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Abstract
Treating blood pressure (BP) alone may provide only limited benefits while it is recommendable to manage the total car-
diovascular risk. To date, several studies have shown that concomitant treatment of hypertension and dyslipidemia with 
non-pharmacological approaches and/or metabolically neutral antihypertensive drugs and statins produce a significantly 
greater reduction of the risk of developing cardiovascular disease. Thus, in this review article, we summarize the available 
evidence regarding non-pharmacological and pharmacological approaches with a favourable effect on both BP and lipids.
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1 Introduction

According to the latest estimates of the World Health Organ-
ization (WHO), hypertension is a highly prevalent risk fac-
tor for the development of cardiovascular disease, affecting 
1.13 billion people in the world [1].

Even though hypertension per se has been acknowledged 
as a leading cause of death and disease burden, hypertensive 
patients with additional cardiovascular risk factors exhibit 
even higher morbidity and mortality rates [2]. In this regard, 
the INTERHEART study has recently showed that single 
risk factors increase the total cardiovascular risk from 2- to 
3-fold, while the coexistence of hypertension, type 2 dia-
betes mellitus, dyslipidemia and smoking in the same indi-
vidual can result in a > 20-fold increase in risk compared to 
patients only affected by hypertension [3]. Based on these 
observations, treating blood pressure (BP) alone may pro-
vide only limited benefits while it is recommendable to man-
age the total cardiovascular risk. Several studies have shown 
that concomitant treatment of hypertension and dyslipidemia 
with non-pharmacological approaches and/or metabolically 

neutral antihypertensive drugs and statins produce a signifi-
cantly greater reduction of the risk of developing cardiovas-
cular disease [4, 5]. Thus, in this review article, we summa-
rize the available evidence regarding non-pharmacological 
and pharmacological approaches with a favourable effect on 
both BP and lipids.

2  Diet and Lifestyle

Based on the recommendations of the European Society of 
Cardiology/European Society of Hypertension (ESC/ESH) 
guidelines, the treatment of hypertension first involves 
lifestyle interventions, such as sodium restriction, alcohol 
moderation, regular exercise and weight control [6]. Most 
of these recommendations overlap with those of the Euro-
pean guidelines for the management of dyslipidaemias, that 
advise to reduce the dietary intake of saturated fatty acids, 
increase the daily consumption of wholegrain product, veg-
etables, fruit and fish, and practice aerobic physical activity 
for 3.5–7 h per week [7].

In the last decades, the role of nutrition in cardiovascu-
lar prevention has been extensively investigated. Dietary 
patterns that have been more extensively evaluated are the 
Dietary Approaches to Stop Hypertension (DASH) diet and 
the Mediterranean diet, that recommend higher intakes of 
fruits, vegetables, whole grains, nuts and legumes, low-fat 
dairy and lower amounts of processed meats and sweetened 
beverages, with beneficial effect on both blood lipids and 
BP [8, 9].
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Overall, available evidence reinforces the concept that 
complete eradication of animal products is not necessary 
for BP reduction and serum lipids control, and also adds 
that dietary salt reduction is a powerful tool in adjunct with 
increased plant-food consumption [10, 11].

Combining data from the available literature, a low-salt 
energy-restricted Mediterranean diet should be considered 
for patients affected at the same time by high BP and hyper-
cholesterolemia before either starting pharmacological treat-
ment or increasing the number of lipid-lowering and/or anti-
hypertensive drugs [12].

3  Nutraceuticals with Both 
Antihypertensive and Lipid‑Lowering 
Effects

A large and growing body of evidence supports the poten-
tially protective role in cardiovascular prevention of specific 
foods and bioactive molecules from natural sources [13, 14].

In the last years, the Italian Society of Hypertension 
(SIIA) and ESH published statements summarizing the 
best available evidence of efficacy for nutraceuticals with 
proved BP-lowering effect [15, 16]. In addition, the Lipid 
and Blood Pressure Meta-analysis Collaboration Group and 
the International Lipid Expert Panel (ILEP) released a posi-
tion paper endorsed by a number of European lipid societies 
with the aim to provide consensus-based recommendations 
for the optimal use of nutraceuticals in the management of 
dyslipidaemias [17].

In the following sub-paragraphs, the attention of the 
review has been focused on food components and natural 
bioactive substances with both lipid- and BP-lowering effect 
[18].

3.1  Berberine

Berberine is an alkaloid from different species of plants that 
acts maily reversibly inhibiting the proprotein convertase 
subtilisin/kexin type 9 (PCSK9) [19, 20], but also reducing 
the absorption of cholesterol in the intestine, increasing its 
excretion and promoting the formation of new bile acids 
[21]. In addition, berberine reversibly inhibits the nicoti-
namide adenine dinucleotide phosphate (NADPH) oxidase-
mediated oxidative stress and activates 5´ AMP-activated 
protein kinase (AMPK), and consequently leads to a reduced 
expression of lipogenic genes, contributes to an increased 
oxidation of fatty acids, ameliorates insulin-sensitivity and 
relieves BP levels [22, 23].

The berberine lipid-lowering effect was confirmed in 
humans by a recent meta-analysis including 16 clinical tri-
als with 2147 participants [24]. Berberine supplementation 
was effective in improving serum levels of total cholesterol 

(TC: – 0.47 mmol/L, 95% Confidence Interval (CI): 
– 0.64, – 0.31, P < 0.00001), LDL-C (– 0.38 mmol/L, 95% 
CI – 0.53, – 0.22, P < 0.00001), triglycerides (TG: – 0.28 
mmol/L, 95% CI – 0.46, – 0.10), P = 0.002) and high-density 
lipoprotein cholesterol (HDL-C: 0.08 mmol/L, 95% CI 0.03, 
0.12, P = 0.001).

The evidence on the BP-lowering effect in humans fol-
lowing supplementation with berberine is less solid and limit 
to single small clinical trials. To date, no meta-analyses has 
investigated the effect on BP levels of berberine alone. On 
the other hand, a number of meta-analyses and large clinical 
trials have aimed to assess the effect of the supplementation 
with nutraceutical compounds containing berberine (e.g. 
Armolipid  Plus®) on BP and high BP complications [25]. 
Mazza et al. found that a nutraceutical compound contain-
ing 3 mg monacolin K, 500 mg berberine, 30 mg coenzyme 
Q10,00 mcg folic acid and 40 mg chrome was effective in 
preventing the progression to overt hypertension in a cohort 
of 131 patients with pre-hypertension on a 3-month period 
follow-up [26]. In another multicenter, randomized, double-
blind, placebo controlled clinical trial enrolling 150 patients 
with metabolic syndrome and increased left ventricular mass 
(LVM), a nutraceutical combination of berberine, red yeast 
rice extract and policosanols was shown to reduce LVM 
compared to the baseline (– 2.7%, P-value < 0.0001) and 
the placebo (– 4.1%, P-value < 0.0001) [27].

Based on the pooled available evidence, the use of ber-
berine is indicated both in primary and secondary prevention 
for cardiovascular disease, especially in slightly/moderately 
hypercholesterolemic patients with high BP levels. The dos-
ages used in clinical practice vary from 500 to 1500 mg/day, 
with good efficacy on inflammatory markers and tolerable 
side effects [28].

3.2  Coenzyme Q10

CoQ10 is a potent lipid phase antioxidant, particularly 
concentrated in fish red meat. At molecular level, CoQ10 
reduces the oxidation of low-density lipoproteins (LDL) 
and the oxidative stress. CoQ10 is also a co-factor and co-
enzyme in mitochondrial oxidative phosphorylation, contrib-
uting to modulate BP and being often reduced in hyperten-
sive patients [29]. In the past decade, a number of controlled 
clinical trials sustained the BP and lipid-lowering effect of 
CoQ10 supplementation, alone or in addition to other natu-
ral substances [30, 31]. A meta-analysis of 17 randomized 
controlled clinical trials (648 participants overall) showed 
that CoQ10 significantly decreased SBP (standardized mean 
difference (SMD): – 0.3, 95% CI – 0.52, – 0.08) without 
affecting DBP in patients with metabolic syndrome [32]. 
In addition, a number of meta-analyses showed promising 
effects of CoQ10 supplementation on lowering serum lipids 
levels among patients with metabolic disorders of affected 
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by coronary artery disease [33–35]. To date, the main issue 
of CoQ10 use is related to its low bioavailability in humans, 
that could be improved by the use of CoQ10 nanoemulsion 
[36].

3.3  Green Tea

Green tea extract is particularly rich in polyphenols, includ-
ing the epigallocatechin-3-gallate (EPCG), a flavan-3-ol 
with powerful cardioprotective and antioxidant activi-
ties. The antioxidant activity of the EPCG is responsible 
for the green tea effect on reducing the lipid peroxidation 
and the number of oxidized LDL (oxy-LDL). In addition, 
green tea is an activator of AMPK, inhibits the β-Hydroxy 
β-methylglutaryl-CoA (HMG-CoA) reductase and interferes 
with the micellar solubilization and absorption of endog-
enous cholesterol. Finally, catechins seem to enhance the 
expression of hepatic LDL-receptor (LDL.R) and increase 
the biliary excretion of cholesterol [37, 38].

A meta-analysis of 10 randomized controlled clinical 
trials has recently revealed that tea consumption associ-
ates with improvement in LDL-C (SMD: – 0.63, 95% CI 
– 1.06, – 0.2, P-value = 0.0057) and DBP (SMD: – 0.89, 
95% CI – 1.73, – 0.05, P-value = 0.0388) with a trend 
toward decrease in SBP (SMD: – 0.83, 95% CI – 1.75, 0.09, 
P-value = 0.769) [39]. Over the years, green tea has also been 
associated to improvements in endothelial function and arte-
rial stiffness [40, 41], and to a significant decrease in the risk 
of morbidity and mortality for cardiovascular disease [42].

3.4  Cocoa

An updated Cochrane meta-analysis of 20 double-blind, 
placebo-controlled randomized clinical trials involving 856 
mainly healthy participants revealed a statistically significant 
BP reducing effect of flavanol-rich cocoa products in short-
term trials of 2–18 weeks duration [43]. The meta-analysis 
pooled data from clinical trials that provided participants 
with a daily average 545.5 mg flavanols in 3.6–105 g of 
cocoa products per day, and found impressive effect sizes on 
SBP and DBP (SBP: MD: – 2.8 mmHg, 95% CI – 4.7, – 0.8 
mmHg, P = 0.005; DBP: MD: − 2.2 mmHg, 95% CI – 3.5, 
– 0.9 mmHg, P = 0.006). More recently, another meta-anal-
ysis of 8 randomized controlled clinical trials and 433 par-
ticipants with diabetes found that cocoa consumption exerts 
a significant reduction in LDL-C levels (SMD: – 15.49 mg/
dl, 95% CI – 24.56, – 6.42, P = 0.001) [44].

Dark chocolate flavanols increase NO bioavailability, 
protect vascular endothelium, and modulate a number of 
risk factors for the development of cardiovascular disease 
[45, 46]. The final evidence on the benefit of cocoa poly-
phenols in improving cardiovascular health and prevent-
ing cardiovascular disease will be provided by the ongoing 

study, coordinated by the Department of Epidemiology of 
the Brigham and Women University, Boston, US and sup-
ported by MARS Symbioscience. This study is investigating 
18.000 individuals randomized either to placebo capsules or 
to the isolated cocoa extract with a 4 year long follow-up, in 
order to evaluate the effect of cocoa flavanoids in reducing 
the risk of major cardiovascular events [47].

3.5  Aged Garlic Extract

Garlic-derived polysulfides (in particular S-allylcysteine) 
enhance the regulation of endothelial NO, inducing vaso-
dilation and BP reduction [18]. Aged dry garlic extract has 
also calcium channel blocking and angiotensin-converting 
enzyme (ACE) inhibitory activity, reduces sensitivity to 
catecholamines, increases bradykinin and NO, and finally 
improves arterial compliance [48].

Pooling data from 12 clinical trials and 553 hyperten-
sive patients, a meta-analysis has recently confirmed that in 
humans aged garlic extract lower SBP by 8.3 ± 1.9 mmHg 
and DBP by 5.5 ± 1.9 mmHg, and found that this reduc-
tion in BP associates with a 16–40% reduction in the risk 
of developing cardiovascular events [49]. Moreover, garlic 
extract seems to have mild though clinically significant 
antiaggrengant and lipid-lowering actions [50, 51]. One 
of the latest meta-analyses on this issue included 39 rand-
omized controlled clinical studies and 2300 adults treated 
with aged garlic extract for at least 2 weeks [52]. This meta-
analysis confirmed that aged garlic extract was effective in 
reducing total cholesterol (TC) and LDL-C by 10% when 
the supplementation was continued for at least 2 months and 
the concentrations of cholesterol were slightly elevated at 
baseline. Another meta-analysis of 6 randomized controlle 
clinical trials found that garlic extract exert had significant 
effect on TC also in patients with CAD (WMD: – 16.32 mg/
dL, 95% CI – 31.22, – 1.43, P-value = 0.032) [53].

4  Anti‑hypertensive Drugs with Effect 
on Serum Lipids

Some antihypertensive drugs have a neutral or beneficial 
effect on the lipid profile, while others have an adverse effect 
that is not necessarily outweighed by the beneficial clinical 
effects of BP-lowering on cardiovascular risk. Drug-induced 
changes in lipid levels may be particularly important in 
hypertensive patients since up to 45% of untreated patients 
with primary hypertension are also affected by lipid abnor-
malities a priori, such as high serum levels of LDL-C [54].

To date, there is general consensus that thiazide diuret-
ics and nonselective β-blockers adversely affect lipid levels, 
but many areas of disagreement exist about the effects of 
other antihypertensive agents on lipids. This disagreement 
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is partially due to the impossibility of judging the results 
from clinical trials with heterogeneous designs and that have 
been carried out on different study population cohorts. How-
ever, metabolic effects of antihypertensive drugs are of great 
importance in long-term treatment of hypertension, as the 
Oslo Study clearly confirmed [55].

4.1  Anti‑hypertensive Drugs with Beneficial 
or Neutral Effect on Lipids

Through the investigation of the effects of 85 antihyper-
tensive drugs on lipids and BP in over 65.000 patients, the 
meta-analysis by Kasiske et al. [56] found that β-blockers 
with intrinsic sympathomimetic activity and cardioselectiv-
ity favorably affected serum lipids through reducing both 
TC (– 0.14 mmol/L, 95% CI  – 0.24, – 0.04 mmol/L) and 
LDL-C (– 0.17 mmol/L, 95% CI  – 0.28, – 0.07 mmol/L); 
α-blockers beneficially affected TC (– 0.23 mmol/L, 95% 
CI  – 0.28, – 0.18 mmol/L), LDL-C (– 0.20 mmol/L, 
95% CI  – 0.25, 0.15 mmol/L), TG (– 0.07 mmol/L, 95% 
CI  – 0.11, – 0.03 mmol/L), and, in younger individuals, 
HDL-C (0.02 mmol/L, 95% CI  0.01, 0.04 mmol/L). ACE 
inhibitors reduced TG (– 0.07 mmol/L, 95% CI  – 0.12, 
– 0.02 mmol/L), and, in diabetics, TC (– 0.22 mmol/L, 95% 
CI  – 0.34, – 0.10 mmol/L). Direct vasodilators reduced 
TC (– 0.22 mmol/l, 95% CI  – 0.30, – 0.10 mmol/L) and 
LDL-C (– 0.22 mmol/L, 95% CI  – 0.29, – 0.11 mmol/L) 
and increased HDL-C (0.06 mmol/L, 95% CI  0.02, 0.09 
mmol/L).

Finally, the thiazides-like diuretic indapamide does not 
have any impact on serum lipids and lipoproteins [57].

4.2  Anti‑hypertensive Drugs with Negative Effect 
on Lipids

According to available evidence from early controlled clini-
cal trials, diuretics were believed to increase TG and TC 
on average by 30% and 6–8% respectively, with a nega-
tive impact also on LDL-C and very LDL-C (VLDL-C). 
β-1 selective and nonselective β-blockers were believed to 
increase TG by 30% and lower HDL-C by 5–15% [58].

Although in past decades findings from several ran-
domised, controlled clinical trials corroborated the hypoth-
esis that antihypertensive drugs may influence serum lipid 
levels, in general population no significant association for 
single antihypertensive drug was observed over time, except 
for the combination of a beta-blocker and a diuretic associ-
ated to higher lipids levels [59].

The above large meta-analysis by Kasiske et al. concluded 
that, in absence of statin treatment, patients using beta-
blockers had lower HDL-C concentrations and higher cho-
lesterol ratios than untreated hypertensives, while patients 
on diuretics had higher TC and HDL-C levels compared 

to untreated hypertensives. However, after adjustment for 
potential confounders, these differences were smaller and 
the effect size on HDL-C for users of both beta-blocker and 
diuretic only persisted [57].

Data from the Framingham Heart Study suggest that for 
the same amount of BP reduction, BP-lowering agents that 
have a negative impact on serum lipids cause less reduction 
in the risk of cardiovascular disease [56]. Actually, this may 
at least partially explain why prospective clinical trials with 
diuretics and β-blockers failed to prove to reduce the inci-
dence of cardiovascular events as much as would have been 
expected based on the BP reduction [56].

Even though the persistence of prespecified lipid changes 
during extended therapy is unresolved due to fragmentary 
observations, considerable data suggest that it continues on 
the long term [58].

5  Lipid‑Lowering Drugs with Effect on Blood 
Pressure

Indirect evidence from several clinical trials investigating 
lipid-lowering regimens suggests that lowering choles-
terol may simultaneously reduce BP by 2–5 mmHg [60]. 
The mechanism Most of these observations refer to clinical 
studies testing traditional lipid-lowering drugs [i.e. statins 
and omega-3 polyunsaturated fatty acids (PUFAs)], while 
evidence from the emerging drugs are few and definitely 
inconsistent. Based on the available evidence, ezetimibe and 
bempedoic acid seem not to exert any clinically relevant 
effect on BP [61, 62]. In addition, according to the results of 
a meta-analysis from the Cochrane Collaboration’s Group, 
treatment with PCSK9 inhibitors alirocumab and evo-
locumab has no significant effect on the risk of new onset 
of hypertension (alirocumab: OR: 0.92, 95% CI  0.72, 1.18 
versus placebo, and OR = 1.01, 95% CI  0.57, 1.79 versus 
other comparator; evolocumab: OR = 1.51, 95% CI  0.06, 
37.04 versus comparator) [63].

5.1  Statins

Among the first observations regarding that the addition of 
statin treatment to conventional antihypertensive therapy 
might improve BP control in hypertensive patients with 
hypercholesterolemia, there are those from the Brisighella 
Heart Study (BHS) group [64]. Then, the University of 
California San Diego (UCSD) Statin Study prospectively 
evaluated the impact of statins on BP in 1016 patients with 
increased levels of serum cholesterol [65]. This study was 
one of the first large randomized clinical trials on the topic 
and provided evidence that there was a significant decrease 
in BP with statin therapy compared to placebo, even though 
the effect on DBP in the simvastatin group and the effect 
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on SBP in the pravastatin group disappeared in a 2-month 
period.

The effect on BP of statins—as suggested by the available 
literature- is dependent upon well-known and recognized 
mechanism [66]. As a matter of fact, statins up-regulate 
the expression and activity of endothelial nitric oxide syn-
thase (eNOS) through the activation of phosphatidylinositol 
3-kinase, the inhibition of geranylgeranylation of the small 
G-protein Rho, and of vascular Rac1-mediated activation 
of NADPH-oxidase [67–69]. In addition, statins have also 
been found to down-regulate the expression of  AT1 receptors 
for angiotensin-II and to inhibit several angiotensin II–acti-
vated intracellular signaling systems, delay hypertension-
induced vascular alterations, reduce large artery stiffness, 
and improve systemic arterial compliance [70].

According to a meta-analysis pooling data from 20 con-
trolled clinical trials and 828 patients with and without 
hypertension, the antihypertensive effect of statins seems 
to be more pronounced when the mean pre-treatment SBP 
is > 130 mmHg [60]. The meta-analysis also provided evi-
dence that in statin-treated patients seems to be a tendency 
toward decrease in DBP (mean difference 0.9 mmHg, 95% 
CI  2.0, 0.2 compared with controls), with the greatest 
improvement that has to be expected in patients with base-
line DBP > 80 mmHg. Based on these evidences, the impact 
of statins on BP should to be considered as dependent on 
the initial BP values, and a greater antihypertensive effect 
should be expected for higher initial values of BP.

More recently, a meta-analysis of 5 randomized con-
trolled clinical trials testing rosuvastatin, demonstrated a 
modest—though significant- improvement in DBP (– 2.12 
mmHg, 95% CI  – 3.72, – 0.52) and a trend toward improve-
ment in SBP (– 2.27 mmHg, 95% CI − 4.75 to 0.25) in 
hypertensive patients. This has corroborated the hypothesis 
that also treatment with rosuvastatin is beneficial to control 
hypertension and, consequently, contribute toward reducing 
the risk of cardiovascular events in patients with dyslipi-
demia and hypertension [71].

Over the years, all these evidence raised some concerns 
as regard the risk of adverse events related to effect of statins 
on BP. Then, 5.9 million clinical reports submitted to FDA 
Adverse Events Reporting System (FAERS) from 2004 to 
2015 were retrieved and reviewed [72]. By the comparison 
of the reporting rate of hypotension event, atorvastatin and 
simvastatin were found to be significantly associated with 
reduction in BP (atorvastatin: pooled ROR = 1.26, adjusted 
P-value = 8.60 × 10 –4;  simvastatin: pooled ROR = 1.94, 
adjusted P-value = 4.16 ×  10 –45). On the other hand, the 
association between rosuvastatin and hypotension was 
proved to be nonsignificant (adjusted P-value = 0.65).

In the future, further studies evaluating the magnitude 
of the antihypertensive effects of statins should: not change 
the dosages of the antihypertensive drugs during the study, 

consider BP changes as one of the primary endopoints, use 
24-h ambulatory monitoring (ABPM) measurements to 
accurately determine the extent and duration of antihyper-
tensive effects, evaluate the effect of statins on specific sub-
group of hypertensive patients (e.g., dippers vs. nondippers), 
assess the effects of different statin dosages and determine 
the onset and duration of antihypertensive actions of statins.

5.2  Omega‑3 PUFAs

The dietary intake of omega-3 PUFAs has been inversely 
associated with cardiovascular disease morbidity and mor-
tality in several epidemiological studies. Recent evidence 
suggests that this protective effect is—at least in part—medi-
ated by a relatively small though significant decrease in BP 
[73]. Actually, omega-3 PUFAs exhibit wide-ranging bio-
logical actions that include regulating both vasomotor tone 
and renal sodium excretion, partly competing with omega-6 
PUFAs for common metabolic enzymes and thereby 
decreasing the production of vasoconstrictor rather than 
vasodilator and anti-inflammatory eicosanoids. PUFAs also 
reduce Tumor Growth Factor-beta (TGF-beta) expression, 
angiotensin II formation and angiotensin-converting enzyme 
(ACE) activity, activate the parasympathetic nervous system 
and enhance endothelial nitric oxide (NO) generation. The 
final results are improved vasodilation and arterial compli-
ance of both large and small arteries [73].

Following early observations suggesting a possible anti-
hypertensive effect of omega-3 PUFAs in humans [74], their 
effect on BP was investigated in several observational and 
prospective clinical studies. Most of these studies used fish 
oil as a source of omega-3 PUFAs, and enrolled healthy nor-
motensive subjects and patients with dyslipidemia, hyper-
tension, diabetes or obesity. Many of these clinical trials 
examined the effects of omega-3 PUFAs on BP by the use 
of the 24-h ABPM [75–77].

Over the last decades, prospective studies on the topic 
have been included in a number of systematic reviews and 
meta-analyses. Early findings supported the BP-lowering 
effect of omega-3 PUFA only in hypertensive patients 
[78–80]. More recently, another meta-analysis pooled data 
from 17 randomized controlled clinical trials and 1524 nor-
motensive and hypertensive subjects treated with 0.8–13.3 g/
day fish oil for 8–56 weeks [81]. According to the findings 
of this meta-analysis, fish oil do not exert any effect on BP 
in normotensive subjects, whereas BP mildly decreases in 
patients with hypertension (– 2.6 mmHg in SBP and − 1.5 
mmHg in DBP), without any dose-related trend.

The last comprehensive systematic review and meta-
analysis on the effects of omega-3 PUFAs on BP was pub-
lished by Miller et al. and includes data from 70 randomized 
controlled clinical trials, testing an average daily dose of 
3.8 g omega-3 PUFA and considering a 3-month average 
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follow-up [82]. Decrease in BP induced by omega-3 PUFA 
resulted to be statistically significant in both hypertensive 
(SBP: – 4.5 mmHg, 95% CI  – 2.8, – 6.1; DBP: – 3.0 mmHg, 
95% CI  – 1.7, – 4.3) and normotensive (SBP: – 1.2 mmHg, 
95% CI  – 0.5, – 2.0; DBP: – 0.6 mmHg, 95% CI  0.0, – 1.2) 
individuals, though it was clinically relevant only in the for-
mer group. In agreement with previous meta-analyses, no 
dose–response relationship was observed.

Current evidence supports the hypothesis that omega-3 
PUFAs significantly decreases the BP levels only in hyper-
tensive patients and that they might prevent the development 
of new-onset hypertension, with potentially great implica-
tions for the clinical management of the patients with hyper-
tension or at high risk for it. The effect of omega-3 PUFAs 
on BP is rather mild and not dose related.

6  Discussion

In the last decades, there has been significant progress in 
concomitant hypertension and hypercholesterolemia control, 
even though patients compliance with antihypertensive regi-
mens continues being generally better than lipid-lowering 
treatments [83]. In keeping with this, the inclusion of statins 
and BP-lowering agents into a fixed combination might 
even double the effectiveness of statin therapy, and thereby 
achieve significantly greater reduction of cardiovascular risk, 
as supported by the findings of the CORAL study [84].

It must also be recognized that, up to date, only 2 broad-
based studies have assessed the effect of statins specifically 
in hypertensive patients, with conflicting results. The Anglo-
Scandinavian Cardiac Outcomes Trial—Lipid-Lowering 
Arm (ASCOT-LLA) evaluated the effect of adding a statin to 
BP-lowering treatment regimen in patients with hypertension 

and no clinically evident CHD, average total cholesterol lev-
els ≤ 250 mg/dl at baseline, and at least 3 cardiovascular risk 
factors other than hypertension [85]. Statin addition in the 
ASCOT-LLA was associated with a 36% decrease in nonfa-
tal myocardial infarction (NFMI) and fatal CHD and a 27% 
decrease in the incidence of fatal and nonfatal stroke compared 
to placebo [85]. On the contrary, in the Antihypertensive and 
Lipid-Lowering Treatment to Prevent Heart Attack Trial—
Lipid Lowering Trial (ALLHAT-LLT), the administration of 
40 mg pravastatin to hypertensive patients ≥ 65 years old did 
not lead to a significant difference versus standard of care in 
all-cause mortality and CHD events [86]. Definitely, the evi-
dence of the efficacy of statins in decreasing cardiovascular 
morbidity and mortality in hypertensives are conflicting [87]. 
However, genetic studies in humans suggest that a predisposi-
tion for the development of both hypertension and dyslipi-
demia may result from the inheritance of shared genetic risk 
factors [88]. For this reason, the use of non-pharmacological 
and pharmacological approaches with a favourable effect on 
both BP and lipids hold promise of much greater gains against 
cardiovascular disease (Fig. 1).
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Fig. 1  Mechanisms involved 
in the interaction between 
hypercholesterolemia and 
Renin-Angiotensin system and 
hypertension. (from Ref. [70], 
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