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A large proportion of patients have both hyper-
tension and hypercholesterolemia, two of the
most important risk factors for cardiovascular
diseases. Statins are the most widely used drugs
for the treatment of plasma lipid abnormalities
and have been reported to interact with elevated
blood pressure. A reduction in blood pressure
associated with the use of these agents has been
reported in patients with untreated hypertension
and in patients treated with antibypertensive
drugs, particularly angiotensin-converting
enzyme inhibitors and calcium channel blockers.
This effect on blood pressure control has also
been observed in diabetic patients. The mecha-
nism responsible for the hypotensive effect
seems to be largely independent of the effect of
statins on plasma cholesterol, and probably is
related to the interaction of the medications
with endothelial function or angiotensin 11
receptors. The capacity of statins to improve
blood pressure control may represent a useful
tool for improvement in the prevention of car-
diovascular diseases. (] Clin Hypertens.
2002;4:277-285) ©2002 Le Jacq Communications, Inc.
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therosclerotic disease and its complications, i.e.,

myocardial infarction and stroke, are one of the
leading causes of morbidity and mortality among
adults in Europe and North America.! Its overall
prevalence is strongly related to that of different car-
diovascular (CV) risk factors, including high blood
pressure (BP), cigarette smoking, total plasma cho-
lesterol (TC), low- and high-density lipoprotein
(LDL and HDL) cholesterol, and diabetes.2=5 Risk
factor modification is an integral part of the optimal
care of patients with and without cardiovascular dis-
ease. Data supporting this concept have been pub-
lished in the fields of basic science, epidemiology,
clinical medicine, and cost effectiveness analyses.
Effective management of risk factors for CV diseases
should be viewed as an integrated strategy of inter-
vention to correct as many as possible of the modifi-
able risk factors. A combined approach to CV risk
has been adopted as part of the framework for
hypertension management programs (Joint National
Committee on the Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure and the
World Health Organization/International Society for
Hypertension) and high plasma cholesterol treat-
ment (National Cholesterol Education Program), in
both the United States and Europe.6-8 Data from
large population studies have demonstrated that the
long-term incidence of CV diseases can be signifi-
cantly improved by using algorithms that take into
account the impact of several risk factors, such as BP,
smoking habits, TC and HDL cholesterol levels, dia-
betes, and left ventricular hypertrophy.> This sug-
gests that CV risk could be better managed in the
clinical setting by treatment strategies aimed at nor-
malizing multiple CV risk factors.
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Figure 1. Systolic and diastolic blood pressure (BP) responses to mental stress in normotensive controls and in border-
line hypertensive patients with average, normal, or high plasma cholesterol (chol) levels
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Figure 2. Proportion of patients and relative risk (RR)
ofg developing persistent hypertension in normotensive
controls and in borderline hypertensive patients with
average, normal, or bigh plasma cholesterol (chol) lev-
els. Cl=confidence interval

ROLE OF HIGH PLASMA CHOLESTEROL

IN HYPERTENSION

The concomitant presence of high BP and high plasma
cholesterol can account for a large proportion of the
cumulative risk of CV disease. A significant increase in
plasma cholesterol levels has been observed in as many
as 40% of the hypertensive population in the age
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range from 35-65 years.? The results of the Multiple
Risk Factor Intervention Trial (MRFIT)3 have demon-
strated that for any level of BP, the risk of developing
a CV complication is significantly increased in patients
with higher cholesterol levels. The negative interaction
between high BP and hypercholesterolemia can also be
demonstrated in patients with a marginal increase of
plasma cholesterol levels, ranging from 180-220
mg/dL,3 suggesting that lipid-lowering strategies may
be effective even in the population of hypertensive
patients with borderline elevations of plasma choles-
terol levels.

From an epidemiologic point of view, many obser-
vational studies have described a high level of plasma
cholesterol in patients with mild to moderate hyper-
tension, and the same trend has been detected in
young patients with borderline hypertension.10,11 In
this latter population of subjects, we have observed
that an increase of serum cholesterol levels above the
cut-off value of 200 mg/dL has been associated with
an exaggerated BP response to mental stress (Figure
1) and a significant increase in the 15-year relative
risk of developing more severe hypertension (Figure
2). This relationship persists after adjustment for the
main confounding risk factors of age, sex, body
weight, family history of hypertension, and urinary
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Figure 3. Three-year coronary heart disease (CHD)
morbidity in a Swedish population of patients with
hypertension and hypercholesterolemia according to
blood pressure and plasma cholesterol reduction
SBP=systolic blood pressure; T=total

Modi]%ed with permission from JAMA. 1987;258(13):
1768-1776.12

sodium excretion.!! These data suggest that elevated
plasma cholesterol levels can be directly or indirectly
correlated to some of the mechanisms responsible for
the BP increases that characterize patients with hyper-
tension. Accordingly, it is possible that any measures
resulting in a reduction of plasma cholesterol levels
could improve BP control and might interfere with the
onset and progression of hypertensive disease and the
therapeutic impact of antihypertensive treatment in
patients with hypertension. This additional benefit of
lipid-lowering strategies might contribute to an overall
reduction of the risk of coronary artery disease and
improve the clinical outcome of hypertensive patients.
In a primary prevention study carried out in a popula-
tion of Swedish patients with multiple risk factors,!2
the probability of an acute coronary event was reduced
to a greater extent in patients in whom both BP and TC
were reduced by a combination of antihypertensive
and lipid-lowering treatment (Figure 3). In the same
study, a more detailed analysis of CV morbidity, as a
function of the extent of control of BP and serum cho-
lesterol, has clearly demonstrated that the magnitude
of benefit that can be achieved with various degrees of
BP reduction is significantly reduced in patients whose
plasma cholesterol levels were unchanged or increased.
This suggests that in patients with hypertension and
plasma lipid abnormalities, a reduction of both risk
factors should be recommended to achieve a sub-
stantial reduction in CV morbidity. This goal can
be achieved with the use of combinations of differ-
ent drugs acting on different risk factors.

Many drugs currently available for the treatment of
hypertension and plasma lipid abnormalities have been
reported to influence plasma lipids as well as BP.13 In
particular, some agents (i.e., angiotensin-converting
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enzyme [ACE] inhibitors, calcium channel blockers,
statins) have been reported to interact with the same
targets at the vascular endothelial level,'4 which sug-
gests the possibility that they might exert some addi-
tional benefits beyond their primary actions.

ROLE OF STATINS IN MANAGEMENT

OF “OVERALL” CV RISK
3-Hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase inhibitors (“statins”) are the most
effective agents on the market for the treatment of
plasma lipid abnormalities, and many clinical trials
have demonstrated that the use of statins (lovastatin,
simvastatin, and pravastatin) reduces morbidity and
mortality in patients at risk of CV disease.15-18 In par-
ticular, the benefit of statins has been demonstrated in
a large population of patients (>30,000), with and
without coronary artery disease and across a wide
range of plasma cholesterol levels (from 210-310
mg/dL). This suggests the possibility that the use of
HMG-CoA reductase inhibitors could result in a
reduction of CV risk that extends beyond the simple
prevention of progression of cholesterol-related ather-
osclerotic lesions.

During the last 2—3 years, some interesting evi-
dence!® has suggested the possibility that a significant
proportion of the beneficial effects of HMG-CoA
reductase inhibitors may result from their capacity
to exert some degree of “therapeutic crossover” in
patients with multiple risk factors. In particular, this
effect might be noted in patients with elevated choles-
terol levels and hypertension.

ROLE OF STATINS IN BP CONTROL:
EXPERIMENTAL EVIDENCE

The first demonstration of the ability of statins to
influence BP control comes from experimental data
obtained in Dahl salt-sensitive rats,20 where the use
of lovastatin or pravastatin2! was able to attenuate
the onset and progression of hypertension as well as
to reduce the degree of proteinuria and glomerular
injury. These effects were not dependent on the direct
inhibition of renal sodium reabsorption. Jiang and
Roman?? investigated the effects of statins in sponta-
neously hypertensive rats and demonstrated that
chronic treatment with lovastatin (20 mg/kg/day) in
this salt-insensitive model of hypertension shifts the
relation between renal perfusion pressure and sodi-
um excretion toward lower BP values and attenuates
the development of hypertension and renal vascular
damage. The mechanism by which the use of statins
attenuates the development of hypertension is still
poorly understood. Spontaneously hypertensive
treated rats22 showed a 33% reduction in plasma
cholesterol, but it remains unclear whether the
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effects of lovastatin in preventing the BP rise are
directly or indirectly related to its hypolipidemic
effects. Basically, the plasma lipid concentrations of
spontaneously hypertensive rats are not elevated and
it is not known whether a reduction in plasma cho-
lesterol concentration from the normal baseline lev-
els has any effect on the mechanisms involved in BP
control. An intriguing hypothesis suggests the possi-
bility that the antihypertensive effect of statins in
experimental rat models is related to their ability to
prevent renal vascular hypertrophy, thus improving
the pressure-natriuresis relationship.22 Thus, the
effect of statins may be largely independent of their
lipid-lowering activity and more directly related to
their ability to alter the function of vascular smooth
muscle cells.23.24 This suggests a role for statins, per
se, in the modulation of some of the mechanisms
responsible for the progressive increase and mainte-
nance of elevated BP and supports the possibility that
statins may be involved in BP control irrespective of
their capacity to modulate the plasma lipid profile.

ROLE OF STATINS AND BP CONTROL:
CLINICAL EVIDENCE

In addition to experimental evidence, the possibility
that the use of statins can exert a favorable effect on

BP control in humans has been evaluated (Table).
Unfortunately, none of the large trials carried out to
assess the clinical relevance of the use of statins in
patients with and without CV disease has revealed
information about the extent of BP control. In addi-
tion, these studies have often been carried out in
populations of patients who were not representative
of the average hypertensive population.

In 1995, a retrospective review of different stud-
ies performed with a variety of different lipid-lower-
ing strategies?S suggested that the reduction of plas-
ma cholesterol in patients with hyperlipemia is asso-
ciated with a reduction in BP that was clinically sig-
nificant (3-5 mm Hg in diastolic BP [DBP]). This
was directly related to the decrease in serum choles-
terol and was larger in patients treated with statins.
There is evidence, in some studies, supporting the
concept that chronic treatment with statins can
reduce systemic BP in the high-risk population
of patients with hypertension and hypercholes-
terolemia,26-29 but this effect was not seen in other
studies.30 In normotensive populations with elevat-
ed cholesterol levels, available clinical data do not
support a significant effect of statins on BP,31-33
despite some significant changes in the systemic
hemodynamic profile.3! So far, no controlled clinical

Table. Effects of Statins on Blood Pressure Control in Normotensives and Hypertensives: Clinical Trial Results

Glorioso et al., 199935 U-HBPResting

Tonolo et al., 200036 T-HBP+NIDDM
Velussi et al., 199937 T-HBP+NIDDM
Sposito et al., 199938 T-HBP*
Borghi et al., 200039 T-HBP*
Nazzaro et al., 199940 U-HBP
Mugen et al., 200048 HBP
Ferrari et al., 200149 T-HBP

AUTHOR PATIENTS VARIABLE EFFECTS OF STATINS

Sung et al., 199726 NBP SBP response to stress Significantly reduced
Resting SBP Not significantly reduced

Muramatsu et al., 199731 NBP Resting SBP, DBP Unchanged

Antonicelli et al., 199032 NBP Resting SBP, DBP Unchanged

Kool et al., 199533 NBP Resting SBP Unchanged

Leibovitz et al., 200150 NBP Resting SBP, DBP Significantly reduced

Jarai et al, 199627 U-HBP Resting SBP, DBP Significantly reduced

Straznicky et al., 199528 U-HBP SBP and DBP response to Significantly reduced
A-1I, NE Unchanged

Abetel et al., 199829 U-HBP Resting SBP, DBP Significantly reduced

D’Agostino et al., 199330 T-HBPt Resting SBP,DBP Unchanged

Borghi et al., 200134 T-HBP*t Resting SBP, DBP Significantly reduced

SBP, DBP, PP,
MBP response to CPT

Resting SBP, DBP
Resting SBP, DBP
Resting SBP, DBP

Resting SBP, DBP, MBP, PP

Resting SBP, DBP
Resting SBP, DBP
24-hour SBP

Significantly reduced
Significantly reduced

Significantly reduced
Significantly reduced SBP
Significantly reduced
Significantly reduced
Significantly reduced
Significantly reduced
Significantly reduced

NBP, HBP=normotensive, hypertensive patients; SBP/DBP=systolic/diastolic blood pressure; U=untreated; A-
II=angiotensin II; NE=norephinephrine; T=treated; PP=pulse pressure; MBP=mean blood pressure; CPT=cold pres-

sor test; NIDDM=non-insulin-dependent diabetes; “uncontrolled; twell controlled
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Figure 4. Five-year changes in systolic (SBP) and diastolic blood pressure (BP) observed in patients enrolled in the Brisighella
Heart Study and treated with a low-cholesterol diet, statins, and other lipid-lowering drugs (fibrates or cholestyramine)

*p<0.05, **p<0.05 vs. Diet; Sp<0.05 vs. other drugs

studies have been carried out in patients with hyper-
tension and normal plasma cholesterol levels.

Some intriguing observations regarding statins
and BP control can be derived from a retrospective
analysis of a subpopulation of the Brisighella Heart
Study,3* which enrolled over 1500 patients with
total cholesterol levels >239 mg/dL and at least one
other CV risk factor. These patients were subdivid-
ed into four quartiles of systolic blood pressure
(SBP) and treated with a low-cholesterol diet for a
period of 6 months. Patients considered nonrespon-
ders to the diet (TC levels still >239 mg/dL) were
prospectively allocated to treatment with statins
(mainly, simvastatin 20-40 mg/day) or other lipid-
lowering drugs (fibrates or cholestyramine) for a
cumulative period of 5 years. After completion of
the follow-up period, the decrease in SBP and DBP
was greater in patients with hypertension (third and
fourth quartiles, SBP >150 mm Hg) who were treat-
ed with lipid-lowering drugs (Figure 4). After 6
months of treatment, the BP reduction was signifi-
cant (Figure 5) and was greater in the subgroup of
patients on statin treatment than in patients main-
tained on a low-cholesterol diet without medication
(Figures 4 and 5). Despite obvious limitations due to
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the observational nature of the study design, the data
from the Brisighella Heart Study suggest that long-term
treatment with lipid-lowering drugs might improve BP
control in a population of subjects with a high CV risk
profile. Interestingly, the effect of statins on BP appears
to be limited to patients with BPs in the hypertensive
range, suggesting that, as with most antihypertensive
agents, statins may decrease elevated but not normal
BP. These data are in agreement with those reported for
normotensive populations31-33 and provide additional
support to the possibility that statins might exert their
favorable effects by counteracting some of the mecha-
nisms responsible for the development and mainte-
nance of hypertension.

PRESSOR RESPONSES, STATINS, AND BP

The effects of statins on BP have been evaluated in a
study specifically designed to investigate resting and
stimulated (cold pressor test) SBP and DBP changes
in patients with untreated hypertension and elevat-
ed cholesterol levels.35 After an 8-week placebo and
low-cholesterol diet run-in period, the hypertensive
patients were randomly allocated to placebo or
pravastatin (20-40 mg/day), according to a double-
blind, crossover design. Upon completion of the
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Figure 5. Time course of changes in systolic and diastolic blood pressure (BP) in response to statins or other lipid-lowering
strategies in patients in the last two quartiles for systolic BP in the Brisighella Heart Study

*p<0.05, **p<0.005 vs. Diet; ***p<0.005 vs. B

double-blind phase of treatment, the statin group
had lowered systolic, diastolic, and pulse pressures,
(Figure 6) and the pressor response to the cold pres-
sor test was blunted. These data are in agreement
with the finding of Sung and coworkers26 and sug-
gest that the pressor response to mental stress can be
significantly reduced after cholesterol reduction.
The effects of pravastatin on BP control were inde-
pendent of any adjustment carried out according to
gender and age and were not related to baseline lev-
els of plasma LDL and HDL cholesterol. The effects
of statins on BP were also independent of plasma
endothelin levels,35 thus excluding the possibility
that statins may improve BP by interfering with this
important vasoconstrictive system.

COMPARATIVE DATA
Results of a recent comparison of simvastatin and
cholestyramine in type 2 diabetic patients3¢
demonstrate that although the two drugs were
equally effective in reducing total and LDL choles-
terol, only statin treatment led to a reduction in
diastolic BP and 24-hour urinary albumin excre-
tion. The relative independence of BP reduction
from lipid-lowering activity of statins may be of
clinical importance in terms of CV protection.
The favorable effects of statins on BP have also
been confirmed in the high-risk population of
patients with type 2 diabetes and hypertension.
Treatment with atorvastatin at an average dose of
10 mg/day has been reported to improve diastolic
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BP control without modification of ongoing anti-
hypertensive treatment.37 BP reduction was associ-
ated with an improvement in the lipid profile
(reduction in LDL cholesterol and an increase in
HDL cholesterol), as well as with significant reduc-
tions of microalbuminuria and fibrinogen plasma
levels. These changes contribute to the benefits
reported in large-scale trials with the use of statins
in patients with diabetes.16,17

In addition to the effects on BP in untreated hyper-
tensive patients in comparison with either placebo or
other lipid-lowering strategies (cholestyramine and/or
fibrates), the use of statins has been reported to
improve BP control in patients currently on therapy
with antihypertensive drugs. The first demonstration
of a positive interaction between statins and antihy-
pertensive agents was reported by Sposito et al.,38 who
noted an enhanced antihypertensive effect of enalapril
and lisinopril in a small population of patients with
hypertension and elevated serum TC treated with
pravastatin or lovastatin. Similar effects have been
reported in a larger population of patients (n=127)
with hypercholesterolemia and poorly controlled
hypertension treated with various antihypertensive
drugs.3? The SBP and DBP response to antihyperten-
sive treatment was significantly enhanced by the con-
comitant administration of pravastatin or simvastatin
(Figure 7). A retrospective analysis of data showed
that effects on BP control were enhanced in patients
treated with statins in combination with ACE
inhibitors and calcium channel blockers (Figure 7).
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Figure 6. Diastolic blood pressure modifications in response to pravastatin treatment in patients with untreated arteri-

al hypertension and hypercholesterolemia

Modified with permission from Hypertension. 1999;34:1281-1286.35
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Figure 7. Changes in systolic and diastolic blood pressure
(BP) and total cholesterol in patients with hypertension
treated with a low-cholesterol diet (LCD) alone and in
combination with antibypertensive drugs and statins
ACEl=angiotensin-converting enzyme inhibitor; CCB=cal-
cium channel blocker; *p<0.05, **p<0.005 vs. LCD+ diet
Reproduced with permission from ] Cardiovasc
Pharmacol. 2000;35:549-555.39

No significant interactions have been observed with 3
blockers and diuretics.

A slight but marginally significant correlation has
been observed between the decrease in DBP and that of
serum TC as well as LDL cholesterol (r=0.37; p=0.043
and 7=0.39; p=0.041, respectively), whereas no rela-
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tionship has been found with SBP changes. These find-
ings largely confirm those demonstrated by many clin-
ical studies and suggest the possibility that statins inter-
act with some of the mechanisms responsible for BP
increase. Nazzaro and coworkers40 reported that the
addition of simvastatin (10 mg/day) to baseline treat-
ment with enalapril (20 mg/day) provides a significant
additive effect on BP and forearm vascular resistance,
which may result from their interaction in the control
of vascular tone. This mechanism may be responsible
for a kind of “synergism” between different drugs act-
ing on the same target, with enhancement of the ther-
apeutic impact of each single pharmacologic agent.

PROPOSED MECHANISMS OF INTERACTION
BETWEEN STATINS AND BLOOD

PRESSURE CONTROL

A possible explanation for the effect of statins on
BP control involves a vasodilatory effect that may
relate to their capacity to improve endothelium-
dependent vasorelaxation.4142 An impairment in
peripheral arterial compliance has been described
in patients with high serum cholesterol levels.43
This might contribute to an increase in BP. Treat-
ment with statins possibly increases arterial com-
pliance, thereby improving the vasodilator capaci-
ty of the large arteries. This could contribute to the
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BP lowering and might explain the reduction in pulse
pressure observed in patients treated with the combi-
nation of antihypertensive drugs and statins. In addi-
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