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Hypertension and high serum cholesterol levels are two of
the most relevant risk factors for cardiovascular diseases. A
combined increase in both risk factors has been reported
in a significant proportion of patients with coronary artery
disease. Statins are the most widely used drugs to treat
hypercholesterolemia, and they interact with blood pres-
sure control in different populations of hypertensive
patients. A significant reduction in blood pressure associ-
ated with the use of statins has been described in patients
with untreated hypertension and in patients treated with
antihypertensive drugs, particularly angiotensin converting
enzyme inhibitors and calcium channel blockers. The effect
of statins on blood pressure control has also been reported
in diabetic patients. The mechanisms responsible for the
hypotensive effect seem to be largely independent of the
effect of statins on lipid profile, and are probably related to
their interaction with endothelial function or angiotensin Il
receptors. The capacity of statins to improve blood
pressure control could be a useful consideration for an
integrated approach to better prevention of cardio-
vascular diseases.

Introduction

Coronary heart disease and cerebrovascular disease continue
to be among the leading causes of illness and death among
adults in Europe and North America [1]. Their prevalence is
strongly related to the effects of many different risk factors,
including high blood pressure, cigarette smoking, total
plasma cholesterol, low-density lipoprotein (LDL) choles-
terol, high-density lipoprotein (HDL) cholesterol, and dia-
betes [2-4]. Factors such as obesity, left ventricular
hypertrophy, family history of premature coronary heart dis-
ease, and menopause have also been considered in defining
the risk for coronary heart disease [5¢]. Risk factor modifica-
tion is an integral part of the optimal care of patients with
and without cardiovascular disease, and its role is supported
by basic science, clinical evidence, epidemiologic surveys,
randomized trials, and cost-effective analyses.

Management of risk factors should be viewed as an
integrated strategy of intervention aimed at correcting as
many of the underlying causes of cardiovascular disease as
possible. A combined approach to cardiovascular risk has
been adopted as part of the framework of blood pressure
(Joint National Committee, World Health Organization-
International Society of Hypertension) and cholesterol
(National Cholesterol Education Program) programs in
the United States and Europe [6-8]. In addition, data from
population studies have enabled long-term prediction of
cardiovascular diseases based on algorithms that consider
the combined influence of several risk factors, such as
blood pressure, smoking habits, total cholesterol and HDL
cholesterol levels, presence of diabetes, and left ventricular
hypertrophy. These algorithms have been translated into
easy-to-calculate scores that allow physicians to estimate
multivariate cardiovascular risk in middle-aged men [5e].
The extent of risk of cardiovascular disease predicted by
calculation of such scores, which are based on logistic
functions, largely corresponds to that estimated through
several observational studies that considered the combined
influence of the different risk factors. This correspondence
between calculated and actual findings strongly support
the idea that the overall risk of cardiovascular disease in
humans is better explained by the combined influence of
many different risk factors.

Interactions Between Hypercholesterolemia
and High Blood Pressure

Among the possible combinations of different risk factors,
any approach that simply integrates blood pressure and
cholesterol information can help explain a large propor-
tion of the cumulative risk of cardiovascular disease [3],
probably because of the primary role that the interaction
between such risk factors can play in the development of
cardiovascular events (Fig 1).

From an epidemiologic point of view, many observa-
tional surveys have observed that plasma cholesterol levels
are significantly increased in hypertensive patients. An associ-
ation between elevated plasma cholesterol levels and high
blood pressure has been also noted in patients with mildly
elevated blood pressure, as well as in patients with borderline
hypertension [9,10]. In the latter group, an increase in serum
cholesterol levels above the cutoff value of 200 mg/dL has
been associated with a significant increase in 15-year risk of
stable hypertension. This increased risk persists after adjust-
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Figure 1. Relationship between systolic blood
pressure (BP) and plasma cholesterol levels in
the Multiple Risk Factor Intervention study
sample. CHD—coronary heart disease; T-cho-
lesterol—total cholesterol. (Adapted from
Neaton et al. [3].)

ment for the main confounding risk factors: age, sex, body
weight, family history of hypertension, and urinary sodium
excretion [10]. These data suggest that elevated plasma cho-
lesterol levels can be directly or indirectly implicated in some
of the mechanisms responsible for the increase in blood
pressure that characterizes patients with hypertension.
Accordingly, any measure that decreases plasma cholesterol
levels might interfere with the onset and progression of
hypertensive disease and improve blood pressure control.

Moreover, aggressive treatment of plasma lipid abnor-
malities in hypertensive patients could also reduce the risk of
coronary heart disease and enhance the effect of antihyper-
tensive treatment on clinical outcome. The results of a pri-
mary prevention study that was done in Goteborg, Sweden
[11], and involved patients with multiple risk factors, clearly
showed that the risk of an acute coronary event can be greatly
reduced in patients in whom both blood pressure and total
cholesterol levels are reduced by antihypertensive and lipid-
lowering treatment. Of interest, in the same study, analysis of
cardiovascular morbidity as a function of the changes in
blood pressure and serum cholesterol showed that the bene-
fit of blood pressure reduction associated with antihyperten-
sive treatment is significantly blunted in patients whose
plasma cholesterol levels do not change or even increase.
This finding confirms that in patients with hypertension and
plasma lipid abnormalities, a combined reduction of both
risk factors is mandatory to substantially reduce cardiovascu-
lar morbidity. Among the possible strategies of intervention,
such goals can be achieved by activation of a “therapeutic
crossover” between different drugs designed to treat a single
risk factor in hypertension or lipid abnormalities.

Role of Statins in the Integrated

Management of Cardiovascular Risk
3-Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reduc-
tase inhibitors (statins) are the most powerful agents for
treating plasma lipid abnormalities, and landmark clinical

trials have shown that these drugs (lovastatin, simvastatin,
and pravastatin) reduce morbidity and mortality in patients
at risk for cardiovascular disease [12#e,13-15]. In particular,
the benefit of statins has been demonstrated in a large group
of patients (> 30,000) with and without coronary artery dis-
ease and across a wide range of plasma cholesterol levels (210
to 310 mg/dL). This finding suggests that statins could result
in modulation of cardiovascular risk that extends beyond the
anatomic regression of the atherosclerotic lesions. In addi-
tion, both simvastatin and pravastatin have significantly
reduced the risk of acute cerebrovascular complications
(stroke and transient ischemic attacks) in patients with coro-
nary artery disease [13-15]. A recent report [16] has sug-
gested that, according to the results a retrospective analysis of
a large database, the risk of dementing illnesses can be signif-
icantly reduced in patients receiving statins.

During the past 2 to 3 years, researchers have reported
intriguing data [17] on the possibility that a significant pro-
portion of the beneficial effects of statins on preventing car-
diovascular events may result from therapeutic crossover in
patients with multiple risk factors [12ee,17]. In particular,
since the presence of plasma lipid abnormalities is common
in patients with high blood pressure, the therapeutic effect of
statins might be enhanced in patients in whom high choles-
terol levels are combined with hypertension. Unfortunately,
none of the large trials that assessed the clinical relevance of
statins in patients with and without cardiovascular diseases
have reported information on the extent of blood pressure
control. In addition, the samples from these same
studies were often poorly representative of the average hyper-
tensive population because the prevalence of the disease was
lower than that expected according to age and sex.

Experimental Evidence on the Role

of Statins in Blood Pressure Control

The first study to show the capacity of statins to interfere
with blood pressure control used Dahl salt-sensitive rats
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Table |I. Summary of the results of clinical studies investigating the effects of statins on blood pressure
control in different populations of normotensive and hypertensive patients

Study Patients

Variable Effects of statins

Sung et al. [23] Normotensive
Kool et al. [30]
Sartor et al. [44]
Antonicelli et al. [29]
D’Agostino et al. [27]
Straznicky et al. [25]

Normotensive
Normotensive
Normotensive

Lk
Treated hypertensive
Untreated hypertensive

Jarai et al. [24]
Abetel et al. [26]
Glorioso et al. [32¢]

Untreated hypertensive
Untreated hypertensive
Untreated hypertensive

Nazzaro et al. [45]
Velussi et al. [34]

Untreated hypertensive

Treated hypertensive and type
2 diabetic

Treated hypertensive1L

Treated hypertensive and type
2 diabetic

Borghi et al. [36°]
Tonolo et al. [33¢]

SBP response to stress Significantly reduced

Resting SBP Not significantly reduced
Resting SBP Unchanged

Resting SBP and DBP Unchanged

Resting SBP and DBP Unchanged

Resting SBP and DBP Unchanged

DBP response to A-ll, NE Significantly reduced

SBP response to A-ll, NE Unchanged

Resting SBP and DBP

Resting SBP and DBP

Resting SBP, DBP, and PP

MBP response to cold
pressure test

Resting SBP and DBP

Resting SBP and DBP

Significantly reduced
Significantly reduced
Significantly reduced
Significantly reduced

Significantly reduced
Significantly reduced SBP

Resting SBP, DBP, MBP, and PP
Resting SBP and DBP

Significantly reduced
Significantly reduced

“Well-controlled hypertension.
TUncontrolled hypertension.

blood pressure.

A-ll—angiotensin |l; DBP—diastolic blood pressure; MBP—mean blood pressure; NE—norepinephrine; PP—pulse pressure; SBP—systolic

[18], where lovastatin therapy attenuated the onset and
progression of hypertension and prevented renal injury.
These findings were confirmed in the same rat model with
the use of a different HMG-CoA reductase inhibitor, prav-
astatin [19¢], whose pharmacologic profile differs substan-
tially from that of lovastatin. The administration of
pravastatin in Dahl salt-sensitive rats prevented hyperten-
sion and reduced the degree of proteinuria and renal glom-
erular injury associated with hypertension, acting through
a mechanism that did not depend on the direct inhibition
of renal sodium reabsorption [19e].

Jiang and Roman [20] investigated the effects of statins
in spontaneously hypertensive rats (SHRs). They reported
that long-term lovastatin treatment (20 mg/kg of body
weight per day) in this non-salt-sensitive model of hyper-
tension shifts the relation between renal perfusion pressure
and sodium excretion toward lower blood pressure and
attenuates the development of hypertension and renal vas-
cular damage. The mechanism by which statins attenuate
the development of hypertension is still poorly under-
stood. In Jiang and Roman's study, the treated SHRs
showed a 33% reduction in plasma cholesterol levels, but
it remains unclear whether the effects of lovastatin on pre-
venting the blood pressure increase are directly or indi-
rectly related to its hypolipidemic effects.

The plasma lipid levels in SHRs are not elevated, and it
is not known whether a reduction in plasma cholesterol
levels from normal baseline levels affects the mechanisms
involved in blood pressure control. The most intriguing
hypothesis suggests that the antihypertensive effect of

statins in rat experimental models is related to the drugs'
ability to prevent renal vascular hypertrophy, thus improv-
ing the pressure-natriuresis relationship [20]. The effect of
statins would be largely independent of their lipid-lower-
ing activity and more directly related to their ability to
inhibit the synthesis of mevalonate, which is the precursor
of the synthesis of isoprenoids; the latter are deeply
involved in the post-translational isoprenylation of many
proteins that help control structure and function of vascu-
lar smooth muscle cells [21]. These data suggest a role for
statins per se in the modulation of the some of the mecha-
nisms responsible for the progressive increase and mainte-
nance of elevated blood pressure, and they clearly support
the possibility that statins may be involved in blood pres-
sure control regardless of their capacity to modulate
plasma lipid profile.

Statins and Blood Pressure

Control in Humans

In addition to what was described in the different experi-
mental models of arterial hypertension, the possibility that
statins can favorably affect blood pressure control has been
extended to humans (Table 1). In 1995, a retrospective
review of many different studies conducted with a variety
of lipid-lowering strategies [22] suggested that the reduc-
tion of plasma cholesterol in patients with hyperlipemia is
associated with a reduction in blood pressure that was clin-
ically significant (from 3 to 5 mm Hg in diastolic blood
pressure), directly related to the decrease in serum choles-
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Figure 2. Five-year changes in systolic blood pressure (SBP) (A) and diastolic blood pressure (B) in patients treated with low-cholesterol diet,
statins, and other lipid-lowering drugs (fibrates or cholestyramine) in the Brisighella Heart Study. *P < 0.05. TP < 0.05 versus diet.

*P < 0.05 versus other drugs.

terol levels, and larger in patients treated with statins. The
stronger evidence supporting the idea that long-term statin
treatment can reduce systemic blood pressure comes from
epidemiologic and clinical studies done mainly in high-
risk patients with hypertension and hypercholesterolemia
[23-26], although another study conducted in a compara-
ble group of patients did not confirm this finding [27]. In
normotensive subjects with high cholesterol levels, the
available clinical data do not support a significant effect of
statins on blood pressure [28-30], despite some significant
changes in the systemic hemodynamic profile [28]. As
expected, no clinical trials have studied patients with
hypertension and normal plasma cholesterol levels, prima-
rily because the approved use of statins is restricted to
patients with lipid abnormalities.

From the epidemiologic point of view, some intriguing
observations on statins and blood pressure control come
from the retrospective analysis of a subgroup of more than
1500 patients included in a larger database of the Bri-
sighella Heart Study [31]; this subgroup had high plasma
cholesterol levels (total cholesterol level > 239 mg/dL) and
at least one additional cardiovascular risk factor. These
patients were initially subdivided into four quartiles of sys-
tolic blood pressure and were treated with a low-choles-
terol diet for 6 months. After this period, patients who
were considered nonresponders to dietary treatment (total
cholesterol levels > 239 mg/dL) were prospectively allo-
cated to receive statin therapy (mainly simvastatin, 20 to
40 mg/d) or to receive other lipid-lowering drugs (fibrates
or cholestyramine) in a proportion of 1:2. All the patients
have been reevaluated every 6 months for a cumulative

period of 5 years to assess changes in lipid profile and
blood pressure control. After 5 years of treatment, the
patients taking lipid-lowering drugs showed a greater
decrease in systolic and diastolic blood pressure than
patients who continued to be treated with a low-choles-
terol diet (Fig. 2).

The blood pressure reduction, which was already sig-
nificant after 6 months of treatment, was restricted to
hypertensive patients whose systolic blood pressure was in
the higher two quartiles (>150 mm Hg). Among the sub-
group treated with lipid-lowering drugs, the blood pressure
decrease was significantly greater in patients receiving
statins; this decrease accounted for a larger proportion of
the cumulative hypotensive response in the patients receiv-
ing lipid-lowering drugs (Fig. 2). The effects of statins on
blood pressure were largely independent of the reduction
in plasma cholesterol levels. In addition, in the subgroup
treated with statins, only a weak and marginally significant
correlation (r = 0.16; P < 0.044) has been found between
the reduction in total plasma cholesterol level and the
decrease in systolic blood pressure.

Despite obvious limitations attributable to the observa-
tional nature of the Brisighella Heart Study, the data
strongly suggest that long-term treatment with lipid-lower-
ing drugs can improve blood pressure control in patients at
high risk for cardiovascular disease. Of interest, the effect
of statins on blood pressure seems to be limited to patients
with hypertension. This finding suggests that, as is seen
with most antihypertensive agents, statins may decrease
elevated but not normal blood pressure. These data agree
with those reported in normotensive persons [28-30] and
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Figure 3. Diastolic blood pressure modifica-
tions in response to pravastatin treatment in
patients with untreated arterial hypertension
and hypercholesterolemia. (Adapted from
Glorioso et al. [32e¢].)

further support the possibility that statins might exert their
favorable effects by counteracting some of the mechanisms
responsible for the development and maintenance
of hypertension.

The pivotal paper by Glorioso et al. [32¢¢] has better
defined the effects of statins on blood pressure. This dou-
ble-blind crossover study was specifically designed to
investigate the effects of pravastatin on resting and stimu-
lated (cold pressure test) systolic and diastolic blood pres-
sure of patients with untreated hypertension and high
cholesterol levels. After 8 weeks of a run-in period during
which patients received placebo and a low-cholesterol diet,
the hypertensive patients were randomly allocated to pla-
cebo or pravastatin (20 to 40 mg/d). After completion of
the double-blind phase of treatment, pravastatin decreased
systolic (Fig. 3), diastolic, and pulse pressure and blunted
the pressor response to the cold pressure test. The effects of
pravastatin on blood pressure control were independent of
adjustment for sex and age and were not related to baseline
plasma levels of LDL and HDL cholesterol. This study has
also excluded any possible interactions between statins
and another vasoconstrictive pathway—the endothelin sys-
tem; thus, it confirms the possibility that statins can signif-
icantly interfere with some of the basic mechanisms
responsible for blood pressure control.

In agreement with the previous finding of the Bri-
sighella Heart Study, the effects of statins on blood pres-
sure seem to be largely independent of the effect of the
drugs over the reduction in LDL or total cholesterol levels.
In particular, the results of a recent study that compared
simvastatin and cholestyramine in patients with type 2 dia-
betes [33¢] showed that although the two drugs were
equally effective in reducing total and LDL cholesterol lev-
els, only statins significantly decreased diastolic blood
pressure and 24-hour urinary albumin excretion. The rela-
tive independence of blood pressure reduction from the
lipid-lowering activity of statins can play a prominent role
in terms of cardiovascular protection: The therapeutic
impact of such compounds could be increased because

they can separately interact with two different targets of
cardiovascular prevention.

The favorable effects of statins on blood pressure have
also been confirmed in the high-risk population of
patients with type 2 diabetes and hypertension. Among
these patients, the combination of high blood pressure and
lipid abnormalities is responsible for a large increase in the
risk of cardiovascular complications. Atorvastatin at an
average dosage of 10 mg/d has been reported to improve
diastolic blood pressure control in these patients without
necessitating a change in the current antihypertensive treat-
ment [34e]. According to that study, blood pressure reduc-
tion was associated with an obvious improvement in lipid
profile (reduction in LDL cholesterol and an increase in
HDL cholesterol levels), and with a significant reduction in
microalbuminuria and plasma fibrinogen levels. These
changes largely contribute to the wide benefit reported in
large-scale trials of statins in patients with diabetes [13,14].

In addition to their ability to primarily modulate the
blood pressure in untreated hypertensive patients com-
pared with placebo or other lipid-lowering strategies
(cholestyramine or fibrates), statins have been reported to
improve blood pressure control in patients currently
treated with antihypertensive drugs. Sposito et al. [35¢]
first showed a positive interaction between simvastatin and
antihypertensive agents. These authors reported that the
concomitant administration of pravastatin or lovastatin
can significantly enhance the antihypertensive effect of
enalapril or lisinopril in a small group of patients with
hypertension and high serum total cholesterol levels. These
findings have been confirmed and extended by a study
conducted in our institution in a larger sample of patients
(n = 127) with poorly controlled hypertension and hyper-
cholesterolemia who received different antihypertensive
drugs [36ee]. In particular, our experience confirmed that
the extent of systolic and diastolic blood pressure response
to antihypertensive treatment can be significantly
enhanced by concomitant pravastatin or simvastatin
therapy (Fig. 4).
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In a separate stratifying analysis, we investigated the
extent of interaction between the changes in blood pres-
sure and the use of different classes of antihypertensive
drugs in the subgroup of patients treated with statins. This
retrospective analysis of data showed that the effects on
blood pressure control were enhanced in patients treated
with statins in combination with angiotensin converting
enzyme inhibitors and calcium channel blockers (Fig. 4),
whereas no significant interactions have been observed
with other widely prescribed antihypertensive drugs (eg, B-
blockers and diuretics). In patients treated with statins, a
slight but marginally significant correlation has been
observed between the decrease in diastolic blood pressure
and the decrease in both serum total cholesterol and LDL
cholesterol levels (r = 0.37, P = 0.043; r = 0.39, P = 0.041);
in contrast, no relationship has been found with changes
in systolic blood pressure.

These findings largely confirm those reported by most
of the clinical studies conducted in this field, and again
suggest that statins can specifically interact with some of
the mechanisms responsible for the blood pressure
increase. Because the extent of drug interaction seems to be
enhanced for drugs acting mainly at the level of the vascu-
lar wall (angiotensin converting enzyme inhibitors, cal-
cium channel blockers), we also suggest that statins may
significantly improve the capacity of some classes of drugs
to reduce the peripheral vascular tone and improve periph-
eral vasodilator capacity. This mechanism could be respon-
sible for a kind of “synergism” between different drugs
addressing the same target, with a great enhancement of
the therapeutic impact of each drug.

Statins and Blood Pressure Control:
Proposed Mechanisms of Interaction
Among the possible explanations for the effect of statins on
blood pressure control, the easier to invoke is the vasodila-
tory effect that could follow these drugs' capacity to improve
endothelium-dependent vasorelaxation [37,38]. Impaired
peripheral arterial compliance has been described in
patients with high serum cholesterol levels [39] and could
contribute to increased blood pressure. By reducing serum
cholesterol levels, statin treatment can increase arterial com-
pliance and thereby improve the vasodilator capacity of the
large arteries. This could contribute to the overall blood
pressure-lowering effect observed in many studies and, in
particular, could explain the reduction of pulse pressure val-
ues in patients receiving antihypertensive drugs plus statins.
In addition, statin treatment could promote upregulation of
vascular nitric oxide synthase [40e,41]. This upregulation
has been described in experimental conditions, particularly
with pravastatin and simvastatin, and could help modulate
the peripheral vascular tone regardless of the reduction in
plasma cholesterol levels [41].

An additional mechanism could reside in the capacity
of statins to blunt the vasoconstrictive and pressor

Bl LCD + statins + ACEI

Il LCD + statins + CCB
LCD + statins + other drugs
LCD alone

Decrease from baseline, %

Diastolic BP Total

cholesterol

Systolic BP

Figure 4. Changes in systolic and diastolic blood pressure (BP) and
total cholesterol in patients with hypertension who were treated with
low-cholesterol diet (LCD) and different classes of antihypertensive
drugs. Effects of the combination with statins. *P < 0.05. tP < 0.005
versus LCD. ACEl—angiotensin converting enzyme inhibitor; CCB—
calcium channel blocker. (Adapted from Borghi et al. [36¢].)

response to vascular agonists, such as angiotensin II and
norepinephrine [25,42e¢]; this might further help reduce
peripheral vascular tone. Of interest, all these conditions
could significantly increase the sensitivity of the vessel wall
to the vasodilating effect of drugs such as angiotensin con-
verting enzyme inhibitors, calcium channel blockers, and
angiotensin II receptor inhibitors. This would thereby pro-
vide a suitable explanation for the previously reported
pharmacodynamic interaction between statins and some
classes of antihypertensive drugs.

However, the most intriguing possible mechanism for
the effects of statins on blood pressure regulation is their
interaction with the activity of the renin-angiotensin-aldos-
terone system. In a seminal paper, Nickenig et al. [42e¢]
clearly showed that hypercholesterolemia is associated with
upregulation of vascular AT receptors, which could explain
the increased pressor reactivity to angiotensin II infusion
observed in this condition [41,42ee]. Statin can also
decrease the density of AT; receptors, thus explaining the
reduction in vascular sensitivity to angiotensin II and the
decrease in plasma levels of aldosterone [43] that has been
described in experimental conditions and that could help
reduce blood pressure. The downregulation of the number
and density of AT; receptors might have some important
pathophysiologic and clinical implications because it could
rapidly improve vascular relaxation, reduce blood pressure,
and prevent the progression of vascular hypertrophy and
atherosclerotic disease; as a result, the therapeutic impact of
any strategy designed to control blood pressure and plasma
lipids would be significantly increased.
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Taken together, these highly promising findings could
open a new scenario for cardiovascular prevention that is
based on the multiple interaction between drugs that focus
on the same target but act through different pathways.

Conclusions

In conclusion, the available information strongly supports
a role for statins in the regulation of arterial blood pressure
in patients with hypertension. The effects of statins on
blood pressure control seem to be partially independent of
their lipid-lowering activity and more strictly related to
their capacity to directly interact with some mechanisms
responsible for blood pressure regulation. If confirmed by
large-scale trials, these effects could significantly
strengthen the clinical impact of cardiovascular preven-
tion. Further data on this issue are warranted.
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