Nocturnal Cardiovascular Activity in Essential Hypotension: Evidence of
Differential Autonomic Regulation
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Objective: Essential hypotension represents a form of chronic low blood pressure (BP) not explained by medical or orthostatic
conditions. The pathogenesis of essential hypotension may involve sympathetic hypoactivation and other forms of autonomic dys-
regulation. The aim of the current study was to investigate autonomic and cardiovascular activity during sleep in individuals with
essential hypotension. Methods: A case-control study was conducted in 14 individuals with essential hypotension (mean [standard
error] =23.4 [0.6] years, all women) and 14 controls (mean [standard error] age = 22.2 [0.4] years, all women). The following measures
were collected over a night of sleep: BP, heart rate (HR), stroke volume, cardiac output (CO), preejection period (PEP), total peripheral
resistance, and time-domain measures of HR variability. Results: Hypotensive participants had consistently lower BP, HR, and CO
than did normotensives. Cardiac autonomic variables revealed enhanced parasympathetic tone (proportion of adjacent normal-to-normal
intervals that differed in length by more than 50 milliseconds = 40.8 [6.3] versus 23.4 [4.5], p = .03) and reduced sympathetic drive
in hypotensives (PEP = 99.4 [3.6] versus 86.1 [4.3], p = .02). Analysis of temporal profiles showed that HR, stroke volume, and CO
decreased throughout the night in both groups, whereas PEP and HR variability increased. Unlike controls, BP remained essentially un-
changed in hypotensives, as the decrease in CO was counterbalanced by a parallel rise in total peripheral resistance. Conclusions: These
findings suggest that nocturnal cardiac sympathetic withdrawal combined with vagal hyperactivity is a characteristic of the autonomic
regulation in essential hypotension. Key words: autonomic nervous system, blood pressure, heart rate variability, hypotension,

impedance cardiography.

BMI = body mass index; BP = blood pressure; CO = cardiac output;
DBP = diastolic blood pressure; ECG = electrocardiogram; EOG =
electrooculogram; HR = heart rate; HRV = heart rate variability;
ICG = impedance cardiography; MBP = mean blood pressure;
NN = normal-to-normal intervals; PEP = preejection period; pNN50 =
proportion of adjacent NN intervals that differed in length by more
than 50 milliseconds; PSG = polysomnography; PSQI = Pittsburgh
Sleep Quality Index; RMSSD = squared differences between
consecutive NN intervals; RR = respiratory rate; SBP = systolic
blood pressure; SE = standard error; SNS = sympathetic nervous
system; SV = stroke volume; TPR = total peripheral resistance;
ANOVA = analysis of variance.

INTRODUCTION

ccording to the World Health Organization, hypotension is
defined as a condition of systolic blood pressure (SBP)
below 110 mm Hg in men and below 100 mm Hg in women (1).
Essential hypotension refers to a form of chronic low blood
pressure (BP) that is not caused by a primary medical disease (i.e.,
secondary hypotension) or a response to upright posture (i.e.,
orthostatic hypotension) but occurs in the absence of any identified
pathological factors. In addition to SBP values defined by the
World Health Organization, a concomitant diastolic BP (DBP)
lower than 60 mm Hg has also been proposed for diagnosis (2,3).
Epidemiological data suggest that essential hypotension af-
fects 2% to 3% of the general population (4,5). The prevalence
has been found to be higher in women and in the young (6,7),
occurring in up to 10% to 20% of the female population aged
20 to 40 years (8).

From the Department of General Psychology (N.C, M.d.Z., N.C., M.S.,L.S.),
University of Padova, Padova, Italy.

Address correspondence and reprint requests to Naima Covassin, PhD,
Department of General Psychology, University of Padova, Via Venezia 8, 35131
Padova, Italy. E-mail: naima.covassin@unipd.it

This work was supported by the project WP1B1518 from the Italian Space
Agency.

No conflicts of interest, financial or otherwise, are declared by the authors.

Received for publication October 10, 2011; revision received June 19, 2012.

DOI: 10.1097/PSY.0b013e318272db69

952
0033-3174/12/7409-0952
Copyright © 2012 by the American Psychosomatic Society

As documented by large population-based studies, people
with essential hypotension frequently complain of fatigue, diz-
ziness, faintness, headache, cold limbs, and mood disturbances
(9-12). Other clinical features are decreases in cerebral blood
flow (13-15), cortical activity (16—18), and body temperature
(6,19) as well as cognitive impairment (for a review, see
Ref. (20)), thus resulting in reduced subjective well-being and
quality of life (10-12). Despite subjective complaints, there
is compelling evidence that steady low BP carries a protective
effect, reducing the mortality risk for both cardiovascular and
noncardiovascular deaths in the general population (21-23).

Little is known about the etiology of essential hypotension,
unlike essential hypertension, which has been extensively in-
vestigated, yielding considerable knowledge about the path-
ogenetic processes involved (for a review, see Ref. (24)). An
autonomic dysregulation has been hypothesized as the mech-
anism underlying this condition (6,14,25). Indeed, decreased
heart rate (HR), stroke volume (SV), and cardiac output (CO)
(6,26) as well as enhanced baroreflex sensitivity (27) have been
described in hypotensive individuals compared with normo-
tensive individuals both at rest and in response to stress tasks.
These findings have been interpreted as suggestive of a sym-
pathetic hypoactivation (6,25). The effectiveness of sympatho-
mimetic agents in providing relief from acute symptoms and
in improving cognitive functions in people with hypotension
provided further support to this hypothesis (28-30). However,
it should be noted that neither cardiac nor vascular pure sym-
pathetic indexes have been measured in the studies mentioned.
Furthermore, an augmented parasympathetic tone could also be
involved in the pathophysiology of essential hypotension.

HR variability (HRV) is commonly used as a noninvasive
and validated method to estimate autonomic modulation of the
heart. Traditionally, HRV can be assessed in either time or
spectral domains, providing information on autonomic balance.
The high-frequency oscillations spectrum reflects the vagal drive,
whereas the low-frequency cyclic fluctuations are regarded to be
mediated by both the parasympathetic and the sympathetic
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branches (31,32). Thus, the pure sympathetic influence is dif-
ficult to assess by means of HRV analysis. An alternative sym-
pathetic nervous system (SNS) index is the preejection period
(PEP), which corresponds to the time interval from the onset
of ventricular depolarization to the opening of semilunar valves.
Because the ventricular myocardium is mainly innervated by
SNS fibers, this measure, derived by impedance cardiography
technique, is considered to be inversely related to sympathetic
B-adrenergic activity (33-35).

Sleep is a condition relatively free of external disturbances
that can influence physiological measurements during wake-
fulness (e.g., emotional status and degree of cooperation). In
addition, the autonomic system is known to play a key role in
modulating the cardiovascular activity during sleep (for a re-
view, see Ref. (36)). Thus, the analysis of the hemodynamic
and neurovegetative pattern during sleep in essential hypoten-
sion may provide relevant insights into this condition.

To the best of our knowledge, the cardiovascular evolution
throughout the night has yet to be investigated in essential hy-
potension. Also, whether hypotensive individuals have a different
autonomic regulation during sleep compared with normotensive
individuals is unknown.

The aim of the present study was to explore the overnight
profile of cardiovascular activity during sleep in essential hy-
potension by means of a wide range of measures. To clarify the
postulated autonomic imbalance in hypotensive participants,
we sought to examine the nocturnal cardiac autonomic regu-
lation by assessing the involvement of both neurovegetative
divisions. In particular, for this latter purpose, the PEP and
vagal-related time-domain measures of HRV were estimated as
noninvasive markers of cardiac sympathetic and parasympa-
thetic drives, respectively. We hypothesized that the nocturnal
autonomic pattern in essential hypotension is characterized by
both sympathetic hypoactivation and vagal hyperactivity, resulting
in blunted hemodynamics overnight in hypotensive participants
compared with normotensive participants.

METHODS

Participants

Fourteen essential hypotensive participants (mean [standard error], or
M [SE], age = 23.4 (0.6) years, range = 21-29 years) and 14 normotensive
participants (M [SE] age = 22.2 (0.4) years, range = 19-25 years) participated
in this study. All subjects were recruited through advertisements placed in the
University of Padova. Given the extremely low rate of essential hypotension
in men (4,6-8), the sample was restricted to women.

By considering the high circadian and day-to-day variability in BP (37-39),
the following screening procedure including multiple office BP readings was
applied 1 week before the experiment. Three sessions were carried out in the
following timetables: 9 to 10 am, 1 to 2 pm, and 5 to 6 pm. Each participant un-
derwent all three BP measurement sessions in a randomized order. All subjects
abstained from alcohol for 24 hours and from food, tobacco, and beverages
containing caffeine for at least 3 hours before each BP measurement. After a
resting period of 10 minutes, three readings were taken with 3-minute interval
in between. BP was measured in sitting position by using a mercury sphygmo-
manometer, with a standard cuff fitted to the nondominant upper arm. Korotkoff
phases I and V were used to identify, respectively, SBP and DBP values, with a
deflation rate of 2 mm Hg/s.

Overall, 9 BP measurements were collected for each participant. To account
for alerting reactions to the measurement procedure (40), the first reading of
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each session was discarded; thus, the screening SBP and DBP values were
derived by averaging six measurements. Participants were classified as hypo-
tensive if the mean SBP level was lower than 100 mm Hg and the mean DBP
level was lower than 60 mm Hg. Participants reporting a mean SBP level of at
least 110 mm Hg, regardless of DBP, were defined as normotensive.

A positive history of hypotensive symptoms (e.g., dizziness, faintness,
and fatigue) was ensured before enrolling hypotensive participants. Screening
procedures also included the administration of the Pittsburgh Sleep Quality
Index (PSQI; (41)) to assess sleep quality. A cutoff of 5 or more was applied
to identify sleep disturbances. Lastly, participants also filled out a questionnaire
to collect medical and psychiatric anamnesis and investigate habits with re-
gard to smoking, alcohol, caffeine, and drugs consumption. In addition, data
about weight and height were collected to allow calculation of body mass
index (BMI; in kilograms per meter squared). Exclusion criteria for both
groups were as follows: a BMI of at least 30 kg/m?; a score of 5 or more on the
PSQIL; excessive tobacco, alcohol, or caffeine consumption; assumption of
drugs or medications known to affect cardiovascular or nervous system; and
medical or psychiatric diseases.

The experimental protocol was approved by the Ethics Committee of the
University of Padova. Each participant signed an informed consent form before
commencement of the study and received 100 Euros for participation. Data
were collected between September 2010 and February 2011.

Polysomnography

Full polysomnography (PSG) included electroencephalograms (O1-A2, O2-
Al, C3-A2, C4-Al, F3-A2, F4-Al), electrooculograms (EOGs; right EOG-A1,
left EOG-A2), electromyogram (submentalis muscle), electrocardiogram (ECG;
precordial II lead), thoracic and abdominal respiratory belts, oronasal therm-
istor, and pulse oximeter. PSG data were recorded using a computerized system
(Siesta; Compumedics, Melbourne, Australia). ECG signals were amplified,
band-pass filtered (1-100 Hz), and digitized at 500 Hz.

Sleep was manually 30-second scored according to standard criteria (42),
to obtain the following parameters: sleep onset latency (minutes), wake after
sleep onset (minutes), sleep efficiency (%), amount of rapid eye movement and
non-rapid eye movement sleep (minutes). For the purposes of the study, the first
occurrence after lights of at least 3 consecutive 30-second epochs scored as
sleep was used to identify sleep onset.

BP Monitoring

BP measurements were collected during PSG by means of an automated
oscillometric system (Spacelabs 90217; SpaceLabs Medical, Inc., Issaquah,
WA), with a cuff of appropriate size fitted to the nondominant upper arm. The
device was set to take BP readings at 10-minute intervals. The monitor was
previously calibrated against a mercury sphygmomanometer to ensure accuracy.

Systolic BP, DBP, and mean BP (MBP) were derived, and all recorded
measurements were manually checked for artifacts.

Impedance Cardiography

The impedance signal (Z,) and the first derivative of pulsatile impedance
(dZ/dr) were measured by Impedance Cardiograph Minnesota model 304 B
(IFM Inc., Greenwich, CT) through standard tetrapolar band electrode config-
uration, according to guidelines (43). The two inner (recording) bands were
placed around the base of the neck and around the thorax over the tip of the
xiphoid process. The two outer (current) bands were positioned around the neck
and thorax, at least 3 cm away from each of the recording electrodes. A 4-mA
alternating current at 100 kHz was transmitted through the two outer electrodes,
and Z, and dZ/d¢ signals were recorded from the two inner electrodes and digitized
at 500-Hz sampling rate. The samples were 30-second ensemble averaged by a
software system (COP-WIN software Bio-Impedance Technology, Chapel Hill,
NC) that summed the digitized beat-by-beat waveforms, time synchronized to
the R wave of the ECG, and divided by the number of cardiac cycles, filtering
respiratory, and movement artifact. The positions of the B point (i.e., the onset
of the left ventricular ejection) and the X point (i.e., the closure of the aortic valve)
in the dZ/dr signal and the Q wave in the ECG were automatically detected.
Moreover, each cardiac cycle was visually inspected and edited offline when the
algorithm failed to correctly detect these points.
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HR (beats per minute) was calculated as the number of heart beats per
minute. SV (ml) was derived using the Kubicek equation (44). CO (I/min) was
computed as HR x SV. PEP (milliseconds) was defined as the time interval
between the Q wave on the ECG signal and the B point on the dZ/d¢ signal. Total
peripheral resistance (TPR; dynes s/cm®) was calculated as (MBP/CO)* 80.

HRYV Time-Domain Analysis

An automated algorithm was applied to detect the R waves on the ECG and
compute the interbeat intervals. Isolated artifacts and missed and ectopic beats
were identified and replaced with interpolated interbeat interval data.

According to HRV guidelines (32), overall HRV was assessed by compu-
ting the standard deviation of normal-to-normal (NN) intervals (milliseconds).
High-frequency variability was determined as the square root of the mean of the
squared differences between consecutive NN intervals (RMSSD; milliseconds)
and the proportion of adjacent NN intervals that differed in length by more than
50 milliseconds (pNNS50; %). The Kubios HRV Analysis Software 2.0 (Matlab,
Kuopio, Finland) was used for the HRV analyses.

Given the impact of respiration on HRV (e.g., Refs. (45,46)), the respiratory
rate (RR; Hz) was also computed.

Study Design

After the screening procedure, participants were scheduled to undergo two
consecutive overnight PSGs in the Psychophysiology Sleep Laboratory of the
Department of General Psychology at the University of Padova. The first night
allowed for adaptation, and no data were analyzed. Participants were required to
refrain from smoking, drinking beverages containing alcohol or caffeine, and
taking naps the day before and during the day of scheduled PSGs. They were
admitted to the laboratory at 8 PM, and electrodes and monitoring equipment
were placed. They were allowed to engage in quiet activities (e.g., reading,
watching television, or listening to music) before lights out. Sleep period was
set from 12 PM to 8 AM (time of scheduled awakening).

Cardiovascular data were collected continuously throughout the night.

Data Analysis and Statistics

The first 7 hours after sleep onset were considered for the analyses of
physiological measures, selecting only stable sleep periods. Epochs of either
wakefulness or sleep disturbances as arousal or body movements were therefore
discarded, the latter accounting for 8% or less of the recording time. Values
were then averaged and analyzed in fourteen 30-minute intervals.

All data are expressed as M (SE).

N. COVASSIN et al.

Demographic, screening, and PSG data were compared by group using
unpaired 7 tests. To control for type I error, a multivariate analysis of variance
was run over the mean values of the night including all cardiovascular measures.
To assess the cardiovascular and autonomic activity as a function of time,
mixed-design analyses of variance (ANOVAs) consisting of group by time were
performed on physiological variables. Bonferroni post hoc comparisons were
performed on the significant effects, and the Greenhouse-Geisser correction was
applied where appropriate, with adjusted significance levels and nonadjusted
degrees of freedom reported. Partial eta-squared (n’p) was computed as a
measure of effect size. A p value less than .05 was considered significant for all
statistical analyses.

RESULTS

Demographic, Screening, and PSG Measures

Comparisons on demographic, screening and PSG data be-
tween groups are provided in Table 1.

Because BP values were used as the selection criteria for
each group, as expected, significantly lower screening SBP (¢ =
—15.49, p <.001), DBP (¢ = —6.59, p <.001), and MBP (z =
—10.35, p < .001) were recorded in hypotensive participants
compared with normotensive participants, whereas groups were
comparable with regard to age, BMI, and PSQI score. Likewise,
hypotensive and normotensive participants did not differ with
respect to any of the sleep parameters.

BP Variables

The multivariate analysis of variance conducted over the
mean cardiovascular values of the night revealed a significant
difference between hypotensive participants and controls across
all variables combined (omnibus F(11,16) = 4.05, p = .006,
7°p = 0.74).

Results of ANOVAs performed on all cardiovascular mea-
sures are summarized in Table 2.

As shown by the significant main effects of group, ANOVAs
revealed lower SBP (F(1,26) = 20.43, p < .001, n’p = 0.44),

TABLE 1. Demographic, Screening, and Polysomnographic Data

Hypotensive Participants (n = 14) Normotensive Participants (n = 14) t p

Demographics

Age, y 23.4 (0.6) 22.2(0.4) 1.61 12

BMI, kg/m? 21.6 (0.7) 23 (0.6) -1.52 14

PsQl 3.5(0.3) 3.1 (0.3) 0.75 46
Screening BP

SBP, mm Hg 88.8 (1.1) 1143 (1.2) -15.49 <.001

DBP, mm Hg 56.3(1.2) 68.5 (1.5) —6.59 <.001

MBP, mm Hg 67.1(1) 83.8 (1.3) —-10.35 <.001
PSG

SOL, min 13(2.3) 17.1(5.3) -0.72 .48

WASO, min 30.2 (6.3) 40 (7) —1.04 31

SE, % 91 (1.5) 88.1(2.2) 1.1 .28

NREM sleep amount, min 333.3(7.7) 333.5(7.4) —0.02 .98

REM sleep amount, min 103.5(7.2) 89.4 (6.2) 1.49 15

BMI = body mass index; PSQI = Pittsburgh Sleep Quality Index; BP = blood pressure; SBP = systolic BP; DBP = diastolic BP; MBP = mean BP, as DBP + 1/3(SBP —
DBP); PSG = polysomnography; SOL = sleep onset latency; WASO = wake after sleep onset; SE = sleep efficiency; NREM = non-rapid eye movement sleep;

REM = rapid eye movement sleep.
Values are means (standard error). Degrees of freedom = 26.
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TABLE 2. ANOVA Results for BP, ICG, and HRV Measures

Group Time Group x Time
Hypotensive Normotensive
participants participants F P 7°p F p 7°p F p 1°p
(n=14) (n=14)
BP
SBP, mm Hg 91 (1.5) 104.6 (2.6) 20.43 <.001 0.44 1.98 .04 0.07 1.55 12 0.06
DBP, mm Hg 549 (1.5) 60.6 (2) 5.35 .03 0.17 1.69 .09 0.06 2.1 .02 0.07
MBP, mm Hg 68.1 (1.4) 75.8 (1.9) 10.63 .003 0.29 1.99 .03 0.07 2.68 .003 0.09
ICG
HR, beats/min 63.8 (1.8) 72.7 (2.6) 7.66 .01 0.23 5.83 <.001 0.18 1.06 .39 0.04
SV, ml 92.8 (4.1) 94.7 (2.4) 0.16 7 0.01 13.45 <.001 0.34 1.39 2 0.05
CO, I/min 5.9(0.3) 6.9 (0.3) 5.25 .03 0.17 14.4 <.001 0.36 1.59 .09 0.16
TPR, dynes s/cm® 969.2 (53) 913.3 (38.2) 0.73 4 0.03 8.9 <.001 0.25 2.06 .04 0.07
PEP, ms 99.4 (3.6) 86.1 (4.3) 572 .02 0.18 5 <.001 0.16 1.52 15 0.06
HRV
SDNN, ms 92.6 (11) 72.2(10.1) 1.87 18 0.07 3.62 <.001 0.12 1.06 .39 0.04
RMSSD, ms 86.2 (15) 62.2 (14.5) 1.32 .26 0.05 2.08 .04 0.07 0.39 .89 0.01
RMSSDyoq 1.82 (0.06) 1.62 (0.06) 5.98 .02 0.19 2.69 .01 0.09 0.99 44 0.04
pNN50, % 40.8 (6.3) 23.4 (4.5) 5 .03 0.16 2.48 .01 0.09 0.92 .5 0.03
RR, Hz 0.26 (0.01) 0.26 (0.01) 0.07 .79 0.01 1.58 12 0.05 0.925 .51 0.03

BP = blood pressure; ICG = impedance cardiography; HRV = heart rate variability; n°p = partial eta-squared; SBP = systolic BP; DBP = diastolic BP; MBP = mean
BP; HR =heart rate; SV = stroke volume; CO = cardiac output; TPR = total peripheral resistance; PEP = preejection period; SDNN = standard deviation of normal-
to-normal (NN) intervals, RMSSD = square root of the mean of the squared differences between consecutive NN intervals; pNN50 = proportion of adjacent NN
intervals that differed in length by more than 50 milliseconds; RR = respiratory rate.

Values are means (standard error). Nighttime means are averages of the first 7 hours of sleep after sleep onset. Degrees of freedom for F statistics: group = 1, 26;

time = 13, 338; group X time = 13, 338.

DBP (F(1,26) = 5.35, p =.02, n’°p = 0.17), and MBP (F(1,26) =
10.63, p = .003, n°p = 0.29) in hypotensive participants com-
pared with normotensive participants throughout the night. The
SBP also decreased in both groups from sleep onset through out the
night (F(13,338)=1.98, p=.04, e =0.76, n’p=0.07). A time effect
was found also for MBP (F(13,338)=1.99, p=.03,€=0.84, n’p=
0.07), as well as a significant interaction group x time (F(13,338)=
2.68, p=.002, € = 0.84, n°p = 0.09), revealing that normotensive
participants exhibited a marked drop in MBP from sleep onset
across the night, followed by a rise approaching morning, whereas
the values remained unchanged in hypotensive individuals over
time. The interaction group X time observed in DPB (F(13,338) =
2.1,p=.02,e=0.81,°p=0.07) displayed the same profile as that
of MBP. Nocturnal temporal courses of BP values by group are
depicted in Figure 1.

Impedance cardiography Variables

As illustrated in Figure 2, hypotensive participants had a
significantly lower HR than did normotensive participants
(F(1,26)=17.66, p = .01, n*p = 0.23). Time effect also indicated
a progressive reduction in HR in the night in all participants
(F(13,338) = 5.83, p < .001, € = 0.42, n°p = 0.18). CO
exhibited a similar pattern, as it was reduced in the essential
hypotension group (F(1,26) = 5.25, p = .03, w’p = 0.17)
and continuously decreased during sleep in both groups
(F(13,338) = 14.4, p < .001, € = 0.41, n°p = 0.36). Regarding
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SV, a marked fall from sleep onset over time was detected in
all participants (F(13,338) = 13.45, p < .001, € = 0.66, n°p =
0.34). TPR, however, augmented during the night (£(13,338) =
8.9, p <.001, e = 0.64, n°p = 0.25), but the interaction group x
time showed that although the controls reported a nonsignif-
icant increase, hypotensive participants displayed a significant
progressive rise (F(13,338) = 2.06, p = .04, € = 0.64, n’p =
0.07). Lastly, PEP was found to be higher in hypotensive than
in normotensive participants (F(1,26) = 5.72, p = .02, n°p =
0.18) and to enhance throughout the night in both groups
(F(13,338) =5, p < .001, € = 0.64, n’°p = 0.16).

HRYV Variables

Considering HRV measures, as seen in Figure 3, a signifi-
cant time main effect characterized by a gradual increase over
the sleep period in both groups was observed for all variables
(standard deviation of NN interval, (13,338) =3.62, p <.001,
€=0.59, n’p=0.12; RMSSD, F(13,338)=2.08, p=.04,€=0.55,
7°p = 0.07; pNN50, F(13,338) =2.48, p=.01,e=0.61, n°p =
0.09). The pNNS50 was also found to be significantly more ele-
vated in hypotensive participants in comparison with the controls
(F(1,26)=5, p=.03, n°p =0.16). Because of the high dispersion
in the unstandardized RMSSD values, we calculated the log-
transformed RMSSD (RMSSD;,,). In addition to the time effect
(F(13,338) = 2.69, p = .01, € = 0.57, ”p = 0.09), a significant
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Figure 1. Nocturnal temporal profiles of blood pressure (BP) data in hypotensive
and normotensive participants. Values are means (standard error). Data are 30-minute
averages of the first 7 hours after sleep onset. Solid lines represent normotensive
participants; dashed lines represent hypotensive participants. SBP = systolic BP;
DBP = diastolic BP; MBP = mean BP.
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group effect was revealed for the RMSSDI,, (£(1,26) = 5.98,
p=.02, 7°p=0.19).
No significant effects were observed with regard to the RR.

DISCUSSION

In the current study, we investigated the cardiovascular and
autonomic activity during sleep in essential hypotension by ap-
plying a wide range of measures to obtain a deeper insight into
the pathophysiology of this condition. Hemodynamic measure-
ments displayed markedly diminished cardiovascular activity in
hypotensive participants compared with normotensive partici-
pants during sleep. In addition, analyses of cardiac autonomic
functions revealed that hypotensive individuals exhibited en-
hanced cardiac parasympathetic drive associated with reduced
sympathetic tone.

Regarding the cardiovascular pattern, as expected, hypoten-
sive participants reported markedly lower BP than did the con-
trols. Because TPR did not differ between groups, lowered BP
values are likely caused by the decreased CO, which resulted, in
turn, by diminished HR. These findings are in accordance with
previous studies that assessed hemodynamics in essential hy-
potension at rest, reporting decreased HR (6,26) and CO and no
differences in TPR (26) in comparison with the normotensive
condition. The abnormally low CO may lead to insufficient organ
perfusion, thereby accounting for the decreased body temper-
ature and cold limbs often reported by essential hypotension
individuals (6,12,19).

As expressed by augmented PEP values, a reduced cardiac
sympathetic output was recorded in hypotensive participants:
the longer the PEP, the lower the cardiac SNS tone. Because
PEP measures the velocity of isovolumic myocardial contrac-
tion, it also reflects cardiac contractility, which was thereby
reduced in this sample. On the other hand, vagal-related HRV
indexes (i.e., pPNN50 and RMSSD,,,) also revealed heightened
cardiac vagal tone in hypotensive participants compared with
normotensive participants throughout the night, suggesting that
the parasympathetic system is also affected in essential hypotension.

It is also noteworthy that the different physiological pattern
we observed between groups is unlikely to be ascribed to dif-
ferences in sleep because their PSG parameters were found to
be comparable. More sophisticated analysis (e.g., cyclic alter-
nating pattern or spectral electroencephalographic investiga-
tion) may unmask subtle group differences.

Unlike the other forms of hypotension (i.e., orthostatic and
secondary hypotension), there is a paucity of data about the
chronic condition. Prior investigations reported reduced car-
diovascular and electrodermal activity in hypotensive indivi-
duals at rest and in response to stress tasks (6,25,26), ascribing
these data to a sympathetic hypoactivation. Results from phar-
macological trials aimed at examining the effect of sympatho-
mimetic agents in reducing hypotensive symptoms are in line
with this interpretation (28—-30).

Our findings support and extend the postulated autonomic
dysfunction in essential hypotension, yielding further infor-
mation about the physiological mechanisms associated with
this condition. By examining the cardiac autonomic modulation
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during sleep, we observed not only a sympathetic withdrawal
but also a parasympathetic hyperactivity in hypotensive parti-
cipants, which likely led to their diminished cardiac activity.
Regarding the overnight time course, all participants exhibi-
ted the typical nocturnal cardiac autonomic regulation, with a
progressive shift from sympathetic toward parasympathetic prev-
alence. Indeed, all time-domain HRV measures augmented grad-
ually through the night, including the indexes that reflect vagal
tone (i.e., RMSSD and pNNS50). The enhanced cardiac para-
sympathetic drive was combined with a parallel sympathetic
withdrawal shown by lengthening in PEP, in agreement with
the prior investigations (47-50). Consistently, HR and SV fell
continuously from sleep onset throughout the sleep period in
both groups, leading to a reduction in CO (47-49,51,52).
Nonetheless, analysis of temporal profile also revealed in-
teresting differences between groups. The BP trend observed
in normotensive participants is in accord with the literature
(53-55), showing a progressive decrease over time and a rise
in the latter part of the night before awakening. As previously
reported (51,52,56), the expected fall in BP was conceivably
caused by a drop in CO because TPR showed no significant
changes in the night. On the contrary, hypotensive participants
displayed a blunted reduction only in SBP, whereas DBP and
MBP remained unchanged during sleep. The loss of nocturnal
variation in BP in essential hypotension seems to be owned by
both CO and TPR changes. In hypotensive individuals, unlike
with normotensive individuals, as CO decreased throughout
the night, TPR increased, counterbalancing the fall in CO to
maintain BP at steady values. We can speculate that the parallel
rise in TPR occurred as a compensatory response for the pro-
gressive drop in CO, which otherwise might have resulted in
an excessive and thus potentially harmful nocturnal fall in BP.
The augmentation in TPR needs further examination. Keeping
in mind the progressive lowering in cardiac sympathetic drive
during the night, this effect seems discrepant. Although a con-
sistency in discharge over targets can be assumed, sympathetic
and parasympathetic outputs have been demonstrated to vary
substantially at different organ sites (31,57-59). Therefore, the
reduction in the heart SNS tone we observed might not have
occurred likewise on vasculature. Beyond the direct sympa-
thetic modulation, it should be taken into account that several
factors are involved in regulating the vasculature, such as bar-
oreflexes, chemoreflexes, blood viscosity, blood volume, ves-
sels length, nitric oxide, renin-angiotensin-aldosterone system,
and central inputs (60—65). In particular, as prior reports have
shown an enhanced baroreflex sensitivity in essential hypo-
tension (27), an overresponsivity of this reflex could have
contributed to BP regulation by rising the TPR to contrast the
decrease in CO (62). This finding also challenges the hypoth-
esis recently advanced by Duschek and coworkers (26) that the

Figure 2. Nocturnal temporal profiles of impedance cardiography data in hypo-
tensive participants and normotensive participants. Values are means (standard error).
Data are 30-minute averages of the first 7 hours after sleep onset. Solid lines represent
normotensive participants; dashed lines represent hypotensive participants. HR =
heart rate; SV = stroke volume; CO = cardiac output; TPR = total peripheral
resistance; PEP = preejection period.
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Figure 3. Nocturnal temporal profiles of standard deviation of heart rate variability
data in hypotensive and normotensive participants. Values are means (standard
error). Data are 30-minute averages of the first 7 hours after sleep onset. Solid
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nature of essential hypotension primarily involves the cardiac
activity rather than the vascular one, postulated by observing
a diminished CO in the absence of differences in TPR. Indeed,
despite a lack of group differences in TPR, a contribution of
vascular factors cannot be completely ruled out because hy-
potensive participants showed an involvement of this variable
in modulating BP throughout the night. However, only specu-
lative interpretation can be advanced because the role played by
these mechanisms cannot be directly addressed within the con-
text of the present analysis.

In the current study, we performed an accurate sample se-
lection by means of multiple BP measurements. Particular
attention was paid to enroll only hypotensive individuals in
which the chronic low BP was primary, thus carefully excluding
secondary forms. Nonetheless, some limitations should be ad-
dressed. The main limitation of this investigation is that the
sample consisted of women only. Because there is some evi-
dence of sex differences in autonomic functions (66,67), we
cannot rule out that this might have influenced our findings.
However, because the results we found in normotensive parti-
cipants are consistent with the literature (see earlier discussion),
we can reasonably assume that the reliability and generaliz-
ability of our data are not reduced by the sample selection. The
relatively small sample size might also have reduced our sta-
tistical power in detecting significance (for instance, with re-
gard to the group difference in the BMI).

Concerns may arise when considering PEP to estimate sym-
pathetic influences on heart. Although several investigations have
documented this measure as inversely related to cardiac sympa-
thetic B-adrenergic activity (33—35), it can also be affected by
variations in afterload (i.e., rise in BP may lead to augmentation
in PEP) (43). The lengthening in PEP throughout the night
might have reflected the increase in time required to overcome
the more elevated external pressure caused by the heightening
in BP, rather than a decrease in SNS output. Nonetheless, be-
cause BP fell during sleep in normotensive participants and
remained substantially unchanged in hypotensive participants,
we can reasonably exclude that changes in BP contributed sig-
nificantly to the augmentation in PEP values we detected in both
groups. Moreover, the finding of higher PEP in hypotensive par-
ticipants, which also exhibited lower BP, gives further strength
to this interpretation.

Similarly, although HRV analysis is widely recognized as a
reliable method to assess cardiac autonomic control (31,32), the
effect exerted by respiration cannot be overlooked because it
may bias the relationship between HRV and cardiac vagal tone
(45,46). Given the respiratory residual vagal activity, further
caution is needed when considering between-individual dif-
ferences (45). To account for respiratory confounds, we ana-
lyzed the breathing pattern over the night. Unlike from HRV
indexes, RR did not vary significantly either throughout the
sleep period or between groups. In addition, it is noteworthy
that the HR data mirrored the HRV results, both between-group
and within-condition comparisons. Hence, the interpretation
of changes in vagal-related HRV indexes in terms of mod-
ifications in cardiac vagal drive seems justified.
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Despite reduced subjective well-being in individuals (11,68),
there is broad evidence demonstrating that low BP represents
a benign risk factor, reducing the likelihood of cardiovascular
events and enhancing overall life expectancy in the general pop-
ulation (21-23). Taken together, our findings support this asso-
ciation between hypotension and reduced mortality and morbidity.
In fact, the pattern we detected in hypotensive participants,
characterized by decreased HR, low cardiac contractility, and
heightened vagal tone, in addition to reduced BP, has been do-
cumented by several epidemiological investigations to reflect
diminished health risk (32,57,69,70). However, because our
results have been obtained from a relatively small sample and in
a cross-sectional study, large prospective examinations targe-
ted at identifying the variables accounting for this relationship
are warranted.

In sum, we observed a diminished cardiovascular activity
during sleep in essential hypotensive participants compared
with normotensive participants, which reflected a decreased sym-
pathetic drive combined with an augmented vagal tone, thus
leading support to the autonomic dysfunction postulated in
essential hypotension. Whether both neurovegetative divisions
are primarily affected or the dysregulation occurring in one
branch leads, in turn, to the dysfunction in the other is still
unknown. This issue requires further investigations to be clar-
ified, as well as the role played by each autonomic system in
eliciting the symptoms complained by hypotensive individuals.
A systematic comparison of subjective disturbances between
hypotensive and normotensive individuals would be of interest.
In addition, given the evidence for altered autonomic cardiac
control in hypotensive individuals and the involvement of pe-
ripheral resistance in setting nocturnal BP, it would also be
worthwhile to assess vascular activity and, particularly, sym-
pathetic a-adrenergic drive to obtain a more comprehensive
insight into this condition. In this context, additional measures
of neurovegetative outflows over different organ sites aside from
the cardiovascular system, such as the pupil or the airway smooth
muscles, should be used to support the generalizability of the
results to the entire autonomic system.
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