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Sympathetic Overactivation in Patients With Essential
Hypertension and Hepatic Iron Overload

Gino Seravalle,* Raffaella Dell’Oro,* Fosca Quarti-Trevano, Domenico Spaziani, Silvio Bertoli,
Flavio Airoldi, Giuseppe Mancia, Guido Grassi

Abstract—Iron overload has been recently shown to be associated with a hyperadrenergic state in genetic hemochromatosis.

Whether this is also the case in essential hypertension, characterized by sympathetic activation and frequently by body
iron overload, is unknown. In 17 healthy normotensive controls (age 52.3+3.2 years, mean+SE), in 21 age-matched
patients with hypertension with iron overload (HT+), defined by serum ferritin levels, and in 28 hypertensives without
this condition, we measured efferent postganglionic muscle sympathetic nerve traffic (microneurography), heart rate
and blood pressure variability (power spectral analysis), serum ferritin, and metabolic variables. Muscle sympathetic
nerve traffic was significantly (P<0.02 at least) greater in HT+ than in patients with hypertension without iron overload
and normotensive subjects both when expressed as bursts incidence over time (41.8+1.4 versus 31.5+1.4 and 23.6+0.9
bursts/min) and as bursts corrected for heart rate (55.3+1.8 versus 42.3x1.2 and 31.7%1.2 bursts/100 heartbeats). In
HT+, low-frequency systolic blood pressure variability was significantly reduced. In HT+, but not in the other 2 groups,
muscle sympathetic nerve traffic was significantly related to serum ferritin (r=0.51, P<0.03), transferrin saturation
(r=0.47, P<0.03), and hepatic iron load (r=0.76, P<0.0001, magnetic resonance imaging), as well as to homeostatic
model assessment index values (r=0.46, P<0.05). These data provide the first evidence that in HT+ elevated serum
ferritin is associated with a hyperadrenergic state of greater magnitude than the one seen in wients with hypertension
without iron overload. They also show that the potentiation of the sympathetic activation d egegr HT+ is related to
elevated serum ferritin and to the associated metabolic alterations, possibly participating in thd incréased cardiovascular
risk characterizing iron overload. (Hypertension. 2020;76:00-00. DOI: 10.1161/HYPERTENSIONAHA.120.15511.)
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ur group has recently shown that patients withigeretic he-

mochromatosis display, along with iron overload in organs
throughout the body,.a.marked increase in.sympathetic.neural
influences to the heart and the peripheral circulation which can
be almost completely reversed by iron depletion therapy.' This
finding suggests that iron exerts in this disease sympathoexcit-
atory effects. Whether and to what extent the adrenergic activa-
tion triggered by iron deposition in organs throughout the body
is peculiar to genetic hemochromatosis or it can be detected
in other clinical conditions also characterized by sympathetic
overactivity and iron overload is unknown. The issue has not
only pathophysiological but also clinical relevance, given the
evidence that greater sympathetic activation is associated with
a poorer prognosis in several cardiovascular and noncardiovas-
cular disease.””

In the present study, we investigated this issue by re-
cording muscle sympathetic nerve traffic via the microneu-
rographic technique in patients with essential hypertension
which are characterized by a sympathetic activation®’ and a

high ‘prevalence"of increasediiron load in organs throughout
the body.® Data were compared to those obtained in a group of
age-matched essential hypertensives.notdisplaying the above-
mentioned alterations in iron deposition in organs throughout
the body and in healthy normotensive controls.

Methods

The data that support the findings of this study are available from the
corresponding author on reasonable request.

Population

The study population consisted of 66 patients of both sexes (58 males
and 8 females) and an age range between 33 and 64 years recruited
for this specific study between 2014 and 2019. Twenty-one of them
were mild-to-moderate essential hypertensives and displayed hepatic
iron overload (see below) together with elevated serum ferritin values,
whereas the remaining 28 hypertensives displayed normal serum
ferritin values (Table 1). The 39 patients with hypertension were
selected from those regularly followed at the outpatient hypertension
clinic of the Istituto a Carattere Scientifico Multimedica Hospital
and Magenta Hospital. Criteria for selection were the presence of
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Table 1. Anthropometric, Hemodynamic, Echocardiographic, and Metabolic Parameters in the 3 Groups

Variable NT (n=17) HT- (n=28) HT+ (n=21)
Sex, M/F (n) 14/3 24/4 201
Age, y 52.3+3.2 52.7+2.3 50.8+2.5
BMI, kg/m? 24.4+0.8 26.4+1.7 27119
WHR, a.u. 0.76+0.02 0.77+0.01 0.78+0.01
Clinic BP, S/D, mmHg 129.7+4.1/80.4+3.3 164.3+5.2*/98.4+4.5* 169.1+5.8*/100.7+4.9*
Clinic HR, bpm 71.4+22 73.8£2.5 74.3£2.7
24 h BP, S/D, mmHg 125.3+3.4/75.2+3.0 158.8+3.7%/95.5+3.4* 161.9+4.0*/96.7+3.7*
24 h HR, bpm 67.1+1.9 67.9+2.1 68.5+2.0
LVEF, % 62.8+2.6 60.2+1.9 59.6+2.1
E/A ratio, a.u. 1.14+0.2 1.12+0.2 1.11+0.2
LVMI, g/m? 90.8+3.9 107.5+5.6* 111.6+6.11
Total cholesterol, mg/dL 188.6+12.5 204.8+12.3 229.4+13.7*
HDL cholesterol, mg/dL 48.4+5.6 53.8+4.8 57.2+5.1
Triglycerides, mg/dL 155.7+26.0 188.4+19.1* 206.0+22.11
Plasma glucose, mg/dL 86.2+9.2 91.4+7.8 98.5+8.4
HOMA index, a.u. 1.59+0.3 1.67+0.2 2.23+0.4*f
ALT, UL 30.4x2.2 29.9+2.0 +23
YGT, UL 333+2.3 31724 AT
eGFR, mL/(min-1.73 m?) 87.7+4.4 89.5+3.7 90.3+4.0
obi 14.8+0.3
>
5 (29% 11 @9%) “o1 (100%)
LIC,

Data are shown as means=SEM. a.u. indicates arbitrary units; ALT, alanine aminotransferase; BMI, body mass index; BP, blood
pressure; D, diastolic; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; HOMA, homeostatic model assessment;
HR, heart rate; HT—, patients with hypertension without iron overload; HT+, patients with hypertension with iron overload; LIC, liver
iron content; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; M/F, males/females; n.a., not assessed; NT,
normotensive subjects; S, systolic; WHR, waist-to-hip ratio; and yGT, y-glutamyl transferase.

*P<0.05: refers to the statistical significance between HT+ and HT— vs NT.

1P<0.01: refers to the statistical significance between HT+ and HT— vs NT.

$P<0.05: refers to the statistical significance between HT+ vs HT—.

an essential hypertensive state with or without the detection of iron
overload. Seventeen subjects were normotensive healthy individu-
als with normal serum ferritin values recruited for this specific study
among the administrative personnel of Istituto a Carattere Scientifico
Multimedica Hospital and served as controls. Exclusion criteria were
(1) congestive heart failure, as diagnosed by symptoms, signs, and
alterations in echocardiographically determined left ventricular diam-
eters and ejection fraction; (2) history of coronary or cerebrovascular
disease; (3) atrial fibrillation or other major cardiac arrhythmias; (4)
clinical, laboratory or instrumental evidence of valvular heart disease,
left ventricular hypertrophy, or secondary hypertension; (5) true drug-
resistant and apparent drug-resistant hypertension; (6) clinical condi-
tions known to be associated with an iron overload, including genetic
hemochromatosis (evaluated via assessment of hemochromatosis
genotype homozygous for the C282Y mutation of the HFE gene) or a
serum ferritin increase unrelated to body iron stores; (7) chronic liver
disease and inflammatory disorders; (8) history of blood transfusions
or parenteral administration of iron compounds; (9) history of cig-
arette smoking, excessive alcohol consumption (>60 g in men and
>40 g in women) or use of antidepressant drugs; (10) use of antihy-
pertensive drugs which were discontinued, if present, at least 1 week

before the study; (11) respiratory diseases and sleep apnea; and (12)
major concomitant diseases, such as renal insufficiency, diabetes mel-
litus, obesity, and other conditions know to affect sympathetic neural
function.®7*'2 All patients were evaluated on an outpatient basis. The
study protocol was approved by the Ethics Committee of the Istituto a
Carattere Scientifico Multimedica, Sesto San Giovanni (Milan, Italy).
All patients gave written consent to the study after being informed of
its nature and purpose.

Measurements

Inallindividuals, multiunitrecordings of efferent postganglionic sym-
pathetic nerve traffic to the skeletal muscle (MSNA) were obtained
by a single operator through a tungsten microelectrode inserted into
the right or left peroneal nerve, as previously described.'*-'> Other
measurements included blood pressure (BP), which was obtained
by a mercury sphygmomanometer, a finger photoplethysmographic
device capable of providing accurate beat-to-beat systolic and di-
astolic values (Finapres, Ohmeda 2003, Englewood, FL)"*!! and
ambulatory BP recording obtained over the 24 hours by an oscillo-
metric device (Spacelabs 90207, Spacelabs) with the recordings set
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at 15-minute and 20-minute intervals during the daytime (from 07.00
to 23.00 hour) and the nighttime (from 23.00 to 07.00 hour) periods,
respectively!!®!"; heart rate, which was monitored beat-to-beat by
a tachograph triggered by the R wave of an EKG; respiration rate,
which was measured by a strain gauge pneumograph positioned at
midchest level; an echocardiographic evaluation of the end-diastolic
and end-systolic left ventricular internal diameters, interventricular
septum thickness, and posterior wall thickness. Left ventricular mass
index was calculated by Devereux formulae and normalized to body
surface area, whereas left ventricular ejection fraction was measured
from the 4-chamber apical projection using the product area times
length.'*!* Color Doppler and pulse Doppler were used to measure
mitral flow (early diastolic peak flow velocity [E wave] and late di-
astolic peak flow velocity [A wave]) and flow at the left ventricular
outflow tract and to calculate E/A ratio'®; body mass index (body
mass index, body weight divided by squared height), and waist and
hip circumferences, which were obtained with the patient standing
and used to determine the waist-to-hip ratio; routine hematologic and
blood chemistry (standard methods), including hepatic indices (AST
[aspartate aminotransferase], ALT [alanine aminotransferase]), com-
plete blood count, homeostatic model assessment (HOMA) index
(calculated via the formulae: plasma glucose [mmol/L]xserum in-
sulin [pU/mL]/22.5)," and serum iron profile (serum iron, trans-
ferrin, ferritin, transferrin saturation calculated via the formulae:
serum iron/serum transferrin/1.42x100). As upper normal limits for
serum ferritin, 350 pg/L for men and 200 pg/L for women were used
based on the most frequent upper normal limits of ferritin present
in the literature for iron overload screening.'” An ultrasound exam-
ination of the liver to evaluate the presence of hepatic steatosis was
also performed while magnetic resonance imaging (1.5 T) based on
Gandon algorithm'® was performed in patients with hypertension
with iron overload to quantify liver iron concentration with reference
values <36 pmol/g for physiological condition,<100 pmol/g for mild

iron overload, betweeh 100 and 300 wmol/g for moderate, and >300

pmol/g for severe iron overload. . -
Simultaneous MSNAs=beat-to-beat heart rate, and beat to-beat
BP recordings were digitized with a samphng frequeney of 1000 Hz
(PowerLab Recording System Model ML870 8/30; AD Instruments,
Bella Vista, New South Wales, Au;traha) MSNA was quantified over
a 30-minute period either as bursts incidence over time (bursts/min)
or as bursts incidence corrected for heart rate values (bursts per 100
heartbeats)."*!> Heart rate and systolic BP variability were evaluated
via the spectral analysis technique.'** Briefly, time series of BP and
pulse pressure interval values were analyzed by a parametric spectral
estimation method based on an autoregressive model. Baroreflex con-
trol of MSNA was determined by a method similar to that described
by Kienbaum et al,? that is, by relating each spontaneous sympathetic
neural burst to the diastolic BP and the cardiac interval during which
the burst was generated. The method allows to obtain an estimate of
spontaneous MSNA-baroreflex sensitivity almost superimposable to
the one obtained via the classic vasoactive drugs infusion technique.?

Protocol and Data Analysis

Patients were selected initially evaluated for iron metabolism screen-
ing and then selected to undergo the measurements listed above. As
far as the microneurographic evaluation, all subjects came to the lab-
oratory in the morning, after a light breakfast and an overnight absti-
nence from alcohol and coffee consumption. They were put in supine
position and fitted with the various measuring devices, except the
microelectrode for sympathetic nerve traffic recording. BP was meas-
ured 3x with a mercury sphygmomanometer, and a microelectrode
was inserted into the peroneal nerve to obtain MSNA. Sympathetic
nerve traffic was recorded together with finger BP, heart rate, and res-
piration rate during a 30-minute period in a quiet semidark room kept
at the constant temperature of 22°C to 24°C and analyzed by a single
investigator unaware of the belonging of the subjects to the different
groups. Ambulatory BP monitoring was performed the day follow-
ing the microneurographic study. Comparisons between groups were
made by 2-way ANOVA. The 2-tailed ¢ test for unpaired observations
was used to locate between-group differences. The Bonferroni cor-
rection was used for multiple comparisons. The Pearson correlation
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coefficient was used to determine the relationships between MSNA,
serum ferritin, transferrin saturation, hepatic iron content, he-
patic steatosis, HOMA index, plasma triglycerides, total choles-
terol, and spontaneous baroreflex sensitivity. Data are expressed as
means=SEM. A P<0.05 was taken as the minimal level of statistical
significance. All analyses were performed with SAS software version
9.3 (SAS Institute Inc, Cary, NC).

Results

The main characteristics of the 3 groups of subjects are shown
in Table 1. Age and sex distribution were superimposable in the
different groups, whereas body mass index and waist-to-hip
ratio showed a tendency, although not significant, to be greater
in the 2 hypertensive groups as compared to the normotensive
one. Echographic evidence of hepatic steatosis was found in 37
individuals, 32 of them being hypertensives. All the hyperten-
sives patients with elevated serum ferritin showed at magnetic
resonance imaging evaluation a liver iron overload of moderate
degree. As expected, both clinic and 24-hour ambulatory BP
values were significantly higher in the 2 hypertensive groups
than in the normotensive one, whereas the corresponding heart
rate values were similar. The degree of the BP elevation was
slightly more pronounced, although not significantly, in the
patients with hypertension with elevated than in those with
normal serum ferritin values. Left w@ntricular ejection fraction
and E/A ratio values were superi@s@!ﬁip all the 3 groups,
whereas left ventricular mass index was significantly increased
in the patients with hypertension as compared to normotensive
individuals. Patients with hypertension without iron overload
showed. plasma cholesterol, HOMA mdex, and glucose lev-

els-similar to the ones détedted in ‘the normotensive individu-
‘als bat s1gn1ﬁcantly greater serum trlglycerldes levels. In the

patients with hypértension with serum iron overload HOMA
index, serum triglycerides and total cholesterol were signifi-
cantly greater than in the normotensive subjects. In the case
of HOMA index, a statistical significance was also detected
between patients with hypertension with elevated than in those
with normal serum iron load. Hematologic and renal variables
were in the normal range and similar in the 3 groups.

The behavior of individual serum ferritin and serum
transferrin and their mean values in the different groups of
subjects are illustrated in the upper parts of Figure 1. Serum
ferritin and transferrin levels were, as expected, significantly
and markedly greater in the patients with hypertension with
iron overload as compared to the values detected in the nor-
motensive individuals and in the patients with hyperten-
sion without this condition. As shown in the lower parts of
Figure 1, MSNA, expressed as bursts incidence over time (left
lower) and as bursts incidence corrected for heart rate (right
lower), was significantly greater in patients with hypertension
with iron overload as compared to the other 2 groups. This
was accompanied by the finding that low-frequency systolic
BP variability was significantly increased in the 2 groups
of patients with hypertension as compared to normotensive
controls. This was the case also when patients with hyperten-
sion with iron overload were compared with those without
this condition, whereas high-frequency heart rate variability
was similarly reduced in the 2 groups of patients with hyper-
tension when compared to the normotensive healthy controls
(Table 2). Spontaneous baroreflex modulation of MSNA was
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Figure 1. Individual and average vald'e'§ (+SEMyof-serum ferritin, transferrin saturation, and muscle sympathetic nerve traffic (MSNA), expressed as bursts
incidence over time (MSNA) and as bursts incidence corrected for heart rate (MSNA corr) in normotensive subjects (NT) and in patients with hypertension
without iron overload (HT-) and with iron overload (HT+). bs/100hb indicates bursts/100 heartbeats; and Bs/min, bursts/min. *P<0.02 and **P<0.001 refer to

the statistical significance between groups.

slightly, although not significantly, greater in the normoten-
sive group as compared to the hypertensive ones without and
with iron overload (Table 2).

Figure 2 shows the relationships between different param-
eters of iron metabolism and sympathetic activity. Upper parts
show that in the whole study population there was a highly
significant direct relationship between serum ferritin, trans-
ferrin saturation, and MSNA. The relationships between
serum ferritin, transferrin saturation, and hepatic iron load
were seen in patients with hypertension with iron overload
(Figure 2, lower) but not in the normotensive control subjects
and in patients with hypertension without iron overload. No
significant relationship was also found in the 3 groups of sub-
jects of the present study between MSNA values and barore-
flex MSNA modulation (data not shown).

In the study population as a whole, a weak but signif-
icant relationship was found between MSNA and hepatic
steatosis (r=0.33, P<0.05). The presence of hepatic steatosis
correlated in the patients with hypertension with serum iron
overload with HOMA index (r=0.56, P<0.01), plasma triglyc-
erides (r=0.47, P<0.05), and total plasma cholesterol (r=0.49,
P<0.05). Furthermore, in the patients with hypertension with
iron overload, but not in the other 2 groups of individuals of

the present study, MSNA displayed a significant and direct re-
lationship with HOMA value, both when expressed as bursts
incidence over time and as bursts incidence corrected for heart
rate (r=0.46 and r=0.49, P<0.05 for both). Similarly in the
group of patients with iron overload, but not in the other 2,
transferrin saturation values significantly and directly corre-
lated with HOMA index values (r=0.53, P<0.05).

Discussion
There are 3 novel findings in the present study. First, patients
with essential hypertension with documented iron overload inde-
pendent of genetic hemochromatosis display a sympathetic ac-
tivation significantly greater in magnitude than the one detected
in age-matched patients with hypertension characterized by a
high BP state of similar clinical severity but without alterations
in iron deposition in organs throughout the body. Second, the
magnitude of the adrenergic overdrive in this group of patients
is directly related to serum ferritin levels, serum transferrin sat-
uration, hepatic iron content, and detection of hepatic steatosis.
Third, the potentiation of the sympathetic activation detected in
patients with hypertension with iron overload occurs without
being associated with a further increase in the BP values. This
finding may suggest that a sympathetic overdrive does not
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Table 2. Low- and High-Frequency HRV, Low-Frequency SBP Variability, and
BxMSNA Modulation in Healthy NT and in HT- and With HT+ Iron Overload

Variable NT (n=17) HT- (n=28) = HT+ (n=21)
HRV, LF, ms? 475198 533.5+76 579.9+82
HRV, HF, ms? 396.4+49 185.6:£42* 190.7:£48*
SBP, LF, mmHg? 4.8+1.4 7.2+1.1% 8.8+1.4%
BXMSNA, a.u. ~3.44+03 ~3.25+0.2 ~3.01+0.3

Data are shown as means+SEM. a.u. indicates arbitrary units; BXMSNA,
baroreflex-muscle sympathetic nerve activity; HF, high frequency; HRV,
heart rate variability; HT—, patients with hypertension without iron overload;
HT+, patients with hypertension with iron overload; LF, low frequency; NT,
normotensive subjects; and SBP, systolic blood pressure.

*P<0.01: refers to the statistical significance between HT+ and HT— vs NT.

1P<0.05: refers to the statistical significance between HT+ and HT— vs NT.

$P<0.05: refers to the statistical significance between HT+ vs HT—.

necessarily result in a pressor effect, as already reported in other
conditions characterized by sympathetic overactivity, such as
in the normotensive obese state,” in the normotensive diabetic
condition,* or finally in the congestive heart failure state with
normal BP values.”>2° As discussed below, the absence of a BP
effect, however, does not mean that the sympathetic activation
characterizing iron overload is exempt from producing adverse
cardiovascular effects.®” Taken together these findings support
the conclusion that a potentiation of the sympathetic activation
characterizing essential hypertension is detectable when a con-
dition of iron overlgad, whieh is quite common in the high BP
state, accompanies Pre
deed shown that this condition Ggan be de ecteq m%}%
patients with hype 1 _ns10n regulaﬂy" follo

ILthe i
ed//in an ou’tpi ent | Vid
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clinic.® The study results also suggest that the sympathetic ab-
normality reflects the iron overload state and correlates with the
presence of hepatic steatosis.

Two other findings of the present study merit a brief discus-
sion. First, in patients with hypertension with iron overload, the
marked elevation in MSNA was accompanied by an increase in
the low-frequency oscillations of systolic BP variability more
pronounced than the one detected in patients with hypertension
without iron overload. Although this finding may suggest that
the augmented sympathetic neural drive detected in patients
with hypertension complicated by iron overload extends to
cardiovascular districts other than the muscle one, given the
well-known limitations of the time-domain approach,’? fur-
ther studies specifically investigating sympathetic activity in
the different regional districts (including the cardiac one) are
needed to support this hypothesis. Second, in our patients with
hypertension with iron overload, we found that the sympathetic
activation was coupled with a reduction in the high-frequency
component of heart rate variability of similar magnitude to the
one seen in the group of patients with hypertension without
this condition. This suggests that in essential hypertension the
iron overload state affects the sympathetic but not the para-
sympathetic component of cardiovascular autonomic function,
at variance from what we previo reported in genetic he-
mochromatosis in which both GHIC components were
markedly altered.! Third, the potentiation of the sympathetic
activation seen in patients with hypertension with iron over-
load may have adverse @nsequences on different organs. For

Qxamplﬁ,‘ atthe level.of the heﬁrg it may favor the development

essmn‘.oi,lﬁtft venmcular hypertrc phy, given the ev-
na 1 yrepinephrine favor
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Figure 2. Relationships between different parameters of iron metabolism and symapthetic activity. Upper, Regressing muscle sympathetic nerve traffic
(MSNA), expressed as bursts incidence corrected for heart rate (bursts/100 heartbeats [bs/100hb]), on serum ferritin, transferrin saturation in the whole study
population. Correlation coefficients (1) and P values are shown. Lower, Regressing MSNA, expressed as bursts incidence corrected for heart rate (bs/100hb),
on serum ferritin, transferrin saturation, and hepatic iron content in patients with hypertension with iron overload (HT+). Correlation coefficients () and P

values are shown.
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in experimental animals an increase in cardiac mass and car-
diac wall thickness even when BP remains within the normo-
tensive range.”’ At the level of the liver, it may reduce hepatic
ketogenesis and constrict the portal vein system favoring the
development of portal hypertension.” At kidney level, it may
reduce renal blood flow and directly enhance tubular reabsorp-
tion, thereby favoring fluid retention.”

Our study also provides insights on the possible mecha-
nisms responsible for the different sympathetic profile of the
hypertensive state with versus the hypertensive condition
without iron overload. We can rule out that this was due to a
different clinical severity of the hypertensive state because (1)
the magnitude of the BP increase was slightly but not signif-
icantly different between the hypertensive states without and
with iron overload and (2) the increase in left ventricular mass,
taken as marker of target organ damage, was also not signifi-
cantly different in the 2 groups. We can also rule out that the
difference in the sympathetic activation detected in our patients
with hypertension with and without iron overload might be
ascribed to a different baroreceptor modulation of MSNA in
the 2 conditions because baroreflex MSNA sensitivity was
similar in the 2 groups. We can, on the other hand, suggest
that the differences in the sympathetic activation might depend
on 3 nonmutually exclusive mechanisms. First, we can specu-
late that they depend on the greater HOMA index, and thus on
the increased circulating plasma insulin values, reported when
iron overload is detected in essential hypertension because in-
sulin has been shownto-exert profound central sympathoex-
citatory effects.”***%! We can also speculate,that the. metabohc
abnormalities detected i patients, with hypertensrorrwnh iron

overload might be rcspons1ble for these dlffer;‘,nces g;ven the i ,

evidence that these alteratlons potentlate “particularly “when
combined together such as in the metabolic syndrome, cardio-
vascular sympathetic drive 3 We can finally advance the hypo-
thesis that the observed sympathetic differences might depend
on the iron overload per se because iron (1) impairs the ability
of reflexogenic areas anatomically located in the cardiac cham-
bers as well as in the pulmonary circulation (so-called cardi-
opulmonary volume receptors) to inhibit central adrenergic
neural outflow,** thereby contributing to the development
of the sympathetic overdrive and (2) favors, as free iron, the
occurrence of oxidative stress reactions, nitric oxide crowding,
and thus throughout different mechanisms (which may include
the inflammatory process and the immune reaction®) triggers
sympathetic activation.> This latter mechanism appears to be
supported by the finding that nitric oxide affects central sym-
pathetic neural outflow both directly and indirectly, that is, via
a vasodilatatory-induced reflex activation.*

Perspectives
Our study has some limitations and a clinical implication. One
limitation is that our data did not allow us to clarify the so-
called chicken-and-egg question, that is, whether the insulin
resistance state and the concomitant metabolic alterations
were the cause or rather the consequence of the sympathetic
activation.’”* A further limitation refers to the fact that we
could not assess indices of oxidative stress reaction activity of
iron to confirm a pathogenetic hypothesis. The clinical impli-
cation is that the activation of the sympathetic cardiovascular
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influences that occur in hypertension complicated by iron
alterations may represent one of the pathophysiological mech-
anisms responsible for the increased cardiovascular risk re-
ported in the iron overload states.*
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Novelty and Significance

What Is New?

The article reports the results of the first study ever done examining
whether and to what extent the sympathetic overactivity characterizing
essential hypertension is affected by an iron overload condition, which
frequently is found in the high blood pressure state, particularly when
associated with metabolic abnormalities.

Muscle sympathetic nerve traffic, heart rate and blood pressure variabil-
ity, spontaneous baroreflex sensitivity, different markers of iron metab-
olism, and metabolic variables were examined in patients with essential
hypertension without and with iron overload.

What Is Relevant?

Data show that patients with hypertension with iron overload display
muscle sympathetic nerve traffic values (1) significantly greater than
those detected in hypertensives without this condition and (2) signif-

icantly related to serum ferritin, transferrin saturation, and hepatic
iron load.

The greater levels of muscle sympathetic nerve traffic are accompanied by
increased low-frequency oscillations of systolic blood pressure variability.
The sympathetic activation detected in patients with hypertension with
iron overload is significantly and directly related to homeostatic model
assessment index.

Summary

Patients with hypertension with iron overload display a potentiation
of the sympathetic activation characterizing high blood pressure
which appears to be related to iron load and to the metabolic al-
terations frequently accompanying this condition. The adrenergic
activation may participate in determining the increased cardiovas-
cular risk associated with iron overload.






