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Cardiovascular disease (CVD) remains the leading cause of death in
developed countries [1]. Hypertension and dyslipidaemia are two
major CVD risk factors highly prevalent either alone or in combina-
tion [2]. Hypertension often clusters with other CVD risk factors
associated with a markedly increased risk of CV events. The interac-
tion among CVD risk factors is such that the probability of a CV
event is frequently greater in patients with only moderate BP and
cholesterol abnormalities in the presence of additional risk factors
than in patients with isolated marked elevation in BP or cholesterol
levels alone [3]. In addition, the majority of CV events in the popula-
tion occur among individuals with modest levels of several risk fac-
tors rather than among those rare persons with extreme values of
one risk factor. A major aim of treating hypertension is a maximal
decrease in long-term total CV risk. This could only be achieved by
treatment of all reversible risk factors and associated conditions in
addition to treatment of raised BP per se.

Lipid abnormalities and hypertension
There is evidence that normotensive subjects with hypercholestero-
laemia have an excessive BP response to a mental arithmetic stress
test [4]. Furthermore, up to 40% of patients with essential hyperten-
sion and many patients with borderline hypertension already have
lipid abnormalities. An analysis of the Physicians’ Health Study pro-
spectively examined data from 3110 participants who were free of
hypertension, CVD, and cancer at baseline [5]. Over an average of 14
years of follow-up, approximately one third of the men developed
hypertension. Elevated levels of total cholesterol, non-HDL-choles-
terol, and the total cholesterol/HDL-cholesterol ratio were indepen-
dently associated with an increased risk of hypertension in middle-
aged and older men. Furthermore, higher levels of cholesterol were
associated with a higher risk of hypertension.

Genetic studies in humans and in animal models suggest that
a predisposition to the development of both hypertension and dys-
lipidaemia may result from the inheritance of shared genetic factors.

Effect of statins on BP in clinical studies
In addition to their beneficial effects on lipids, statins may reduce
systolic, diastolic, and mean arterial BP in normotensive, hypercho-
lesterolaemic [6] men and kidney transplant patients [7]. These ef-
fects were independent of their lipid actions.

The capacity of statins to lower BP has been reported to be
superior to that of other lipid-lowering drugs. In the Brisighela Heart
Study [8], a total of 1356 hypercholesterolaemic individuals were
randomly treated with a low-fat diet, cholestyramine, gemfibrozil or
simvastatin for 5 years. Participants were divided at baseline into
four quartiles based upon systolic BP. A significant decrease in BP
was observed in the two upper quartiles of systolic BP, and was
greater in subjects treated with lipid-lowering drugs. In particular,
the BP reduction was greater in patients treated with a statin de-
spite a comparative reduction in LDL-cholesterol (reduction by 13%
in both systolic and diastolic BP at the highest quartiles after 5 years
of treatment with a statin as compared with 10% after treatment
with non-statin drugs).

The BP-lowering effect of statins is not consistent. Milionis et
al. [9] summarised, in an elaborate review of the available data
regarding the BP-lowering effect of statins, the effect of statin treat-
ment on BP. This review included studies within a broad spectrum of
patients (normotensives, hypertensives, individuals with normal lip-
ids and dyslipidaemia, diabetic patients) published up to 2005. The
effect on BP varied from neutral to most favourable (D systolic BP 8–
–13 mm Hg; D diastolic BP 5–7.8 mm Hg).

A meta-analysis of all studies that reported BP data during treat-
ment with statins was published recently [10]; 20 randomised con-
trolled trials (828 patients) published up to 2005 were included. The

duration of the studies ranged from one to 12 months. Systolic BP was
significantly lower in patients on statins than in those on placebo or a
comparative lipid-lowering drug (mean difference: –1.9 mm Hg; 95%
CI: –3.8 to –0.1). The effect was greater when the analysis was restric-
ted to studies with a baseline systolic BP > 130 mm Hg (D systolic BP
–4.0 mm Hg; 95% CI: –5.8 to 2.2). There was a trend for lower diastolic
BP in patients receiving statin therapy compared with controls: –0.9
mm Hg (95% CI: 2.0 to 0.2) overall, and –1.2 mm Hg (95% CI: –2.6 to
0.1) in studies with a baseline diastolic BP > 80 mm Hg.

Reduction in BP due to statin therapy:
pathophysiological mechanisms
Statins induce consistent and predictable reductions in circulating
LDL-cholesterol and triglycerides, and have a small effect on HDL-
-cholesterol. In addition, these agents exhibit ancillary actions which
have been attributed to reductions in isoprenoid cholesterol inter-
mediates and reductions in dolichols, geranylgeranoic acid, and
farsenylfarsenoic acid. It can be hypothesised that these actions may
provide a pleiotropic mechanism by which statins exert actions on
BP as well as target organ damage associated with hypertension.
Statins improve endothelial function by increasing the bioavailability
of NO, promoting re-endothelialisation, reducing oxidative stress,
and inhibiting inflammatory responses [11]. Increased angiotensin II
sensitivity predisposes to hypertension and plaque instability. It has
been reported that the increased sensitivity to angiotensin II in
healthy young subjects with isolated hypercholesterolaemia can be
partly restored by therapy to reduce the levels of LDL-cholesterol
using statins. There is evidence that statins downregulate AT1-recep-
tor expression [12]. There is also some evidence that statins may
reduce the levels of circulating aldosterone [13].

Renal function, hypertension, lipids and statins
Recent clinical trials have demonstrated that aggressive treatment
with statins improves serum creatinine, glomerular filtration rate
and urate levels [14, 15]. This effect is probably another conse-
quence of improved blood flow following treatment with statins.
The effect of statin use on the development of renal dysfunction
was examined in 197,551 patients (Department of Veterans Affairs,
Veterans Integrated Service Network [16]). The odds for developing
renal dysfunction were decreased by 13% in statin users [16]. The
beneficial effect of statins in preventing the development of renal
dysfunction seems to be independent of their lipid-lowering effect.

Statins and BP: implications of large clinical outcome trials
Treatment of hypertension is associated with a reduction in stroke
and, to a lesser extent, coronary events. It is also well known that
elevated serum total cholesterol significantly increases CHD risk.
Therefore, it is logical that co-existing vascular risk factors, including
abnormal lipid profiles, should be an integral part of hypertension
management.

Statins were prescribed for a long time to various subgroups
in large landmark primary and secondary prevention trials. The over-
all benefit in CVD risk reduction was similar among hypertensive and
normotensive individuals. Although a sizeable number of hyperten-
sive subjects were included among these studies, there are no data
as to whether statin treatment produced any significant BP reduc-
tions. However, we should keep in mind that 1) the effect of statin
treatment on BP was not included in the study design; 2) the inclu-
sion of large numbers of normotensive participants could have at-
tenuated any beneficial effect on BP, which could have also been
masked by 3) the use of specific antihypertensive therapy. Only
statins within the class of lipid-lowering agents have been shown to
induce a consistent 20–25% reduction in the risk of stroke or tran-
sient ischaemic attacks [17].
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The benefit of lowering both BP and cholesterol was evalua-
ted in two large-scale trials, ALLHAT [18] and ASCOT-LLA [19].

Part of ALLHAT was designed to determine whether pravasta-
tin compared with usual care would reduce all-cause mortality in
10,355 patients with hypertension and moderate hypercholestero-
laemia, plus at least one additional CHD risk factor [18]. At four
years total cholesterol was reduced by 17.2% with pravastatin vs.
7.6% with usual care. All-cause mortality was similar in the two
groups, and CHD event rates were not different between the two
groups; six-year CHD event rates were 9.3 (pravastatin) and 10.4
(usual care). These results could be attributed to the small difference
in total cholesterol (9.6%) and LDL-cholesterol (16.7%) between
pravastatin and usual care compared with other statin trials. Adher-
ence to the treatment assigned declined over time. For those as-
signed to pravastatin, adherence dropped from 87.2% at year 2 to
80% at year 4, and 77% at year 6, although the number of partici-
pants was small. On the other hand, in the usual care group, cross-
overs to statin treatment increased from 8% at year 2 to 17% by
year 4. This increase continued at year 6, but the number of partici-
pants was small.

In the ASCOT-BPLA trial [20], 19,342 men and women with
hypertension and at least three other CV risk factors were ran-
domised to amlodipine (5–10 mg/d) ± perindopril (4–8 mg/d) or to
atenolol (50–100 mg/d) ± bendroflumethiazide (1.25–2.5 mg/d). A
total of 10,305 of these patients with normal or slightly elevated
total cholesterol were randomised to atorvastatin 10 mg/d or place-
bo [19]. The atorvastatin arm was stopped prematurely at 3.3 years
due to a significant reduction in the primary endpoint (–36%; p =
= 0.0005). The benefit of atorvastatin treatment was apparent with-
in the first year of treatment. Fatal/non-fatal stroke and total CV/
/coronary events were also reduced with atorvastatin. At one year,
atorvastatin reduced total cholesterol by 24% and LDL-cholesterol
by 35%. However, in the period between 6 weeks and 18 months, a
significant 1.1/0.7 mmHg difference in BP was seen in favour of
atorvastatin despite titration of doses and numbers of drugs. Over-
all, amlodipine-perindopril therapy was superior to atenolol-ben-
droflumethiazide therapy [20], and a recent analysis of early mono-
therapy data comparing amlodipine with atenolol has suggested a
positive interaction between atorvastatin and amlodipine [21].

The latest meta-analysis so far of large clinical trials, including
only those with more than 1000 patients followed for more than 2

years, was published by Messerli et al. [22]. Beside ASCOT-LLA and
ALLHAT-LLT, 12 trials enrolling 69,284 patients met the inclusion
criteria. Overall, in these 12 trials, statin therapy decreased cardiac
death by 24% (RR 0.76; 95% CI 0.71–0.82). There was no evidence
of a difference in RR estimates for hypertensive and normotensive
patients. In conclusion, statin therapy effectively decreased CV mor-
bidity and mortality to the same extent in hypertensive and normo-
tensive patients.

Compliance with antihypertensive
and lipid-lowering treatment
The critical issue of any long-term medication is adherence, which
varies according to diagnosis. Real-world compliance rates tend to
average between 50 and 60%, but they can be much lower. The
compliance rate for antihypertensive medication, as reported by the
US National Council on Patient Information and Education, is 53%.
In a retrospective cohort study [23], adherence to medication was
analysed in 8406 enrolees in a US managed care plan which initiated
treatment with antihypertensive and lipid-lowering drugs within a
90-day period. Adherence to concomitant antihypertensive and lip-
id-lowering therapy is poor, with only 35.9% of patients adherent to
both medications at 6 months. A single pill containing an antihyper-
tensive and lipid-lowering compound may increase patient adher-
ence to these medications and thus improve the simultaneous man-
agement of hypertension and dyslipidaemia, which may also im-
prove clinical outcome [24].

Conclusions
The 2007 ESH/ESC guidelines for the management of arterial hyper-
tension [25] recommend considering lipid-lowering agents in all
hypertensive patients with established cardiovascular disease or with
Type-2 diabetes, aiming at serum total and LDL-cholesterol levels of
< 4.5 mmol/ (175 mg/dl) and < 2.5 mmol/l (100 mg/dl), respective-
ly, or lower, if possible.

In view of the results of the ASCOT trial [19], it seems reason-
able to consider statin therapy in hypertensive patients aged less
than 80 years who have an estimated 10-year risk of cardiovascular
disease ≥ 20% or of cardiovascular death (based on the SCORE
model) of 5% or more. Target levels should be serum total cholesterol
and LDL-cholesterol levels of < 5 mmol/l (190 mg/dl) and < 3 mmol/l
(115 mg/dl), respectively.
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