
IINNTTRROODDUUCCTTIIOONN

In normal subjects and most essential
hypertensives, circadian fluctuation of blood
pressure (BP) has been well established [1,2].
The regulation of autonomic function over a
24-hour period is a result of feedback of
circadian spontaneous rhythm. The
neurohormonal system controls internal and
external disturbances of the feedback
mechanisms of regulative functions [3,4].
Evaluation of the circadian rhythm of blood
pressure is particularly important in assessing
the effects of treatment of hypertension and
in studying the mechanisms of hypertension. 

Ambulatory blood pressure monitoring has
been proved useful in terms of characterization
of blood pressure profiles in normotensive
and hypertensive subjects, evaluation of
patients with mild or labile hypertension,
degree of blood pressure elevation, prognosis
of hypertension, and assessment of hypertension
management. The prognostic implications of
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The study was aimed to investigate the relationship between the 24-hour blood pressure and

neurohormonal change in patients with secondary hypertension. Circadian blood pressure

variation was studied in patients with chronic renal failure and primary aldosteronism.

Ambulatory blood pressure was monitored every 10 minutes during daytime and every 30

minutes during nighttime. The daytime and nighttime systolic/diastolic blood pressures

(SBP/DBP) in patients with primary hyperaldosteronism were significantly higher than those

with primary hypertension (SBP:147 16 vs 125 11 mmHg, daytime; 142 23 vs 118 13 mmHg,

nighttime; DBP: 96 18 vs 85 8 mmHg, daytime; 91 24 vs 81 9 mmHg, nighttime). In the renal

form of secondary hypertension, the blood pressure did not reveal a significant difference with

diurnal change in comparison with primary hypertension. The reduction in nocturnal blood

pressure was less in primary hyperaldosteronism than in primary hypertension. Insufficient

decrease of blood pressure during nighttime may warrant further investigation to diagnose

secondary hypertension.
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abnormal diurnal variations in blood pressure
are not fully established. An absence of
nocturnal reductions in blood pressure has
been noted in patients under several disease
states, such as those with malignant hypertension
[5], diabetes mellitus [6], pheochromocytoma
[7], preeclampsia [8], heart transplants [9] and
cerebral stroke [10]. In the present study, we
applied ambulatory BP monitor to subjects
with normal blood pressure, essential
hypertension, primary aldosteronism (PA), and
chronic renal failure (CRF) to examine the
relationship between the 24-hour blood
pressure rhythm and neurohormonal change 
in patients with secondary hypertension. 

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS

Subjects

From April 1992 to March 1997, we monitored
for 24-hour the blood pressure on subjects
(n=72) grouped accordingly: normotensives
(n=22), patients with untreated mild-to-
moderate essential hypertension (casual BP
values between 140/90 and 180/110 mmHg,
n=36), patients with chronic renal failure
without dialysis treatment (n=8), and patients
with primary aldosteronism (n=6). The known
duration of increased blood pressure in
untreated essential hypertension ranged from
six months to three years. In the last two
groups, diagnosis was made by clinical features
and results of hormonal, radiological, and
general biochemical tests. For screening of
primary aldosteronism and renal vascular
hypertension, plasma renin activity and
plasma aldosterone concentration were
measured and a stimulation test with captopril
(50mg) was performed. On patients with
primary aldosteronism, computed tomography
scan and adrenal vein sampling were performed.

2244--HHoouurr  bblloooodd  pprreessssuurree  mmoonniittoorriinngg

We monitored 24-hour BP using a portable
noninvasive recorder (Oxford Medilog
ambulatory blood pressure monitoring
system) in each study group. BP and heart

rates recording were obtained as described by
Pai et al. [11]. Briefly, BP was measured every 10
minutes during the daytime (from 06:01 to
21:59) and every 30 minutes during the night
time (from 22:00 to 6:00). All subjects were
allowed their usual activities in the ward. All
antihypertensive medications were withdrawn
at least 72 hours before ambulatory BP study
from patients with primary aldosteronism and 
chronic renal failure. 

DDiiuurrnnaall  cchhaannggee  iinn  nneeuurroohhoorrmmoonnaall  cchhaannggee

We measured morning and evening cortisol
level, plasma aldosterone, and plasma renin
activity at 8:00 and 17:00-18:00, respectively. The
diurnal variation of these neurohormonal
secretions was correlated with ambulatory
blood pressure level.

EEcchhooccaarrddiiooggrraapphhyy  ssttuuddyy

Echocardiography and Doppler recordings
were made with a Toshiba SSA-270A 2.5MHz
sector scanner. M-mode echocardiograms were
recorded on a strip chart recorder at 50
mm/sec. All measurements including systolic
and diastolic function were obtained as
described by Pai et al. [11]. Systolic function
was determined by measuring percent
fractional shorting of the left ventricular
internal dimension (FS) and observing regional
wall motion from 2-D echocardiograms. No
subjects in this series had segmental wall motion
abnormality. 

SSttaattiissttiiccss

All values were expressed as the mean 
standard deviation (SD). Averages of
ambulatory SBP, DBP and heart rate variables
during daytime (06:01-21:59) and nighttime
(22:00-06:00) were compared between groups
by unpaired Student t test. Amplitudes of
nocturnal fall of SBP or DBP (average BP
during daytime - average BP during nighttime)
were also compared between groups. Linear
regression analysis was used to determine the
significance of correlation between
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independent variables. Results with p value
less than 0.05 were considered statistically 
significant.

RREESSUULLTTSS

CClliinniiccaall  CChhaarraacctteerriissttiiccss  aanndd  CCiirrccaaddiiaann  VVaarriiaattiioonn

ooff  BBPP  aanndd  HHRR  iinn  NNoorrmmaall  SSuubbjjeeccttss aanndd  PPaattiieennttss

wwiitthh  EEsssseennttiiaall  HHyyppeerrtteennssiioonn

The clinical characteristics of the subjects in
each study group are shown in Table 1. A
clear nocturnal fall in SBP, DBP and HR was

observed in normal subjects and untreated
essential hypertensive patients. 

CCiirrccaaddiiaann  VVaarriiaattiioonn  ooff  BBPP  aanndd  HHRR  iinn  PPaattiieennttss  

wwiitthh  PPrriimmaarryy  AAllddoosstteerroonniissmm

The characteristics of patients with primary 
aldosteronism are shown in Table 1 and Table

2. As shown in Fig. 1, nocturnal fall of blood
pressure and heart rate was observed in patients
with PA, but the amplitude of the nocturnal
fall of blood pressure of patients with PA was
significantly less than of patients with essential 
hypertension (Table 3).

Table 1 The clinical characteristics of subjects in each study group

Age              Sex                Cr                 LVEDd               MMT

(years)            M/F            (mg/dl)             (mm)               (mm)

NT               44 11            12/10            0.7 0.2             45 4                  9 1

EH                51 13            21/15            0.9 0.3             48 5                 10 2

PA                40 8              3/3              0.8 0.2             48 6                 12 2

CRF            46 16             1/7              8.1 4.2             54 5*                11 2

Abbreviations,  NT: normotension, EH: essential hypertension, PA: primary aldosteronism,  CRF: chronic renal failure, Cr: serum
creatinine, LVEDd: left ventricular end-diastolic dimension, MMT: mean myocardial thickness, 
* p < 0.05. compared with normotensive.

Table 2 Clinical characteristics of patients with primary aldosteronism 

1        M       35         R            404            189        4.15            1.04         14.9          9.2          3.3

2        F        46         L            300            126        1.22           2.59          12.6           5.7          3.0

3        M       36         L            284            192        2.32          0.29          14             5            2.8

4        F        40        L            426            126        3.60           1.87        16.4          6           3.0

5        M       30         R            548             97        3.56           3.0            9.8           5.7         3.3

6        F        33         L             211             95        4.45           3.7           13.5          12.4          3.4

Abbreviations, R: right, L: left, PAC1: plasma aldosterone concentration at 8:00, PAC2: plasma aldosterone concentration at 18:00,
PRA1: plasma renin activity at 8:00, PRA2: plasma renin activity at 18:00, Cortisol1: serum cortisol level at 8:00, Cortisol2: serum
cortisol level at 18:00, K: plasma potassium concentration.

Sex     Age       Site of        PAC1          PAC2         PRA1           PRA2        Cortisol1     Cortisol2       K
adenoma     (pg/ml)     (pg/ml)   (ng/ml/hr)   (ng/ml/hr)    (mg/dl)     (mg/dl)   (meq/L)
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CCiirrccaaddiiaann  VVaarriiaattiioonn  ooff  BBPP  aanndd  HHRR  iinn  PPaattiieennttss

wwiitthh  CChhrroonniicc  RReennaall  FFaaiilluurree  

The characteristics of patients with chronic
renal failure are shown in Table 1. As shown in
Fig. 1, nocturnal fall of blood pressure and
heart rate was observed in patients with CRF.
The daytime SBP and DBP were significantly
higher, but the amplitude of the nocturnal fall
of blood pressure of patients with CRF were
not significantly different compared with
patients with essential hypertension (Table 3).

CCoorrrreellaattiioonn  AAmmoonngg  AAmmbbuullaattoorryy  BBlloooodd  PPrreessssuurree

aanndd  tthhee  DDiiuurrnnaall  CChhaannggee  ooff  NNeeuurroohhoorrmmoonnaall  

SSeeccrreettiioonn  iinn  PPaattiieennttss  wwiitthh  PPrriimmaarryy  AAllddoosstteerroonniissmm

The ambulatory blood pressure and heart
rate did not show any correlation with the
diurnal variation of plasma aldosterone level
(r=0.10 for daytime SBP, r=0.27 for nighttime
SBP; r=0.19 for daytime DBP, r=-0.20 for
nighttime DBP). The ambulatory blood
pressure even showed a non-significant
inverse correlation with plasma renin activity
and cortisol level both in daytime and
nighttime (r=-0.32 for daytime SBP, r=-0.32 for
nighttime SBP with plasma renin activity; r=-
0.27 for daytime SBP, r=-0.24 for nighttime SBP,
r=-0.33 for nighttime DBP with cortisol).

DDIISSCCUUSSSSIIOONN

When nocturnal pressure does not fall, both

the myocardium [12] and the cerebral circulation

[13] may be harmed. Whatever the mechanism,

patients with secondary hypertension may

not experience a nocturnal fall in blood

pressure [1,14] . Although the controlling

mechanism of circadian BP rhythm remains

uncertain, it would seem likely that several

factors are involved. These may include

neurohormonal changes acting through the

sympathetic nerve system, the adrenocorticotropic

hormone (ACTH)-cortisol system [15], the

vasopressin system, and the cardiovascular 

depressor mechanism.

The circadian BP variation in renovascular

hypertension and primary aldosteronism

patients was similar to that in normal subjects

and essential hypertensive patients [16]. Many

studies have also confirmed that plasma renin

activity and plasma aldosterone concentration

were the highest in the morning hours and

low in the evening in normal subjects and

patients with primary aldosteronism [17-20].

Our results showed similar circadian variation

of plasma aldosterone concentration and renin 

activity in patients with primary aldosteronism.

We therefore assumed that the circadian

rhythm of BP in primary aldosteronism is

similar to that in normal subjects and essential

hypertensive patients. Results from other

studies were, however, quite different from

Table 3 Ambulatory blood pressure values and the amplitude of nocturnal fall in blood pressure or heart
rate in each study group 

Daytime   Nighttime    SBP     Daytime    Nighttime   DBP     Daytime     Nighttime    HR

Abbreviations,  NT: normotension, EH: essential hypertension, PA: primary aldosteronism, CRF: chronic renal failure, SBP: systolic

blood pressure, DBP: diastolic blood pressure, HR: heart rate, SBP: nocturnal fall in SBP, DBP: nocturnal fall in DBP, HR: nocturnal 
fall in HR
*  p < 0.01,   p < 0.05, compared with essential hypertension.

SBP(mmHg)                                             DBP(mmHg)                                           HR(bpm)

NT  
NT  
PA
CRF

105 8
125 11
147 16*
135 12*

96 11
118 13
142 23*
127 19*

10 9
8 12
5 14
9 10

69 6
85 8
96 18*
89 10

63 7
81 9
91 24*
84 11

6 5
5 8
5 8
6 10

77 8
76 10
84 12
85 6

63 7
68 9
73 14
79 7

15 7
9 8
11 2
6 8
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ours. According to Tanaka report [21], both SBP

and DBP of 11 patients with primary

aldosteronism rose in the evening. In our

study, the SBP and DBP were lower than those

found in Tanaka study (SBP: 172-175 mmHg,

DBP: 101-103 mmHg), but higher than those in

Imai et al [16] (SBP: 135 19 mmHg, DBP: 85 14

mmHg) and Nicholls [22] (DBP: 87 16

mmHg) studies. We demonstrated a blunted

circadian rhythm of systolic blood pressure in

primary aldosteronism and also found weak

inverse correlation between ambulatory blood

pressure variation and circadian change of

neurohormonal secretion, which may suggest

that the renin-angiotensin system does not

mediate the circadian blood pressure variation

in primary aldosteronism. Imai (16) has

proposed that the difference between studies

may be due to the difference in blood

pressure level and consequently due to the

difference in severity of hypertension, which

might explain the differences between

essential hypertension and primary

aldosteronism in the present study. Inadequate

withdrawal of sympathetic tone during sleep

may play a major role in the mechanism

responsible for the decreased nocturnal fall in 

blood pressure. 
Renal and renovascular diseases appear to

raise blood pressure by a complex interaction
between sodium and volume status and the
production of renin and angiotensin II [23]. In
patients with end-stage renal disease or with
chronic renal failure treated by hemodialysis,
the circadian blood pressure rhythm is altered
[24]. In our group, the circadian rhythm of
chronic renal failure without hemodialysis
treatment had higher blood pressure but well-
preserved circadian rhythm in comparison
with essential hypertensive group. We also
found a larger left ventricular end-diastolic
dimension (LVEDd) with echocardiography,
which indicates volume overload status. We,
therefore, suggest that volume status rather
than disturbance in renal excretory function
has much impact on the circadian blood
pressure rhythm on patients with chronic
renal failure.

There are potential limitations in the present
study. First, there may be a selection bias
resulting from preexisting blood pressure level
in different groups. Because other forms of
secondary hypertension (e.g. renovascular
hypertension, and hyperthyroidism) were not
under study, we cannot exclude the impact of
neurohormonal change to diurnal rhythm of
blood pressure at all. Second, because the
relevant hormonal values in patients with
chronic renal failure were not measured, it
was not clear whether a disturbance in
hormonal changes can be related to the
circadian blood pressure in this group. Third,
the antihypertensive treatment was held only
72 hours before applying ambulatory blood
pressure monitoring, and the long acting
drugs, especially excreted via kidney, may not
be eliminated completely during study and
may have interfered the circadian rhythm on
patients with chronic renal failure. Further
investigation of patients before and after
hemodialysis and evaluation of BP reduction
with antihypertensive drugs might help to
understand the mechanism of hypertension in 
uremic patients.

FFiigg..  11 Ambulatory blood pressure in patients with 
primary aldosteronism(PA) and chronic renal 
failure(CRF).        SBP of PA,           DBP of PA,

SBP of CRF,           DBP of CRF,
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Considering the findings of the present
study, hypertensive patients without adequate
nocturnal fall of blood pressure will have
higher blood pressure at night than those who
retain normal circadian rhythm. Distinguish
one from another by the pattern of the blood
pressure rhythm will, however, be difficult.
Further analysis of phase shift or change in
the amplitude of the circadian blood pressure
using ambulatory blood pressure monitoring
might be of value in identifying patients with
altered circadian rhythm and statistical 
significance determined.

It might be concluded that the renin-
angiotensin-aldosterone system neither primarily
nor secondarily mediated the circadian BP
variation in patients with primary aldosteronism.
In secondary hypertension, blood pressure
monitoring during daytime and nighttime is
particularly useful for evaluating frequently
severe nocturnal hypertension, that may
warrant further investigation and treatment. 
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2

11/14/1997 12/30/1997

1/15/1998

24 24

24

( SBP 147 16 vs 125 11mmHg, DBP:

96 18 vs 85 8mmHg; SBP:142 23 vs 118 13mmHg, DBP 91 24 vs 81 9mmHg,

p<0.05)

24


