal (95% CI) 131 131 0.0% -1.11 [-2.41, 0.19] 4
Heterogeneity: Chi* = 3.56, df = 4 (P = 0.47); I’ = 0%
Test for overall effect: Z = 1.68 (P = 0.09)
2.1.5 Cerivastatin
Balletshoffer BM 2005a -4 15 20 3 156 18 0.0% -7.00[-16.75, 2.75] —
Nakamura T 2001 wt AR 30 0 15.6 30 0.0% -2.00 [-9.22,5.22] P
Subtotal (95% CI) 50 48  0.0% -3.77[-9.57, 2.03] s
Heterogeneity: Chi* = 0.65, df = 1 (P = 0.42); I’ = 0%
Test for overall effect: Z = 1.27 (P = 0.20)
2.1.6 Lovastatin
Hodis H 1993 -1.8 9.3 99 -12 111 B9 0.0% -0.60[-3.61, 2.41] o
Subtotal (95% CI) 99 89 0.0% -0.60[-3.61, 2.41] L 3
Heterogeneity: Mot applicable
Test for overall effect: Z = 0.39 (P = 0.70)
2.1.7 Various statins
Athyros VG 2004 0 11.2 420 -2 11.9 349  0.0% 2.00 [0.36, 3.64] -
Sposito A 1999 -19 5 35 -15 8.2 35  0.0% -4.00[-7.18, -0.82] —
Terzoli L 2005 -3.3 13.8 31 2.1 20.7 13 0.0% -5.40[-17.66, 6.860] =
Subtotal (95% CI) 486 397 0.0% 0.65 [-0.80, 2.10] 3
Heterogeneity: Chi* = 11.73, df = 2 (P = 0.003); I = 83%
Test for overall effect: Z = 0.88 (P = 0.38)
Total (95% CI) 22602 22511 100.0% 0.56 [0.54, 0.58]
Heterogeneity: Chi* = 589.51, df = 49 (P < 0.00001); I’ = 92% 71'0 7{0 5 ﬁ} 2’0
Test for overall effect: Z= 51.62 (P < 0.00001) Favours statins  Favours control
Test for subgroup differences: Chi* = 439.80, df = 6 (P < 0.00001), I = 98.6%

FIGURE 2. Mean differences and 95% confidence intervals (Cls) in diastolic blood pressure (DBP) achieved in patients taking a statin
compared with those taking placebo or other control treatment.
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Statins Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
L.1.1 Atorvastatin
Cohn ) 2009 -7 2 155 -5 2 183 3.7% -2.00 [-2.43, -1.57] -
Fassert RG 2010 -4.2 B.4 16 -4.6 9 18 1.5% 0.40 [-5.45, 6.25] W
Fogari R 2006 -23 13.6 50 -17 136 50 1.7% -6.00 [-11.33, -0.67] =
Ge GC 2008 -41.1 17.1 61 -26.2 17.5 65 1.4% -14.90 [-20.94, -8.86] o -
Glorioso N 1999 =8 E 30 = 98 30 2.0% -7.00 [-11.49, -2.51] g
Grimm R 2010 -4 1 118 =1 L2 115 3.7% -3.00 [-3.28, -2.72] |
Kanaki Al 2011 -5.1 10.2 25 0.3 9.6 25 1.6% -5.40 [-10.89, 0.09] ==
Koh KK 2009 =18 2.5 14 =17 2.2 14 3.3% -2.00 [-3.74, -0.26] =
Kuklinska AM 2010 -5.7 14.1 39 -1 16.2 17 0.85% -4.70 [-13.58, 4.18] — =
Lavallee PC 2009 =38 LI 45 -0.8 2.2 46 3.6% -3.10 [-3.98, -2.22] -
Magen E 2004 -16.1 7.8 15 -0.2 10 16 1.4% =-15.90[-22.19, -9.61] L
Manisty C 2009 =17 22.8 77 =22 17.2 B2 1.3% 5.00 [-1.65, 11.65] -
Orr JS 2009 =5 4.5 16 -3 5.7 10 2.15% -2.00 [-6.16, 2.16] -
Sever P 2006a -26.8 24.4 2584 -27.2 248 2554 3.45% 0.40 [-0.95, 1.75] T
Sever P 2006b ~24.1 24.1 32584 -23.2 24.1 2583 3.45% -0.90 [-2.21, 0.41] b
Williams B 2009 =25.7 16.7 434 -26.5 17.5 457 3.0% 0.80 (-1.45, 3.05] T
Subtotal (95% CI) 6263 6245 37.9% -2.43 [-3.39, -1.47] [ ]
Heterogeneity: Tau® = 1.74; Chi’ = 96.82, df = 15 (P < 0.00001); I’ = B5%
Test for overall effect: Z = 4.97 (P < 0.00001)
1.1.2 Pravastatin
Bak 1998b -5.1 18.2 53 -2.8 15.7 55 1.3% -2.30 [-8.72, 4.12] e
Bak AA 1998a 2.5 16.1 53 0.6 18.6 54 1.3% 1.90 [-4.69, 8.49] TEIE
Golomb BA 2008a =2.5 21.1 308 -1 21.1 309 2.5% -1.50 [-4.83, 1.83]
Ichihara A 2005a -2 8.6 21 -4 11.7 22 1.4% 2.00 (-4.12, 8.12] TEE
Kushiro T 2009 -2.3 22.7 1613 -1.9 21.2 1664 3.4% -0.40 [-1.90, 1.10] G
Lee TM 2002 -1 14.9 25 0 12.8 25 1.0% -1.00 [-8.70, 6.70] R
Lee TM 2009 -3 24.1 27 -2 20.5 26 0.5% -1.00 [-13.03, 11.03] T
Mancia G 2010 =19.2 1.9 230 -18.1 1.9 224 3.7% -1.10 [-1.45, -0.75] A
5u 5F 2000 =45 14.2 20 -44 12 20 1.0% -1.00 [-9.15, 7.15] T EE
Tonelli M 2006 0.7 04 2069 -0.2 0.3 2057 3.7% 0.90 [0.88, 0.92] i
Subtotal (95% CI) 4419 4456 19.8% -0.28 [-1.63, 1.07] 4
Heterogeneity: Tau® = 1.82; Chi* = 131.78, df = 9 (P < 0.00001); I’ = 93%
Test for overall effect: Z = 0.40 (P = 0.69)
1.1.3 Simvastatin
Borghi C 2004a 3.5 6.1 111 3.6 6 111 3.3% -0.10 [-1.69, 1.49] B
Borghi C 2004b -6.5 10 105 -0.7 9.8 104 2.8% -5.80 [-8.48, -3.12] T
Borghi C 2004¢ ot 5 7 123 -29 53 123 3.3% -8.70 [-10.25, -7.15] =
Borghi C 2004d -24.7 10.2 113 -6.7 11.2 113 2.8% -18.00 [-20.79, -15.21] s
Danaoglou Z 2003 -38 14.2 21 -32 236 18 0.5% -6.00 [-18.48, 6.48] —
Golomb BA 2008b 2.7 212 310 0.2 20.9 309 2.5% -2.90 [-6.22, 0.42] |
Hommel E 1992 -5 27.6 14 3 26.2 12 0.2% -8.00 [-28.71, 12.71] —=
HPS 2004 -7.6 27.5 10269 -7.1 28.9 10267 3.6% -0.50 [-1.27, 0.27] 5
Ichihara A 2005b -3 5.7 22 -4 11.7 22 1.6% 1.00 [-4.44, 6.44] TEE T
Lewandowski ] 2010 -6 15.1 15 -5 15.1 16 0.6% -1.00 [-11.64, 9.64] o — - —
McDowell IF 1991 3 26.4 14 7 271 12 0.2% -4.00 [-24.65, 16.65]
Olkinuora ] 2006 -14 15.6 27 -14 19.2 29 0.8% 0.00 [-9.14, 9.14] S
Tonolo G 1997 -3 3.6 10 -3 456 9 2.3% 0.00 [-3.74, 3.74] =
Subtotal (95% CI) 11154 11145 24.6% =4.16 [-7.61, =0.71] S
Heterogeneity: Tau® = 28.86; Chi* = 224.04, df = 12 (P < 0.00001); I’ = 95%
Test for overall effect: Z = 2.36 (P = 0.02)
1.1.4 Fluvastatin
Derosa 2003b -9 5.6 24 -6 4.2 25 2.8% -3.00 [-5.78, -0.22] |
Derosa G 2003a -6 5.3 24 -4 5.8 23 2.6% -2.00 [-5.18, 1.18] —=
Hjelstuen A 2007 =1.7 143 42 -15 7.7 41 1.8% -0.20 [-5.13, 4.73] =
Ichihara A 2005¢ o 22 -4 11.7 22 1.5% 3.00 [-2.74, 8.74] =
Teixeira AA 2010 -13 18.2 19 -7 16.3 20 0.65 -6.00 [-16.86, 4.86] =
Subtotal (95% CI) 131 131 9.3% -1.72 [-3.66, 0.23] L
Heterogeneity: Tau® = 0.48; Chi* = 4.40, df = 4 (P = 0.36); I = 9%
Test for overall effect: Z = 1.73 (P = 0.08)
1.1.5 Cerivastatin
Balletshoffer BM 2005a -7 301 20 6 27.2 18 0.2% -13.00 [-31.22, 5.22] =
Nakamura T 2001 -4 213 30 2 17 30 0.75% -6.00 [-15.75, 3.75] T
Subtotal (95% CI) 50 48 1.0% -7.56 [-16.16, 1.04] -
Heterogeneity: Tau® = 0.00; Chi’ = 0.44, df = 1L (P = 0.51); F = 0%
Test for overall effect: Z = 1.72 (P = 0.08)
1.1.6 Lovastatin
Hodis H 1993 -2.1 17.9 99 -12 111 89 2.1% -0.90 [-5.11, 3.31] -
Subtotal (95% CI) 99 89 2.1% -0.90 [-5.11, 3.31] L 3
Heterogeneity: Not applicable
Test for overall effect: Z = 0.42 (P = 0.68)
1.1.7 Various statins
Athyros VG 2004 -1 18.4 420 -2 20.5 349 2.8% 1.00 [-1.78, 3.78] = g
Sposito A 1999 =23 10.4 35 -12 10 35 1.9% ~-11.00[-15.78, -6.22] T
Terzoli L 2005 =f.2 19.5 31 -16 17 13 0.6% -4.60 [-16.11, 6.91] T
Subtotal (95% CI) 486 397 5.2% -4.75 [-13.97, 4.47] ol
Heterogeneity: Tau® = 54.92; Chi* = 18.28, df = 2 (P = 0.000L); F = 89%
Test for overall effect: Z= 1.01 (P = 0.31)
Total (95% CI) 22602 22511 100.0% -2.70 [-3.63, -1.77] (]
Heterogeneity: Tau® = 6.11; Chi* = 1604.66, df = 49 (P < 0.00001); F = 97% T R R
Test for overall effect: Z = 5.69 (P < 0.00001) Favours Statins  Favours control
Test for subgroup differences: Chi* = 10.59, df = 6 (P = 0.10), I = 43.4%

FIGURE 3. Mean differences and 95% confidence intervals (Cls) in systolic blood pressure (SBP) achieved in patients taking a statin compared
with those taking placebo or other control treatment.
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treated with statins. Results by Borghi and colleagues®
suggested that the addition of statin treatment (prava-
statin or simvastatin) to conventional antihypertensive
therapy might improve BP control in hypertensive
patients with hypercholesterolemia.

In one of the first large randomized trials on the topic,
the University of California San Diego (UCSD) Statin
Study, evaluated the impact of statins on BP in 1016
patients with increased levels of serum cholesterol.’> A
significant decrease in BP with statin therapy was
observed, compared with the placebo group. However,
the observed effect for SBP in the pravastatin group and
for DBP in the simvastatin group disappeared during the
2-month follow-up period.

A previous meta-analysis* included 20 controlled
clinical trials, which had enrolled 828 normotensive
and hypertensive patients. The antihypertensive effect
was more pronounced in studies in which the initial
SBP was >130 mm Hg (mean difference for SBP —4.0;
95% CI, —5.8 to —2.2). In addition, there was a
tendency toward lower DBP values in statin-treated
patients compared with the control groups (mean
difference —0.9 mm Hg; 95% CI, —2.0 to —0.2) and
greater reduction of DBP in patients with baseline DBP
>80 mm Hg (mean difference, —1.2 mm Hg; 95% CI,
—2.6 to —0.1). The authors concluded that the impact
of statins on BP was dependent on the initial BP, with
higher initial values associated with a more pro-
nounced influence of statins. Although we showed
comparable BP reductions with the previous meta-
analysis, methodological differences between the two
studies exist: (1) we used 12 studies that were included
in the meta-analysis by Strazzullo and colleagues,
(2) we did not exclude studies in which concomitant
antihypertensive  treatment remained unchanged
throughout the study, (3) we included large random-
ized studies published after 2007,'>* and (4) we
excluded studies with follow-up <8 weeks as well as
prospective crossover studies with or without an
insufficient wash-out period.

The beneficial effects of statins on the vasculature are
present early after statin administration and appear to
be independent of their cholesterol-lowering actions.
Statins up-regulate the expression and activity of
endothelial nitric oxide synthase via activation of
phosphatidylinositol 3-kinase,’! inhibition of geranyl-
geranylation of the small G-protein Rho,’* and of
vascular Racl-mediated activation of NADPH-oxi-
dase.’® Statins have also been shown to inhibit several
angiotensin Il-activated intracellular signaling systems
delay hypertension-induced vascular alterations,5§
reduce large artery stiffness, and improve systemic
arterial compliance.’ These mechanisms may, in part,
explain the BP effects of statins suggested by our
analysis.

LIMITATIONS
Despite the substantial data on the effectiveness of
statin therapy in the primary and secondary prevention

of cardiovascular events in patients with hypercholes-
terolemia, it is difficult to assess the antihypertensive
effects of statins and the impact on cardiovascular risk.
This lack of clarity is caused by several factors: (1) BP
effect is not one of the primary endpoints of clinical
trials, (2) statistical power to assess antihypertensive
effects is insufficient, and (3) study groups were
composed of both hypertensive and normotensive
patients. Additionally, the effects of antihypertensive
therapies may have varied between trials because of
variations in how and when the BP was measured. Also,
the results are subject to limitations inherent to any
meta-analysis based on pooling of data from different
trials with different inclusion criteria, different designs,
variable follow-up duration with differing attrition
rates, and different patient populations. As in other
meta-analyses, given the lack of data in each trial, we
did not adjust our analyses for compliance to assigned
therapy.

OUTLOOK

Further studies evaluating the magnitude of the antihy-
pertensive effects of statins should: (1) use 24-hour
ambulatory BP measurements to accurately determine
the extent and duration of antihypertensive effects, (2)
have BP changes as one of the primary endopoints (3)
keep the dosages of other antihypertensives steady
during the study, (4) assess the effects of different statin
dosages, (5) examine the effects of statins on hyperten-
sive subgroups (eg, dippers vs nondippers and diabetics
vs nondiabetics), (6) determine the onset and duration
of antihypertensive actions of statins, and (7) evaluate
possible synergistic effects of statin and other antihy-
pertensive agents.

CONCLUSIONS

The available data support only a modest BP-lowering
effect of statins that is most prominent in patients with
poorly controlled hypertension. Overall, the small
antihypertensive effect may add to the reduction in
cardiovascular risk conferred by statin therapy and may
be clinically significant in patients with intermediate to
high cardiovascular risk.
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