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Abstract

scant information is available on the alterations in cardiac structure and function characterizing very elderly people as well
as on their relationships to clinic and ambulatory blood pressure (BP) values. In 106 subjects aged 95.3 £3.7 years
(mean = standard deviation, 89 nonagenarians and 17 centenarians) in good clinical conditions and living in the municipal
house in Milan, we measured, along with standard clinical and laboratory variables, clinic BP, 24-h ambulatory BP and
echocardiographic parameters. Forty-five of the recruited subjects were normotensive individuals, whereas 61 were treated
hypertensive patients. Subjects with an age greater than 90 years showed clinic systolic (SBP) and diastolic BP (DBP) both
within the normal range, with values that for clinic SBP were slightly lower than the corresponding 24-h SBP (120.8 +15.9
vs 128.0 £16.3 mmHg) and for DBP slightly higher (69.7 = 8.8 vs 64.9 = 8.0 mmHg). Daytime average mean BP was
slightly lower than night-time average mean BP, indicating the attenuation of the BP reduction during night-time. Left
ventricular mass index (ILVMI) was increased and significantly related to both 24-h and clinic BP values (r=0.24, p<0.04
and r=0.20, p<0.05). Thus in nonagenarians and centenarians, abnormalities in left ventricular pattern are of frequent

detection and may be related both to the ageing process and to BP load.
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Introduction

Several studies have described the haemodynamic
and metabolic characteristics of subjects belonging
to the more advanced age strata (1-6). However, data
on individuals above 90 years of age are still limited,
particularly with regard to the 24-h blood pressure
(BP) profile and its relationship to clinic BP and
cardiac structure and function.

In the present study, we report the results obtained
by examining subjects aged more than 90 years from
the population (z=1000) living in an elderly house
(ASP IMMeS Pio Albergo Trivulzio, University of
Milan) belonging to the municipality of Milan (Italy).
In addition to the subjects’ clinical history, the exam-
ination included laboratory and metabolic variables,
an electrocardiogram, an echocardiogram and clinic
and ambulatory BP measurements, allowing an

extensive description of their characteristics as well
as relationships.

Methods

All subjects living in the elderly house between
November 2009 and May 2010 were studied, pro-
vided that their age was above 90 years, they dis-
played a sufficient degree of personal and motor
autonomy, including performance of the usual daily
activities of elderly people, and there was no advanced
alteration of the cognitive function that could prevent
proper collection of the data. The study protocol was
approved by the institutional Ethics Committee of
the University of Milan. All patients gave written
consent to the study after being informed of its
nature and purposes. Along with routine laboratory
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examinations (which were all in the normal age range
values) data collection specific for the present study
consisted of (i) subjects’ clinical history; (ii) physical
examination, including body weight and body mass
index, calculated as the ratio between weight in kilo-
grams and the square of height in meters; (iii) fasting
plasma glucose, lipids and creatinine from a venous
blood sample, with calculation of the estimated
glomerular filtration rate via Cockroft & Gault for-
mula [(140 — age) X weight]/creatinine X 72 (X0.85
if female) (7); (iv) clinic and 24-h ambulatory BP;
(v) an electrocardiogram; (vi) an echocardiogram;
and (vii) cognitive function as assessed by the
Mini-Mental State Examination (8). Clinic BP was
measured three times with the subject having been
in a sitting position for 5 min, using a mercury sphyg-
momanometer and taking the first and fifth Korot-
koff sounds to identify systolic (SBP) and diastolic
(DBP) values, respectively. Heart rate was measured
by the palpatory method over 60 s after each BP
measurement. In each subject, the three clinic BP or
heart rate measurements were averaged. This was
also done for pulse pressure (difference between SBP
and DBP) as well as for mean BP (DBP + 1/3 of
pulse pressure). Ambulatory BP was measured by a
validated semiautomatic device (Spacelabs 90207)
(9) over the 24-h period, setting the equipment to
provide one value every 15 min during the day
(07:00 to 23:00 h) and one value every 20 min during
the night (23:00 pm to 07:00 h). In each subject, the
24-h, the daytime and the night-time SBP and DBP
were analysed and expressed together with the cor-
responding standard deviations. This was also done
for ambulatory pulse pressure and heart rate values.
The procedure was well tolerated and no patient
reported interference with daily activities or night-
time sleep.

M-mode, two-dimensional and Doppler echocar-
diographic examinations were performed with the
patient lying on the left size, using a commercially
available instrument Sonoline G50 (Siemens). To
obtain the best quality images, recordings were
obtained at the end of expiration, employing the
parasternal and apical windows. All measurements
were collected by the same skilled operator and read
by an independent observer (intraobserver coeffi-
cients of variation 0.6% for left ventricular end-
diastolic diameter, 3.3% for interventricular wall
thickness and 3.4% for left ventricular posterior wall
thickness). The echocardiographically derived vari-
ables that were considered in the present study were
left ventricular end-diastolic diameter, end-diastolic
interventricular septum and posterior wall thickness,
left ventricular ejection fraction (modified Simpson
formula), transmitral telediastolic (E) and protodia-
stolic (A) flow velocity peak, as well as their ratio and
deceleration time. The last two variables were
regarded as markers of diastolic function. Left ven-
tricular mass was calculated by the American Society

of Echocardiography formula (0.83 X ((D+T)>-
D3)+0.6) (10) and left ventricular mass index
(LVMI) was obtained by dividing left ventricular
mass for body surface area or height (10). Left ven-
tricularhypertrophywas defined asaLVMI = 125 g/m?
(=51 g/h?>7) in men and =110 g/m? (=47 g/h?7) in
women. Eccentric and concentric types of left ven-
tricular hypertrophy were assessed based on standard
criteria (11).To obtain data on left ventricular remod-
elling, calculation was also made of the left ventricu-
lar thickness/radius (h/r) ratio, which was considered
normal if=0.42.

Data analysis

In each subject, averages were obtained for clinic
and ambulatory BP values, which were first edited
from artifacts (9). Valid ambulatory SBP and DBP
readings were 89.1% and 88.9%, respectively, of the
planned 88 readings. The statistical analysis was
performed by the SAS system (version 6.12, SAS
Institute Inc., Cary, North Carolina, USA). Values
were expressed as means = standard deviation or as
per cent data of the group as a whole or of sub-
groups. Continuous variables were compared by
analysis of variance (ANOVA), using Student’s
t-test for dual comparisons. When appropriate,
adjustment was made for age, gender, SBP, DBP
and other potential confounders using analysis of
covariance. Pearson correlation coefficients were
used to determine the relationship between differ-
ent variables. A multivariate analysis was also
performed with office, 24-h SBP and DBP, age,
gender, blood glucose, plasma creatinine as the
independent variables and LVMI as the dependent
variable to determine the variables independently
predictive of the development of LVMI alterations.
A p-value < 0.05 was taken as the minimal level of
statistical significance.

Results
General characteristics

The general demographic and clinical characteris-
tics of the 106 subjects studied are shown in Table 1.
Average age was 95.3 = 3.7 years with a high preva-
lence of females (85.4%). Body mass index and
lipid profile were well within the normal range and
so were serum glucose and creatinine although the
estimated glomerular filtration rate resulted into a
lower value. About one quarter reported a history
of myocardial infarction or heart failure, which were
more common than a history of stroke. A history of
hypertension was common, being detectable in
57.5% of the patients; 95% of the hypertensive
patients were treated, 47% of which with more than
one drug. About two-thirds of the population
studied did not show any evidence of cognitive
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Table 1. Demographic and clinical characteristics of the whole population studied and of the two subgroups of normotensive (NT) and
hypertensive (HT) subjects.

All subjects (n=106) NT (n=45) HT (n=061)

Age (years) 95.3+3.7 95.2+34 95.4+4.0
Female prevalence (%) 85.7 84.4 86.6
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Body mass index (kg/m?) 22.2+4.1 20.5+3.1 23.3 +4.3%
Total cholesterol (mg/dl) 171.5+28 165.3 =26 176.2 =29
Triglycerides (mg/dl) 108.0 =34 95.1 +28 117.5*+41
HDL-cholesterol (mg/dl) 44.2+11 41.1*+12 459+ 11
Blood glucose (mg/dl) 88.6 £ 18 86.1 =22 90.5*16
Serum creatinine (mg/dl) 1.1£0.4 1.0£0.4 1.1*£0.4
Glomerular filtration rate (ml/min) 32.4+9 30.4*+8 33.9+12
History of MI (%) 13.3 11.4 14.2
History of CHF (%) 12.4 14.9 9.3
History of stroke (%) 10.3 9.1 11.1
History of hypertension (%) 57.5 0 100**

Data are shown as means = standard deviations. Asterisks (*p<<0.01) refer to the statistical significance between N'T and HT subjects.
HDL, high-density lipoprotein; MI, myocardial infarction; CHF, congestive heart failure.

impairment, whereas in the remaining third a cogni-
tive impairment of mild degree, however, without
significant disability and impairment of daily life
usual activities, was found.

Figure 1 shows average BP values. Clinic SBP
and DBP were both well within the normal range
with values that for SBP (but not for DBP) were
slightly less than the corresponding 24-h values. Day-
time DBP values were slightly lower than the cor-
responding night-time DBPs, but this was not the
case for SBP. Clinic heart rate was normal and similar
to daytime heart rate. Night-time heart rate showed
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a small but significant reduction when compared
with the daytime values.

Echocardiographic characteristics

As shown in Table II, in the 106 subjects of the
study left ventricular diameter and wall thickness
values were close or slightly above the normality
range (10,11), this being the case also for LVMI
when calculated either in relation to body surface
area or to height. The h/r ratio was close to the
upper normality range values (with a trend towards
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Figure 1. Systolic blood pressure (SBP), diastolic blood pressure (DBP), pulse pressure (PP) and heart rate (HR) in 106 nonagenarian
and centenarians subjects. Data are shown as means = standard deviations. Asterisks (““» < 0.01) refer to the statistical significance between

different values.
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Table II. Echocardiographic characteristics of the whole population studied and of the two subgroups of normotensive (N'T) and hypertensive

(HT) subjects.

All subjects (n=1006) NT (n=45) HT (n=61)
LV diastolic diameter (mm) 44.8+3.7 44.1+3.0 45.2+4.1
LV septal wall thickness (mm) 10.8+1.7 10.4+1.7 11.0x1.7
LV posterior wall thickness (mm) 10.1+1.8 9.8+1.3 10.4+2.0
LVMI (g/m?) 125.1 =31 120.7 =29 128.1 =33
LVMI (g/height>7) 55.9+16 52.5+18 583+ 14
h/r 0.47 =0.08 0.46 =0.06 0.48 £0.09
E/A 0.88*+0.4 0.86 0.3 0.90*+0.5
EF (%) 53.2+4 54.0%5 52.6+3
Fractional shortening (%) 44.6 11 48.8 10 41.7 £12*
Atrial diameter (mm) 39.4+6.0 37.2*+5 40.9*+7
Normal geometry (%) 16.3 19.1 12.7
Concentric remodelling (%) 23.3 27.7 19.6
Eccentric hypertrophy (%) 18.6 17.1 19.6
Concentric hypertrophy (%) 41.8 35.1 49.1

Data are shown as means * standard deviations. Asterisks (**p<<0.01) refer to the statistical significance between normotensive (NT) and
hypertensive (HT) subjects. LV, left ventricular; LVMI, left ventricular mass index; E/A, transmitral telediastolic (E) and protodiastolic
(A) flow velocity ratio; h/r, left ventricular thickness/radius ratio; EF, ejection fraction.

concentric hypertrophy), and so was left atrial
diameter, whereas left ventricular diastolic func-
tion, as assessed by the E/A ratio and the decel-
eration time, was clearly abnormal. With the
exception of left ventricular diameter, all echocar-
diographic values (wall thickness, diameter, left
atrium, E/A ratio, h/r ratio) were greater in sub-
jects with than in those without a history of
hypertension. Ejection fraction and fractional
shortening values amounted to 53.2% and 44.6%,
respectively.

Hypertensive vs normotensive subjects

As shown in Table I, female prevalence, serum
creatinine and history of a cardiovascular event
showed no significant difference between the two
groups of subjects with and without a history of
hypertension. Lipid variables and blood glucose
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also showed no significant difference between the
two groups, although they were slightly higher in
the hypertensive subjects. This was the case also
for the values of echocardiographic variables,
which in the hypertensive group were more clearly
within the left ventricular concentric hypertrophy
pattern (Table II). Clinic and ambulatory BP val-
ues were also higher in hypertensive than in nor-
motensive patients (Figure 2), again with no
nocturnal BP fall (data not shown). Clinic and
ambulatory heart rate values were similar in the
two groups (clinic heart rate: 74.4*11.2 vs
76.3 +12.1 Dbeats/min, ambulatory heart rate
69.2+11.6 vs 69.2 = 12.3 beats/min). Compared
with treated hypertensive patients, untreated
hypertensives showed, as expected, greater clinic
and 24-h SBP and DBP values but not statistically
different biochemical and echocardiographic vari-
ables (data not shown).
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Figure 2. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) in normotensive (NT) and in hypertensive (HT) nonagenarian
and centenarian subjects. Data are shown as means * standard deviations. Asterisks (*#p<0.01) refer to the statistical significance between

values recorded in the two groups.
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Table III. Demographic, clinical and echocardiographic characteristics of nonagenarians and centenarians recruited in the study.

Nonagenarians (n = 89)

Centenarians (n=17)

Age (years) 94.0+2.3 102.1 +£2.0™
Female prevalence (%) 84.1% 94.1%
Body mass index (kg/m?) 22.2+4.3 21.9+2.9
Total cholesterol (mg/dl) 171.2+39.1 174.3 +30.6
Triglycerides (mg/dl) 106.0 =43.4 136.3 =47.7
HDL-cholesterol (mg/dl) 445*+154 40.0+9.4
Blood glucose (mg/dl) 88.6 £23.4 88.5+16.4
Serum creatinine (mg/dl) 1.1+04 1.0+0.4
Glomerular filtration rate (ml/min) 33.2+14.9 28.0+5.0

Clinic SBP/DBP (mmHg)
24-h SBP/DBP(mmHg)

121.8 £15.6/70.1 = 8.9
128.9+16.6/64.8 = 8.2

115.3£17.0/67.7+8.3
124.3+14.7/65.2+17.3

Clinic HR (beats/min) 75.4+9.7 75.2*+11.2
24-h HR (beats/min) 71.3x11.1 68.6 +22.8
LVMI (g/m?) 123.8 +43.1 131.9+28.1
LVMI (g/height>7) 55.4+20.4 58.8+13.2
E/A 0.87+0.59 0.94+0.44
EF (%) 53.4+5.0 51.7+7.7
Atrial diameter (mm) 38.7*t7.4 435+ 10.3*

Data are shown as means * standard deviations. Asterisks (*»<0.01, p<0.05) refer to the statistical significance between nonagenarians
and centenarians. HDL, high-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; LVMI, left
ventricular mass index; E/A, transmitral telediastolic (E) and protodiastolic (A) flow velocity ratio; EF, ejection fraction.

Nonagenarians vs centenarians

As shown in Table III, in centenarians, triglyceride,
LVMI and left atrial diameter values were greater than
in nonagenarians, whereas glomerular filtration rate
and clinic and 24-h BP values were lower. With the
exception of left atrial diameter value, none of the above
difference achieved, however, statistical significance.

Correlations

There was a significant, although weak, correlation
between clinic and 24-h SBP and DBP (»r=0.30
and r= 0.34, p<0.01). For either clinic and ambu-
latory BP, the SBP values showed a significant cor-
relation with DBP (r=0.31 and r=0.28, p<0.001
for both). Both when quantified by body surface
area and by height, LVMI showed a significant rela-
tionship with SBP and pulse pressure but not with
DBP, the correlation coefficients being somewhat
closer for 24-h than for clinic values [24-h vs LVMI
(g/m?) r=0.24 and r=0.23, p < 0.04; 24-h vs LVMI
(g/h?*7) r=0.22 and r=0.21, p<0.05; clinic vs
LVMI (g/m?) r=0.20 and r=0.22, p < 0.05; 24-h vs
LVMI (g/h?7) r=0.20 and r=0.21, p<0.05]. No
correlation was observed between E/A ratio or
deceleration time and BP. In a multivariate analysis,
ambulatory but not clinic BP was an independent
determinant of LVMI values after age and before
body mass index and blood glucose values.

Discussion

The present study represents one of the largest
reports examining in nonagenarian and centenarian

subjects the BP and cardiac structural and functional
alterations characterizing very advanced age strata.
Confirming previous findings by our group and
others (1,3-5), our study shows that in subjects with
an age greater than 90 years, clinic DBP values are
higher than ambulatory DBP and that during the
night-time period the physiological BP reduction
seen at younger age is markedly attenuated. It adds
to these data three pieces of new information, i.e. the
evidence that in nonagenarians and centenarians: (i)
24-h ambulatory SBP values are greater for magni-
tude than the corresponding clinic values; (ii) left
ventricular hypertrophy (particularly of concentric
type) is frequently detected, this being the case also
for left ventricular diastolic dysfunction; and (iii) at
the multivariate analysis, age and, to a lesser extent,
ambulatory BP load appear to be involved in deter-
mining the structural changes detectable by the
echocardiographic technique at the level of the left
ventricle. This allows three conclusions to be drawn:
(1) the pressor response (particularly SBP) to
sphygmomanometric BP measurement appears to be
attenuated when the patient’s age is close to
100 years; (ii) cardiac structural alterations of the left
ventricle are a common finding in nonagenarians and
centenarians, affecting on the whole about 70% of
the population sample of the present study; and
(iii) in both normotensive and essential hypertensive
individuals, age represents a factor likely to be
involved in determining the structural alterations
affecting the left ventricle.

It has been previously reported that office BP val-
ues are significantly higher than daytime BP in cen-
tenarians than in octogenarians, thereby suggesting
that the prevalence of the white coat effect is greater
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in the former than in the latter group (12). At first
glance, our results are not in line with these findings,
since they show that in our subjects clinic SBP values
are lower than the corresponding ambulatory ones.
It should be noted, however, that when the com-
parison was made between clinic and daytime DBP
values, a tendency of the former to be higher than
the latter was detectable also in our population sam-
ple. Thus our findings suggest that in nonagenarians
and centenarians, a white coat effect is not necessar-
ily detectable, or if present, it quite selectively affects,
in a markedly attenuated fashion, DBP only. This
attenuation may be explained considering that sub-
jects in the very advanced age decades display a
reduced pressor response to a variety of laboratory
manoeuvres, which, such as the alerting reaction to
BP measurement (13), represent stressful stimuli
(14). It may be also explained, however, by taking
into account the different characteristics of the pop-
ulations examined in the study by Jumabay and co-
workers (12), which, at variance from ours, enrolled
centenarians free from major disease and without
any pharmacological treatment. The presence of both
these factors in our population may have indeed
interfered with the cardiovascular, and particularly
BP, responses to the white coat effect.

Several other results of our study deserve to be
briefly discussed. First, our population study has a
cross-sectional nature that makes clarification of the
mechanisms responsible for the presence of echocar-
diographic alterations in the very elderly population
difficult. However, the evidence that at a multivari-
ate analysis age represents the factor more closely
related to LVMI may allow us to advance the
hypothesis that the aging factor is of some relevance
for determining alterations in cardiac structure even
when BP values of the subjects are in the high BP
range. This is in part confirmed by the evidence that
in our population the concentric type of hypertro-
phy prevailed over the eccentric one, known to be
common in essential hypertension (15,16). Second,
confirming previous findings, in our nonagenarian
and centenarian individuals there was an attenua-
tion of the physiological fall in BP (particularly
SBP) occurring during the night-time period (3-5).
This alteration may depend on the loss of the sleep-
dependent ability to reduce sympathetic cardiovas-
cular drive (17,18). Whether this reduction is
accompanied by a similar decrease in vagal control
of heart rate, however, is more difficult to be deter-
mined, given the evidence that, at variance from
previous findings from our group (3), in the present
study we found in our nonagenarians and centenar-
ians a preservation of the sleep-dependent heart
rate reduction.

The present study has a number of limitations.
First, we studied patients with previous history of car-
diovascular disease or treated with antihypertensive

drugs, which may have affected the observed data.
Second, the measurements we performed did not
include night-time electroencephalography, oculo-
graphic and electromyographic recordings, thus pre-
venting us in providing an undisputed demonstration
of the absence of any interference of the BP monitor-
ing with the sleep process. The lack of these data also
prevented a proper evaluation of the behaviour of BP
during different sleep stages. Finally, measurements
of night-time BP values during sleep every 20 min
may have interfered with the occurrence of the dip-
ping BP profile.

Declaration of interest: The authors declare that
there is no conflict of interest.

References

1. Fotherby MD, Potter JE. Twenty-four hour ambulatory blood
pressure in old and very old subjects. ] Hypertens. 1995;
13:1742-1746.

2. Sega R, Cesana G, Milesi C, Grassi G, Zanchetti A, Mancia
G. Ambulatory and home blood pressure normality in the
elderly. Data from the PAMELA population. Hypertension.
1997;30:1-6.

3. Bertinieri G, Grassi G, Rossi P, Meloni A, Ciampa M, Annoni
G, et al. 24-hour blood pressure profile in centenarians.
J Hypertens. 2002;20:1765-1769.

4. Zyczkowska J, Klich-Raczka A, Mossakowska M, Gasowski J,
Wieczorowska-Tobis K, et al. Blood pressure in centenarians
in Poland. ] Hum Hypertens. 2004;18:713-716.

5. Formiga F, Ferrer A, Sobrino J, Coca A, Riera A, Pujol R.
Ambulatory blood pressure monitoring (ABPM) in nonage-
narians. Arch Gerontol Geriatr. 2009;48:367-371.

6. Yan Z, Bi-Rong D, Hui W, Chang-Quan H. Serum lipid/
lipoprotein and arterial blood pressure among Chinese
nonagenarians/centenarians. Blood Press. 2011,20: in press.

7. Levey AS, Coresh ], Balk E. kausz AT, Levin A, Steffes MW,
et al. National kidney foundation practice guidelines for
chronic kidney disease: Evaluation, classification and stratifi-
cation guidelines Ann Intern Med. 2003;139:137-147.

8. Tombaugh TN, MclIntyre NJ. The Mini-Mental State Exam-
ination: A comprehensive review. ] Am Geriatr Soc. 1992;
40:922-935.

9. Groppelli A, Omboni S, Parati G, Mancia G. Evaluation of
non-invasive blood pressure monitoring devices Spacelabs
90202 and 90207 versus resting and ambulatory 24 h intraar-
terial blood pressure. Hypertension. 1992;20:227-232.

10. Picard MH, Adams D, Bierig SM, Dent JM, Douglas PS,
Gillam LD et al. American Society of Echocardiography
recommendations for quality echocardiography laboratory
operations. ] Am Soc Echocardiogr. 2011;24:1-10.

11. Ganau A, Devereux RB, Roman M], De Simone G, Pickering
T, Saba P, et al. Patterns of left ventricular hypertrophy and
geometric remodeling in essential hypertension. ] Am Coll
Cardiol. 1992;19:1550-1558.

12. Jumabay M, Ozawa Y, Kawamura H, Saito S, Izumi Y,
Mitsubayashi H, et al. White coat hypertension in centenari-
ans. Am ] Hypertens. 2005;18:1040-1045.

13. Mancia G, Bertinieri G, Grassi G, Parati G, Pomidossi G,
Ferrari A, Gregorini L, et al. Effects of blood pressure meas-
urement by the doctor on patient’s blood pressure and heart
rate. Lancet. 1983;2:690-695.

RIGHTS LI N Kdx



Blood Press Downloaded from informahealthcare.com by The University of Manchester on 12/21/14

For personal use only.

14.

15.

16.

BP and cardiac alterations in nonagenarians and centenarians 103

Mancia G, Casadei R, Groppelli A, Parati G, Zanchetti A.
Effect of stress on diagnosis of hypertension. Hypertension.
1991;17 Suppl:I1156-62.

Savage DD, Garrison R], Kannel WB, Levy D, Anderson SJ,
Stokes J, et al. The spectrum of left ventricular hypertrophy
in a general population sample: The Framingham study.
Circulation. 1987;75 Suppl 1:1-26-1-33.

Mancia G, Carugo S, Grassi G, Lanzarotti A, Schiavina R,
Cesana G, et al. Prevalence of left ventricular hypertrophy in

17.

18.

hypertensive patients without and with blood pressure ontrol.
Data from the PAMELA population. Hypertension. 2002;
39:744-749.

Mancia, G, Zanchetti A. Cardiovascular regulation during
sleep. In: Orem ], Barnes CD, editors. Physiology in sleep.
New York: Academic Press; 1980, pp. 1-55.

Somers VK, Phil D, Dyken ME, Mark AL, Abboud FM.
Sympathetic nerve activity during sleep in normal subjects.
N Engl ] Med. 1993;328:303-307.

RIGHTS LI N Kdx



