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ABSTRACT
Abstract Objectives Previous reports, involving
hypercholesterolaemic hypertensive subjects, that statins
reduce muscle sympathetic nerve activity (MSNA) did not
investigate potential neural sites of such
sympathoinhibition or determine its consequences for
endothelial function or insulin resistance. This study of
hypertensive subjects with lower plasma cholesterol
tested the hypotheses that lipophilic simvastatin would
attenuate resting sympathoexcitation and augment
baroreflex modulation of MSNA and heart rate (HR),
flow-mediated vasodilation and insulin sensitivity.
Design Prospective, randomised, double-blind, placebo-
controlled crossover study.
Setting Academic hospital-based study.
Patients Fourteen non-hyperlipidaemic primary
hypertensive subjects (10 men; overall mean±SD age 58
±12 years).
Interventions Four weeks of simvastatin (80 mg/day)
or placebo.
Main outcome measures Resting blood pressure (BP),
HR, MSNA, spontaneous arterial baroreflex MSNA and HR
modulation, endothelium-dependent and endothelium-
independent vasodilation, and the homoeostatic model
assessment of insulin resistance (HOMA-IR).
Results Simvastatin lowered MSNA burst frequency (from
32±12 to 25±9 bursts/min) and MSNA burst incidence
(from 55±23% to 43±17%; all p<0.01) without affecting
BP, HR, baroreflex modulation of either MSNA or HR, or
HR variability (all p>0.05). Plasma glucose, insulin, HOMA-
IR and endothelium-dependent vasodilation (all p>0.05)
were unchanged, whereas endothelium-independent
vasodilation increased (7.1±3.8% to 9.7±3.9%, n=13;
p<0.01). The fall in MSNA was unrelated to the decrease
in low-density lipoprotein cholesterol (r=0.41, p=0.14).
Conclusions These findings are consistent with the
concept that, in non-hyperlipidaemic subjects with primary
hypertension, simvastatin causes a cholesterol-independent
reduction in an elevated central set-point for MSNA,
without affecting arterial baroreflex modulation of either
MSNA or HR. There may be less neurogenic constraint on
endothelium-independent vasodilation as a consequence.

INTRODUCTION
Primary hypertension is characterised by both
increased sympathetic nerve traffic to the heart,
kidneys and skeletal muscle (muscle sympathetic
nerve activity (MSNA))1 2 and decreased baroreflex
heart rate (HR) modulation (baroreceptor sensitivity
(BRS)).3 In experimental models of hypertension,

these autonomic disturbances have been linked to
an increased production of reactive oxygen species
and NAD(P)H oxidase within brain centres involved
in the generation or modulation of efferent sympa-
thetic and parasympathetic nerve discharge, such as
the rostral ventrolateral medulla and the nucleus
tractus solitarius.4

In experimental models of hypertension and
heart failure, lipophilic statins such as simvastatin
and atorvastatin5 attenuate these autonomic distur-
bances, independently of any effects on cholesterol,
by modifying within these and related brain regions
signalling pathways involving G proteins, endothe-
lial, neuronal and inducible NO synthase expres-
sion6–8 and angiotensin II type 1 (AT1) receptor
and NAD(P)H oxidase subunit protein expres-
sion.6 9 10 In a normolipidaemic rabbit model of
heart failure, simvastatin, 3 mg/kg/day for 3 weeks,
diminished renal sympathetic nerve activity
(RSNA), plasma norepinephrine concentrations and
total peripheral resistance, and augmented tonic
and reflex HR modulation and arterial baroreflex
regulation of RSNA.9 10

In an uncontrolled study involving 10 hypercholes-
terolaemic hypertensive subjects, 8 weeks of atorvas-
tatin was reported to decrease MSNA by 20% and to
increase BRS.11 These authors subsequently allocated
31 hypercholesterolaemic hypertensive patients to
receive either simvastatin (40 mg/day; n=15) or
placebo (n=16). Simvastatin also decreased MSNA,
by 24%, and increased BRS, but had no effect on
blood pressure (BP).12 Using a placebo-controlled
randomised crossover design, Gomes et al13 reported
that 3 weeks of atorvastatin (80 mg/day) reduced
MSNA of 13 primary hypertensive subjects (mean
total cholesterol 5.4 mmol/l; four previously statin
treated), by only 10%, and atorvastatin had no effect
on HR or its variability, or on ambulatory BP. In a
non-randomised study of treated hypertensive
patients with chronic kidney disease, atorvastatin
(20 mg/day) after 6 weeks reduced MSNA in 10 sub-
jects by 29%, without affecting BP or HR.14 By con-
trast, in a randomised placebo-controlled protocol
involving a non-ischaemic heart failure population
without a clinical indication for statin therapy
(n=18), 3 months of atorvastatin (10 mg/day) had no
effect on MSNA,15 whereas in a crossover trial
involving six such patients, 1 month of simvastatin
(40 mg/day) reduced MSNA by 24%.16

None of these studies sought specifically to deter-
mine a site at which these lipophilic statins affected
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the regulation of MSNA in hypertension, or whether MSNAwas
reduced similarly in hypertensive subjects anticipated a priori to
have increased central sympathetic outflow to skeletal muscle but
lacking a contemporary clinical indication for cholesterol lower-
ing. We therefore tested the hypotheses that, in otherwise healthy
individuals with primary hypertension, 4 weeks of high-dose
simvastatin would (1) lower resting MSNA and (2) augment
arterial baroreflex modulation of MSNA and HR.

In addition, none of these recently published studies evalu-
ated concurrently the vascular or metabolic consequences of
such sympathoinhibition. Acute increases in MSNA can impair
surrogates of endothelial function, such as flow-mediated dilata-
tion,17 and it has been hypothesised that impaired endothelial
function could itself increase MSNA.18 19 We therefore tested
the secondary hypothesis that any reductions in MSNA with
simvastatin would relate inversely to increases in flow-mediated
vasodilation. Present concern that statins increase the risk of
developing diabetes20 stimulated us to test also the hypothesis
that any reduction in MSNA observed would be accompanied
by less insulin resistance.21

METHODS
Participants
Fourteen statin-naïve hypertensive but normocholesterolae-
mic,22 non-diabetic, non-smoking and otherwise healthy adult
volunteers without chronic kidney disease participated in this
study. Hypertension was defined as BP≥140/90 mm Hg on three
or more independent readings, or presentation with prior pre-
scription of antihypertensive medication. Cardiovascular risk, as
estimated by these participants’ primary or specialist physicians,
was considered sufficiently low as not to warrant statin therapy.
Potential participants with low-density lipoprotein (LDL) chol-
esterol >4.5 mmol/l were excluded. The Research Ethics Boards
of the University Health Network and Mount Sinai Hospital
approved the protocol.

Study design
After giving written informed consent, participants were first
familiarised with all experimental procedures, and then allo-
cated according to a double-blind randomisation schedule by
our pharmacy to either a statin-start group (80 mg daily) or a
placebo-start group. For 4 weeks, one tablet was taken daily
with the evening meal. After a washout period of at least
1 week, participants then ingested the other preparation daily
for 4 weeks. To ensure tolerability and safety, at week 1, symp-
toms and plasma creatine kinase and transaminases were
assessed independently of the investigators, who were blinded
to these data, by a research nurse coordinator.

Experimental protocol
The experimental protocol was performed twice, on the final
day of each 4-week intervention. Participants were asked to
abstain from alcohol and caffeine for 24 h, and were tested at
least 12 h postprandial. All data were collected in the morning,
in a temperature-controlled room. After voiding, participants lay
supine.

A polyethylene catheter was inserted into a right antecubital
vein for blood sampling. ECG was used to acquire beat-to-beat
HR, and BP was recorded every minute by an upper-arm cuff
(Dinamap Pro 100; Critikon, Tampa, Florida, USA) and con-
tinuously using a digital cuff system (Portapres; Finapres
Medical Systems BV, Amsterdam, The Netherlands). Multiunit
recordings of postganglionic MSNA were obtained with a uni-
polar tungsten electrode inserted selectively into a sympathetic

efferent fibre of the fibular nerve as described previously.23 To
ensure that all signals were obtained during spontaneous breath-
ing, a pneumobelt was connected to a pressure transducer. After
a 20 min stabilisation period, these data were acquired over at
least 10 min, after which venous blood was drawn for analysis
in plasma of total cholesterol, LDL cholesterol, high-density
lipoprotein cholesterol, trigycerides, free fatty acids, glucose and
insulin concentrations.

Laser Doppler flowmetry was then used to assess endothelium-
dependent microvascular perfusion in skin (780 nm LDPM probe;
Periflux Pf Id; Perimed, Stockholm, Sweden). Measures were taken
from the left forearm during 2 min of baseline, 3 min of proximal
occlusion (>50 mmHg above systolic BP), and 5 min of postoc-
clusive reactive hyperaemia. After a 10 min stabilisation period,
brachial artery diameter and velocity measurements were acquired
using high-resolution B-mode and Doppler ultrasound (7–10 mHz
linear array probe; Vivid 7; GE Healthcare, Pittsburgh,
Pennsylvania, USA), respectively. The arm and transducer were sta-
bilised, and a longitudinal section of the artery was scanned 2–
5 cm above the elbow. After the optimal image was secured, a base-
line was recorded over a 1 min period. To elicit NO-mediated
endothelium-dependent vasodilation, post-ischaemic reactive
hyperaemia was then induced by inflating a BP cuff (5 cm below
the antecubital fossa) to 50 mmHg above systolic BP for 5 min.
Three minutes of data were then acquired after cuff release. To
assess endothelium-independent smooth muscle responsiveness,
sublingual nitroglycerine (400 mg; Sanofi Aventis, Laval, Quebec,
Canada) was administered at least 15 min after hyperaemia. After
a 1 min baseline, diameter and flow images were acquired for a
further 5 min.

Data analysis
Continuously acquired data were digitised and stored with
LabView (National Instruments, Austin, Texas, USA). Signal
output was inscribed by a Gould Viper recorder (Gould
Instrument Systems, Valley View, Ohio, USA), sampled at a fre-
quency of 200 Hz (with the exception of the ECG: 1000 Hz),
and, after conversion from analogue to digital format, stored on
a PC desktop for subsequent offline analysis.

MSNA was quantified as burst frequency (bursts/min) and
burst incidence (bursts/100 heartbeats).23 Tonic control of HR
(HR variability (HRV)) was assessed using fast Fourier trans-
formation according to published methods.23 The following
spectral bands were derived: very low frequency (PVLF),
0.0098–0.05 Hz; low frequency (PL), 0.05–0.15 Hz; and high
frequency (PH), 0.15–0.50 Hz, with total power (PT) represent-
ing the sum of power within these three bands.24

Arterial baroreceptor HR modulation (BRS) was estimated
non-invasively using two complementary techniques.
Spontaneous BRS was assessed using the systolic BP (stimulus)
and R–R interval (response) sequence method (BRSSEQ), as
applied previously in our laboratory.25 For each participant, all
data acquired over the baseline rest were scanned to identify
sequences of three or more cardiac cycles in which rises or falls
in systolic BP were followed immediately by concordant changes
in R–R interval. Values for all highly correlated (r > 0.85) R–R/
systolic BP relationships were averaged to determine the mean
spontaneous BRS for each subject. Arterial baroreflex HR
modulation was also estimated independently using spectral ana-
lysis by deriving the coherence and gain of the transfer function
relating low-frequency variability of systolic BP (input variable)
to low-frequency variability of R–R interval (output variable)
(BRSLF).

26 Arterial baroreflex modulation of sympathetic
outflow to muscle, a primary outcome variable, was estimated
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similarly but separately for the three prespecified frequency
bands by deriving for each the coherence and gain of the trans-
fer function relating variability of diastolic BP (input variable) to
variability of MSNA (output variable).23

The change from baseline in skin blood–vascular perfusion
was calculated as an independent index of cutaneous
endothelium-dependent flow. With respect to brachial artery
endothelium-dependent and endothelium-independent function
assessments, all diameter images were sampled at end diastole
and digitised and stored at 1 s intervals for offline analysis using
commercially available semiautomated edge-detection software
(Brachial Analyser; Medical Imaging Applications, Iowa City,
Iowa, USA) by one blinded observer. Diameter was measured
between the intima–lumen interface at the distal and proximal
vessel wall. Resting diameters were calculated as the average of
all images taken over the 1 min baseline. Relative flow-mediated
dilation provided an index of endothelium-dependent vasodila-
tion, and was calculated as percentage increase in brachial artery
diameter from baseline to peak dilatation.27 Peak shear stress ((4
× peak velocity)/diameter at peak velocity) was also calcu-
lated.28 To provide a measure of endothelium-independent vaso-
dilation reflecting vascular smooth muscle function, the
maximum response to nitroglycerine was calculated as the per-
centage increase from baseline diameter.26

Blood samples were assayed independently using standard
techniques by Toronto Medical Laboratories (University Health
Network, Toronto, Ontario, Canada). To ensure double-
blinding, the results of these analyses were set aside and not
released to the investigators until the entire study protocol and
the analysis and closure of all study data were complete. The
homoeostatic model assessment of insulin resistance
(HOMA-IR) was calculated by the equation: HOMA-IR=
(fasting plasma (insulin×glucose)/22.5)×100.29

Statistical analysis
This study was powered to detect a change in the primary end
point, MSNA burst frequency. A priori sample size calculations
assuming a 20% reduction in MSNA in a crossover trial and
with an assigned α of 0.05 and β 0.2 estimated a required
sample of 11 patients. All data were recorded, analysed, con-
firmed and tabled with all investigators blinded to
tablet allocation. Between-treatment (simvastatin vs placebo) dif-
ferences were analysed using paired t tests or Wilcoxon
signed-rank tests. Pearson correlation coefficients were used to
assess associations between study parameters. All data were ana-
lysed using Sigma Stat for Windows (V.3.5; Jandel Scientific
Corp, San Rafel, California, USA), and an α level of ≤0.05 was
considered statistically significant. Values are presented as mean
±SD, unless otherwise stated.

RESULTS
Participant characteristics appear in table 1. All participants
completed the full protocol. The mean washout period between
the two arms of the study was 17±11 days. Body weight was
similar on the 2 study days (p>0.05). No adverse symptoms or
laboratory indices were reported or detected. Three subjects
exhibited atrial or ventricular ectopy during the placebo session;
when they were taking simvastatin, the frequency of these com-
plexes fell by 55%. Study order had no effect on any reported
variable (p>0.05).

Simvastatin reduced both mean MSNA burst frequency and
mean MSNA burst incidence, each by ∼20% (both p<0.01;
table 2, figure 1), but there were no significant differences
between the 2 study days with respect to systolic BP or HR

(both p>0.05). Diastolic BP tended to be lower after 4 weeks of
simvastatin (p=0.055; table 2). As anticipated, simvastatin
lowered both LDL cholesterol and total cholesterol (p<0.01;
table 2), but these reductions were unrelated to the decrease in
MSNA (r=0.41, p=0.14 and r=0.30, p=0.31, respectively).

No differences were observed between simvastatin and
placebo with respect to the tonic or arterial baroreflex reflex
modulation of HR (all p>0.05), or for baroreflex modulation
of MSNA within any frequency band (coherence, all p>0.60;
transfer function gain, all p>0.35) (table 3).

MSNA on the placebo day was not related to either brachial
artery (r=−0.24, p=0.41) or skin microcirculatory (r=−0.28,
p=0.34) estimates of endothelial function. Brachial artery shear
profiles did not differ between the 2 study days (p>0.05).
Simvastatin had no effect on endothelium-dependent vasodila-
tion of either the skin microcirculation or the brachial artery
(p>0.05 for both; table 4), and there were no relationships
between changes in MSNA and changes in either variable (r=
−0.39, p=0.17 and r=0.25, p=0.39, respectively).

Table 2 Time domain haemodynamic, autonomic and metabolic
variables

Variable Placebo Simvastatin

Systolic blood pressure (mm Hg) 139±15 137±11
Diastolic blood pressure (mm Hg) 81±10 77±8
Heart rate (beats/min) 59±8 61±10
BRSSEQ (ms/mm Hg) 9.7±4.4 10.4±6.8
Muscle sympathetic nerve activity
Burst frequency (bursts/min) 32±12 25±9**
Burst incidence (bursts/100 heartbeats) 55±23 43±17**

Total cholesterol (mmol/l) 4.8±0.9 3.2±0.8**
Low-density lipoprotein cholesterol (mmol/l) 3.1±0.7 1.6±0.5**
High-density lipoprotein cholesterol (mmol/l) 1.2±0.4 1.3±0.4
Triglycerides (mmol/l) 1.1±0.4 0.8±0.3*
Free fatty acids (mmol/l) 667±199 672±228
Insulin (μU/l) 3.4±2.5 4.0±4.6
Fasting glucose (mmol/l) 5.2±0.3 5.3±0.6
Insulin resistance (HOMA-IR) 0.8±0.6 1.0±1.3

Results are expressed as mean±SD.
*p<0.05; **p<0.01 compared with placebo.
BRSSEQ, arterial baroreflex sensitivity for heart rate, assessed using the sequence
method; HOMA-IR, homoeostatic model assessment of insulin resistance.

Table 1 Participant characteristics

Characteristic Value (n=14)
Age (years) 58±12
Male/Female 10/4
Height (m) 1.74±0.1
Weight (kg) 94±31
Body mass index (kg/m2) 29.3±6.7
Medication
ACE inhibitors/ 11
Angiotensin receptor blockers
Calcium channel blockers 7
Diuretics 7
β Blockers 3
>1 antihypertensive drug 8
No medication 2

Values are mean±SD or number.
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Brachial artery endothelium-independent dilation was signifi-
cantly greater on the simvastatin day (7.1±3.8% to 9.7±3.9%,
n=13; p<0.01; figure 2; table 4). Absolute changes in
endothelium-independent dilation were unrelated to absolute
changes in MSNA burst frequency (r=−0.23, p=0.46).

No significant differences between simvastatin and placebo
were observed for plasma insulin (p=0.73) or glucose
(p=0.39), or the calculated HOMA-IR (p=0.84) (table 2), but
there was a non-significant trend for reductions in MSNA with
simvastatin to correlate with decreases in HOMA-IR (r=0.49,
p=0.08).

DISCUSSION
In previous non-crossover11 12 and crossover13 studies—involv-
ing hypertensive patients requiring lipid-lowering therapy—ator-
vastatin or simvastatin reduced MSNA by 10–24%. The present
randomised placebo-controlled crossover trial contributes to the
current literature on this topic in several novel and important
ways. First, it extends the population in whom this effect can be
shown to occur to a lower-risk non-smoking, non-diabetic
otherwise healthy primary hypertensive cohort not requiring
statin therapy. The latter is an important consideration, because
in a recently reported study involving patients with heart failure
also without a clinical indication for lipid reduction (but who
would be expected to have even greater resting sympathoexcita-
tion), atorvastatin had no effect on MSNA.15 Second, all prior
studies were limited in their focus to the MSNA end point.
None examined the effect of these lipophilic statins (atorvastatin
or simvastatin) on the arterial baroreflex regulation of MSNA,

Figure 1 Individual average resting muscle sympathetic nerve activity burst frequency (left panel) and burst incidence (right panel) data, with their
means and SDs, acquired after 4 weeks of placebo or simvastatin 80 mg/day.

Table 3 Frequency domain indices

Index Placebo Simvastatin

Heart rate
Heart rate variability

PH (ms2) 185±120 313±537
PL (ms

2) 295±210 444±577
PT (ms

2) 1274±821 1542±1516
PL/PH (ms2) 2.6±2.7 3.6±5.6

Coherence
PL 0.47±0.3 0.52±0.2

BRSLF (ms/mm Hg) 6.80±5.6 6.15±1.8
MSNA
Coherence

PVL 0.28±0.2 0.31±0.2
PL 0.36±0.3 0.35±0.2
PH 0.27±0.2 0.26±0.2

Baroreflex transfer function gain
PVL (unit/mm Hg) 0.59±1.0 0.39±0.4
PL (unit/mm Hg) 1.22±1.5 0.98±1.1
PH (unit/mm Hg) 1.83±1.6 2.18±1.8

Results are expressed as mean±SD. No comparisons are significant at p<0.05.
BRSLF, arterial baroreflex-heart rate transfer function gain within the low-frequency
spectral band; MSNA, muscle sympathetic nerve activity; PT, total power; PH,
high-frequency power; PL, low-frequency power; PVLF, very-low-frequency power.

Table 4 Vascular indices

Index Placebo Simvastatin

Skin blood flow
Resting flow (AU) 8.4±3.3 10.8±9.3
Peak flow (AU) 30.6±19.1 31.7±24.7
Peak flow-resting flow change (%) 284.8±211.4 213.2±148.2

Endothelium-dependent dilation
Baseline diameter (mm) 4.8±0.9 4.7±0.7
Peak diameter (mm) 5.1±0.9 5.0±0.7
Flow-mediated dilation (%) 6.0±2.9 6.7±3.2

Endothelium-independent dilation
Baseline diameter (mm) 4.7±0.9 4.7±0.7
Peak diameter (mm) 5.1±0.8 5.2±0.7
Change from baseline (%) 7.1±3.8 9.7±3.9*

Results are expressed as mean±SD.
*p<0.01 compared with placebo.
AU, arbitrary units.
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so as to deduce a site of action. Third, previous studies did not
evaluate concurrently potential endothelial, vascular or meta-
bolic consequences of lowering MSNA in this population. The
principal methodological strength of the present study, in con-
trast with most previous investigations,11 12 14 is its randomised
placebo-controlled crossover design, in which all subjects acted
as their own controls, all therapies were held constant, and all
investigators were blinded to treatment allocation. These safe-
guards eliminate or mitigate any concerns about potential con-
founding effects of concurrently prescribed antihypertensive
drugs or of any subtle intravascular volume changes between
study days.

The novel primary finding was that 80 mg/day simvastatin
administered for 4 weeks lowered MSNA burst frequency and
incidence by ∼20% without affecting the gain of arterial barore-
flex modulation of MSNA. This observation, coupled with the
absence of any change in the arterial baroreflex modulation of
HR, effectively excludes an afferent baroreceptor-mediated site
of statin action. Similarly, the lack of effect on HR or HRV
effectively excludes an efferent or a sinoatrial site of action.
These results therefore point to a simvastatin-mediated central
neural reduction in the elevated set-point for sympathetic
outflow in primary hypertension.

A recent meta-analysis of human hypertension trials involving
treated and untreated patients (with and without hypercholester-
olaemia) described significant and clinically relevant reductions
in BP in statin-treated patients,30 but individual published
reports involving statins and MSNA did not.11–14 The decrease
in MSNA in the present series was accompanied by a trend to
lower diastolic BP, when measured coincident with the MSNA
recording. Use of drugs to control hypertension in most partici-
pants might have obscured a more definitive BP lowering.
Conversely, a reduction in diastolic BP would be expected to
increase, reflexively, MSNA.

The present sympathoinhibitory effect of simvastatin was not
accompanied by significant increases in either skin microcircula-
tory or brachial artery flow-mediated indices of endothelium-
dependent vasodilation or in insulin sensitivity. We attribute
these important and clinically relevant secondary findings to:

the relative preservation of NO bioavailability in the placebo
state as an anticipated consequence of the vascular health of
subjects selected (recruitment being restricted to non-diabetic,
non-smoking individuals lacking clinical indication for
lipid-lowering therapy or chronic kidney disease); background
therapy (11 of 14 participants were receiving chronically either
ACE inhibition or angiotensin receptor blockade treatment,
both of which can increase endothelium-dependent vasodila-
tion31); and other potential mechanisms by which statin therapy
might predispose to diabetes.20 In the only published investiga-
tion using a randomised placebo-controlled crossover study
design and involving a similar cohort of normocholesterolaemic
hypertensive participants, 2 weeks of fluvastatin had no effect
on forearm blood flow responses to brachial artery infusion of
acetylcholine, as a direct test of endothelium-dependent vaso-
dilation32; MSNAwas not recorded in that experiment.

In contrast, the observed decrease in MSNA was accompanied
by an increase in nitrate-stimulated, endothelium-independent
vasodilation. Similar observations have been made in
statin-naïve patients with acute coronary syndrome after
4 months of atorvastatin or pravastatin treatment33 and in
patients with type 2 diabetes after 6 weeks of atorvastatin.34

The augmented responses to nitroglycerine documented in the
present cohort may reflect less neurogenic constraint on the
dilator capacity of vascular smooth muscle as a result of dimin-
ished MSNA. Indeed, in a recent experiment involving 10
healthy male volunteers submitted to a sympathoexcitatory
stimulus, the brachial dilator response to nitroglycerine was aug-
mented by intravenous infusion of the centrally acting sym-
patholytic drug, clonidine.35 As baseline diameter was not
increased, an inhibitory effect of simvastatin on vascular Rho
kinase activity36 is less likely.

In the patients with heart failure studied by Horwich et al,15

atorvastatin also reduced LDL cholesterol by 37% relative to
placebo but had no effect on MSNA, indicating that the
observed reductions in MSNA with statins cannot be attributed
to their lipid-lowering effect. Importantly, in both the prior
study by Gomes et al13 and the present series, no relationships
between statin-induced reductions in cholesterol and changes in
MSNA could be discerned. The more likely mechanism is a
reduction in central oxidative stress,16 which can be detected
within 3 days of initiation of statin therapy, before any reduction
in plasma lipids, as a consequence of blockade of the geranylger-
anyl pyrophosphate pathway involved in activating Rac, Ras and
Rho G-proteins.37 38

The mechanism by which statins might increase the risk of
diabetes20 has yet to be established. However, there is substan-
tial literature linking insulin resistance to activation of the sym-
pathetic nervous system.21 A reflexively mediated increase in
sympathetic vasoconstrictor tone has been shown to induce
acute insulin resistance in the forearm of healthy volunteers,
and a cross-sectional study involving obese normotensive sub-
jects identified significant correlations between MSNA and
HOMA-IR.40 Conversely, insulin sensitivity of insulin-resistant
hypertensive subjects or patients with heart failure can be aug-
mented if sympathetic vasoconstrictor tone is interrupted by
α-adrenoceptor blockade,41 42 or diminished, by centrally acting
agents43 44 or afferent renal denervation.45 Whether a similar
reduction in central sympathetic outflow elicited by statin
therapy also attenuates insulin resistance has yet to be reported.
In the present series, no such relationship was identified. It may
be that the change in MSNA did not result in a corresponding
increase in skeletal muscle blood flow or in insulin-mediated
glucose uptake (not quantified in the present series) or that any

Figure 2 Endothelium-independent responses of individual subjects,
and their means and SDs, acquired after 4 weeks of placebo or
simvastatin 80 mg/day.
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potential beneficial neural–metabolic interaction is offset by the
induction of other, proglycaemic, effects of longer-term statin
therapy.

CONCLUSIONS
Statins have achieved the status of being one of the most widely
prescribed classes of medication as a result of their capacity to
reduce cardiovascular morbidity and mortality in high-risk
populations.46 This action has been attributed thus far primarily
to the lowering of total and LDL cholesterol, with little atten-
tion directed at any concurrent autonomic effects, which may
be both independent of changes in plasma cholesterol and a
function of lipophilicity, permitting penetration of some statins
into brain sites involved in neural regulation of the heart and
circulation. Although BP did not fall, increased sympathetic
outflow has also been linked to ventricular hypertrophy,47

insulin resistance,48 arrhythmias49 and premature mortality.50 51

In the present study, short-term high-dose simvastatin reduced
sympathetic outflow in individuals with primary hypertension
but without current clinical indication for lipid-lowering
therapy, yet this lipophilic statin did not alter the baroreflex
modulation of MSNA or that of HR or tonic HR modulation.
These findings are consistent with a central neural or ganglionic
sympathoinhibitory, rather than an afferent baroreceptor-
mediated, site of action of simvastatin in this patient population.
The lack of effect on HRV also excludes an efferent statin action
at the sino–atrial node. The concept that lipophilic statins
reduce an elevated central set-point for MSNA may have par-
ticular clinical relevance for hypertensive patients with
comorbidities (eg, metabolic syndrome), for individuals with
other conditions characterised by high MSNA, such as post-
infarct patients at risk of developing heart failure,52 and for the
population at large, should future guidelines recommend lower
thresholds for the initiation of statin therapy.
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