
HIGH-NORMAL BLOOD PRESSURE IS ASSOCIATED WITH
INCREASED RESTING SYMPATHETIC ACTIVITY BUT NORMAL
RESPONSES TO STRESS TESTS

Dagmara Hering1, Tomas Kara2,3, Wiesława Kucharska1, Virend K. Somers3, and Krzysztof
Narkiewicz1,3

1Department of Hypertension and Diabetology, Medical University of Gdansk, Gdansk, Poland
2International Clinical Research Center - Department of Cardiovascular Diseases, St. Anne’s
University Hospital Brno, Brno, Czech Republic 3Divisions of Cardiovascular Disease and
Hypertension, Mayo Clinic, Rochester, MN

Abstract
Objective—High-normal blood pressure (BP) increases the risk of cardiovascular (CV) disease.
The mechanisms underlying this increased risk are not clear. Sympathetic activation appears to be
a potential mechanism linking high-normal BP to CV disease. This study examined whether high-
normal BP compared to optimal BP is linked to sympathoexcitation at rest and/or during
laboratory stressors.

Methods—Heart rate (HR), BP and muscle sympathetic nerve activity (MSNA) were obtained at
rest and during stress tests (sustained hand grip and mental stress) in 18 subjects (15 males and 3
females) with high-normal BP (systolic BP of 130 to 139 mm Hg, diastolic BP of 85 to 89 mm
Hg, or both) and in 12 subjects (10 males and 2 females) with optimal BP (<120/80 mm Hg)
matched for age (34±3 years in both groups) and body mass index (25±2 kg/m2 in both groups).

Results—Despite the higher resting BP levels, MSNA was higher in subjects with high-normal
BP than in the optimal BP group (26±3 vs 18±2 bursts/min, P<0.05). During sustained hand grip,
MSNA increased by 37±14% in high-normal BP group compared with an increase of 49±15% in
optimal BP group (P=0.55). Changes during mental stress were 50±28% and 37±12%,
respectively (P=0.73). There were no significant differences in SBP responses to handgrip and
mental stress between the high-normal and optimal BP groups. Baseline HR and chronotropic
responses to stress tests were comparable between the two groups.

Conclusion—In comparison to optimal BP, high-normal BP is associated with increased resting
MSNA, but normal neural and circulatory responses to stress tests. These findings suggest that
tonic activation of the sympathetic nervous system may precede overt arterial hypertensionand
contribute to an excess risk of CV disease in subjects with high-normal BP.
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INTRODUCTION
Both cardiovascular (CV) morbidity and mortality are strongly related to both systolic and
diastolic blood pressure (BP). Prospective longitudinal studies have demonstrated that the
CV risk rises as BP increases from a threshold of 115/75 mm Hg (1). The Framingham
Heart Study has shown that the risk of future major CV events in subjects with high-normal
BP (SBP between 130 and 139 mmHg, and/or DBP between 85 and 89 mm Hg) is two-fold
greater than in those with optimal BP (<120/80 mm Hg) (2). The mechanisms underlying
this increased risk are not entirely understood, and several blood pressure-independent
factors might be implicated.

Microneurographic studies provided strong evidence of increased muscle sympathetic
activity (MSNA) in established hypertension (3–5). The contribution of sympathetic
activation to the earlier grades of BP elevation is less clear, and prior studies have reported
conflicting findings (6–12). These studies focused primarily on patients with so called
“borderline” hypertension which is not recognized by the current hypertension guidelines.
The study evaluating MSNA in subjects with high-normal BP was limited solely to the
resting condition (12). Whether high-normal BP is associated with potentiated sympathetic
and hemodynamic responses to stressors remains unknown. We therefore examined pressor,
cardiac and sympathetic responses to mental and physical stressors in subjects with high-
normal BP compared to individuals with optimal BP.

METHODS
Subjects

We studied 18 subjects (15 males and 3 females) with high-normal BP (systolic pressure of
130 to 139 mm Hg, diastolic pressure of 85 to 89 mm Hg, or both) and 12 subjects (10 males
and 2 females) with optimal BP (<120/80 mmHg) matched for age (34±3 years in both
groups) and body mass index (25±2 kg/m2 in both groups). All subjects were Caucasian
recruited from the same single geographic region (Gdansk community). Office-seated BP
was defined as an average of six measurements during two separate visits. None of the
subjects was taking any medication nor had any history of chronic diseases. The studies
were approved by the Institutional Review Board on Human Investigation and written
informed consent was obtained.

Measurements
HR was recorded concurrently from surface electrodes using a 12 lead switch box system
(Dual Bio Amp, ADInstruments, Ltd. Oxford, United Kingdom). BP was measured
continuously by the Finometer Medical System (FMS B.V., Amsterdam, the Netherlands).
Respiration was measured by respiratory belt transducer (ADInstruments, Ltd. Oxford,
United Kingdom). Sympathetic nerve activity to the muscle vascular bed was recorded
continuously by obtaining multi-unit recordings of efferent postganglionic sympathetic
nerve activity using microneurography (662C-3 Nerve Traffic Analysis System,
Bioengineering of Iowa University, USA). A tungsten active microelectrode (UNA 40F2S,
FHC Inc., Bowdoinham, ME, USA) was inserted directly into the muscle fascicle of the
peroneal nerve posterior to the fibular head. A reference electrode was positioned into the
muscle 2–3 cm away from the recording electrode. The neural signals were amplified,
filtered, rectified, and integrated to obtain a voltage display of sympathetic nerve activity.
The inter-individual variability of MSNA assessed as the coefficient of variation (CV),
defined as the standard deviation of the repeated measure divided by the average of the two
measurements (visit 1 and visit 2) in our laboratory is 4.18±0.98. The following correlation
was observed between visit 1 and visit 2 (R2=0.97).
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Protocol and procedures
All studies were carried out in the morning after a standard light breakfast. All subjects were
asked to avoid smoking for at least 12 hours prior to each study and abstain from alcohol for
at least 48 hours. Subjects were studied in the supine position. HR, BP, respiration and
MSNA were measured at rest and during physical and mental stressors (sustained hand grip
and mental arithmetic).

After 15 minutes of rest, baseline measurements were obtained over ten minutes. Hand grip
and mental stress tests were then conducted with a 15-minute interval between each stressor.
The isometric handgrip test was performed by asking the subject to sustain a handgrip of
30% of their maximum voluntary contraction for 3 minutes using a dynamometer. The
mental stress test involved asking the subject to do serial subtractions as fast as possible for
3 minutes.

Data Analyses—Tracings of ECG, blood pressure, respiration and MSNA were recorded
with the PowerLab data acquisition system (AD Instruments; Ltd. Oxford, United
Kingdom). The amplitude of each burst was determined and muscle sympathetic activity
was calculated as burst frequency (bursts/min) and as burst incidence (bursts/100 heartbeats)
and multiplied by mean burst amplitude and expressed as units/min. Changes in integrated
MSNA allowed an evaluation of intra-subject changes in sympathetic traffic during the same
recording session. A random code was attributed to all recordings and all data analyses were
performed completely blinded to the identity of the subject. Muscle sympathetic bursts were
identified by a single experienced investigator.

Results are expressed as means ± SEM. Comparisons between the two groups were made by
an unpaired Student’s t-test. A P<0.05 was considered significant.

RESULTS
Resting MSNA was elevated in subjects with high-normal BP compared to the optimal BP
(26±3 vs 18±2 bursts/min, P<0.05) (Figure 1a). Similar results were obtained when MSNA
was expressed as burst incidence (38±3 vs 26±3 bursts/100 heartbeats, P<0.05), respectively
(Figure 1b).

Baseline HR was similar between the two groups (Table 1).

BP, HR and MSNA significantly increased in response to mental stress and hand grip in
both groups, but this increase was not different in the high-normal group when compared to
the optimal BP group (Table 2).

In the high-normal BP group, baseline MSNA was not related to MSNA changes during
handgrip (r=0.12; P=0.63) or mental stress (r=0.10; P=0.70).

DISCUSSION
The major finding of the present study is that high-normal BP is associated with increased
resting sympathetic activity, and normal sympathetic and hemodynamic responses to
physical and mental stress tests. These findings support the concept that tonic or resting
activation of the sympathetic nervous system may precede overt arterial hypertension and
contribute to an excess risk of CV disease in subjects with high-normal BP.

It has been suggested that balance between tonic levels of resting sympathetic activity and
adrenergic responsiveness importantly contributes to BP regulation, and its disruption may

Hering et al. Page 3

Blood Press. Author manuscript; available in PMC 2014 March 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



be a factor in the development of hypertension (13). Therefore, we decided to evaluate both
resting measurements and stress-induced changes in sympathetic activity using
microneurography which remains the golden standard technique for assessment of
autonomic CV regulation. Additionally, we were specifically interested in CV and
sympathoadrenal reactivity to mental stress which has been previously shown to be more
reproducible than responses to the cold pressor test (14). Our data indicate that in the
individuals with high-normal BP, the magnitude of MSNA response to acute stress is not
predicted by resting levels of sympathetic activation.

A prior study based on measurements of plasma catecholamines reported that young healthy
men with elevated screening BP are characterized by increased sympathetic activity (15).
Importantly, norepinephrine and epinephrine concentrations during mental arithmetic tests
have been shown to predict future BP elevation (16). Earlier studies using microneurography
have reported conflicting results regarding sympathetic activity at rest in subjects with early
stages of BP elevation, with some studies reporting normal (6–9) or increased (10–12)
MSNA in subjects with high-normal BP or “borderline” hypertension. Conflicting results
have also been reported in studies examining responses to acute stress. Elevated BP has been
associated with either increased (11), normal (9) or decreased (17) MSNA responses to
various types of stressors.

Our findings of higher resting MSNA in subjects with high-normal BP are in line with data
from Greenwood et al. (12). However, this study was solely restricted to resting assessment
without an evaluation of sympathetic responses to laboratory stressors. We evaluated acute
sympathetic responsiveness to both physical and mental stress. The responses to mental
stress have been implicated in the pathogenesis of hypertension and CV disease (18,19). Our
findings are not consistent with the “pressor reactor” hypothesis, suggesting that the link
between high-normal BP and CV risk is unlikely to be mediated via potentiation of acute
sympathetic and hemodynamic responses to physical and mental challenges. These findings
do not speak against the compelling link between chronic stress and hypertension. Our data
seems to indicate that this relationship may be mediated through tonic activation of the
sympathetic nervous system, but not enhanced acute sympathetic responsiveness.

Elevated HR has been implicated in the development of hypertension and CV disease (20).
In our study, baseline HR was not dissimilar between the two groups despite increased
MSNA in subjects with high-normal BP. These findings suggest that HR cannot serve as a
proxy of sympathetic nervous activity in middle-aged subjects with mild elevation of BP.
However, it is important to consider that an increase in BP will induce lower levels of HR
and MSNA. Therefore, we are likely to understand the magnitude of chronotropic and
sympathetic drive in the high-normal BP group, since both heart rate and MSNA in these
subjects would be increased further if BP was reduced to the level observed in the optimal
BP group.

Potential limitations of our study include the relatively small number of subjects that may be
criticized as unpowered. However, all subjects were comprehensively evaluated for resting
BP level and were matched for age and BMI to exclude the effects of aging and excessive
weight on resting sympathetic activity. Secondly, we have not performed other
measurements of sympathetic tone including plasma catecholamine and noradrenaline
spillover. However, reproducibility and sensitivity of plasma catecholamine is poor
compared to MSNA (21). While direct measurements of MSNA from the peroneal nerve
reflects approximately 20% of the total body sympathetic activity (22) and is closely related
to renal noradrenaline spillover (23). Third, given the lack of agreement between
neurohumoral, neurophysiological and spectral analysis of low-frequency heart rate in
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different conditions and disease (24), we have not included data regarding spectral analysis
of heart rate variability.

In conclusion, high-normal BP is characterized by tonic activation of the sympathetic
nervous system, but not enhanced acute sympathetic responsiveness. Chronic sympathetic
overactivity may substantially contribute to development of sustained BP elevation and to an
excess risk of CV complications in subjects with high-normal BP. While our findings
applied to the individuals with high-normal BP, this may also be relevant to understanding
neural circulatory mechanisms in subjects with pre-hypertension.
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Figure 1.
Baseline muscle sympathetic nerve activity (MSNA) in subjects with optimal and high-
normal blood pressure (BP) as expressed as bursts/min (Fig. 1a) and bursts/100 heartbeats
(Fig. 2a). Values are means ± SEM.
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Table 1

Resting blood pressure and heart rate in subjects with optimal and high-normal blood pressure (BP).

Measurement Optimal BP High-normal BP P

SBP (mmHg) 116±2 138±2 <0.001

DBP (mmHg) 74±1 83±2 0.002

HR (bpm) 70±3 67±3 0.54

Values are means ± SEM. SBP indicates systolic blood pressure; DBP diastolic blood pressure; HR, heart rate.
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Table 2

Systolic blood pressure, heart rate and MSNA responses to handgrip and mental stress tests in subjects with
optimal and high-normal blood pressure (BP).

Measurement Optimal BP High-normal BP P

Handgrip test

Δ SBP (mmHg) 9.2±2.7 9.6±1.8 0.90

Δ HR (bpm) 4.0±0.8 6.1±1.2 0.14

Δ MSNA (%) 49±15 37±14 0.55

Mental stress

Δ SBP (mmHg) 5.8±2.1 3.5±1.5 0.37

Δ HR (bpm) 6.0±1.8 8.3±2.1 0.45

Δ MSNA (%) 37±12 50±28 0.73

Values are means ± SEM. SBP indicates systolic blood pressure; HR, heart rate; MSNA, muscle sympathetic nerve activity.
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