NOTICE

Reviews

Circadian Variation in Blood Pressure:

Dipper or Nondipper

Pierre Larochelle, MD, PhD

Awareness of an increased incidence of cardiovascu-
lar events shortly after awakening has heightened in-
terest in the chronopathology of cardiovascular
diseases. Blood pressure varies according to cycles
characterized by a reduction during sleep and an in-
crease on awakening. The surge in blood pressure co-
incides with the circadian nature of various endocrine
and hematologic parameters that also have a putative
role in triggering the onset of cardiovascular events.
The nighttime decrease is absent or blunted in some
hypertensive patients (termed “nondippers”), an ef-
fect associated with increased morbidity. Drugs can
influence the effect of these circadian patterns. Re-
search efforts are focused on clarifying an underlying
pathophysiologic process that could be modified by
pharmacologic or other means. Long-acting an-
giotensin II receptor blockers have an effect on blood
pressure over 24 hours due to their long half-life, but
could also limit the morning surge in blood pressure
through an effect on the renin-angiotensin-aldos-
terone and noradrenergic systems. (] Clin Hypertens.
2002;4:3-8) ©2002 Le Jacq Communications, Inc.

he term “biologic rhythm” may be defined as
the intrinsic, regular fluctuation of a physiologic
process. A rhythm may not necessarily follow a
rigid, oscillating curve, and not every type of repeat-
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ed biologic behavior constitutes a rhythm. Biologic
rhythms, however, are actively maintained and often
follow a daily or circadian pattern, as exemplified
by the endocrine system. Biologic rhythms are also
intrinsic in many pathologic conditions.

Recognition of an increased incidence of myocar-
dial infarction, angina, stroke, and sudden cardiac
death in the early morning period over the first 4-6
hours after awakening has heightened interest in the
chronopathology of cardiovascular diseases.!-2 Fur-
ther, epidemiologic data show that both systolic
(SBP) and diastolic blood pressure (DBP) measured
in the office environment correlate positively with
the incidence of cardiovascular mortality.3 Indeed,
the higher the blood pressure (BP) measured, the
greater the relative risk of cardiovascular mortality,
such as stroke or coronary heart disease.*

During recent years, the increased use of ambula-
tory blood pressure measurement over a 24-hour pe-
riod has enabled more thorough examination of the
chronologic variation in BP and has provided further
evidence of a link between BP and the incidence of
cardiovascular events. This review details the associa-
tion between BP and the chronopathology of cardio-
vascular diseases, particularly in terms of the
nocturnal fall in BP.

CIRCADIAN RHYTHM: DIPPERS AND
NONDIPPERS

BP generally varies according to a circadian rhythm
characterized by a reduction during sleep and an in-
crease during wakefulness. The same circadian fluctu-
ation is observed in normotensive subjects and in
both treated and untreated hypertensive patients.5 All
too often, however, the BP reduction in treated hyper-
tensives observed during the day is not maintained
throughout the night. This raises two important
points regarding BP during sleep. First, BP in treated
and untreated hypertensives continues to be higher
than in normotensives during the night. Second, the
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duration of action of many antihypertensive agents is
such that they do not provide efficacy through the
night and the following morning, when the incidence
of many cardiovascular events is at its highest.1,2

The circadian fall in BP during sleep does not al-
ways occur (Figure 1),6-11 leading to the tentative divi-
sion of individuals into those who display a fall in BP
during sleep (“dippers”) and those who do not
(“nondippers”). Definitions of dippers and nondippers
vary among authors, but a useful description of a dip-
per is someone who shows a reduction in BP of 10%
or 10/5 mm Hg.!2 Those who have less than a 10%
reduction in BP during sleep are defined as nondippers.

The period for measurement of the decrease
shows some variation, depending on the definition
of night and day. A definition of daytime is the peri-
od from 6 a.m. to 10 p.m., with nighttime defined as
10 p.m. to 6 a.m. However, a narrow definition
might define day as between 10 a.m. and 8 p.m. and
nighttime as midnight through 6 a.m., allowing a 4-
hour transition period between night and day during
which BP is not included in the calculation. Use of
the narrow definition excludes the period when a
variable proportion of subjects are awake or asleep
and therefore provides a more accurate estimate of
the actual BP values during sleep and wakefulness.12

Irrespective of the definition used, a number of
disorders and syndromes appear to be associated
with a nondipper status, including malignant hyper-
tension, pheochromocytoma, pre-eclamptic tox-
emia, cardiac transplantation, idiopathic orthostatic
hypotension, diabetes mellitus (without neuropa-
thy), and sleep apnea syndrome.

ASSOCIATION OF A BP DECREASE

WITH OTHER CIRCADIAN RHYTHMS

The circadian fall in BP during sleep and its rise
upon awakening is temporally associated with sever-
al other circadian rhythms that have been described
over a number of years, including fluctuations in he-
modynamic, electrolyte, hormonal, and neuronal
parameters.!3 Although the association is circum-
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Figure 1. Twenty-four-hour blood pressure profile of
dipper and nondipper hypertensive patients.6-11
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stantial, many of these rhythms have the potential to
modulate the autonomous mechanisms controlling
BP and have a putative role in triggering the onset of
cardiovascular events.

Renin-Angiotensin-Aldosterone System (RAAS)
The activity of renin has long been known to exhibit
diurnal variation. More than 30 years ago, Gordon et
al.14 demonstrated that plasma renin activity gradual-
ly decreases during the day, reaching its nadir at 4
p.m., followed by a gradual increase overnight and
peaking at 8 a.m. Closer examination of the circadian
pattern of plasma renin activity has demonstrated
more complex variations over 24 hours, rather than a
constant, protracted transition between its rise and
fall. However, the trend is for diurnal variation to
rise during the morning.15 Levels of angiotensin II
probably follow the same morning increase as plasma
renin activity, though this is difficult to confirm be-
cause of the short duration of angiotensin II in blood.
Plasma levels of aldosterone follow a diurnal pattern
similar that of renin, with an increase during the early
hours of the morning that peaks just before or during
the waking hours.1S

Catecholamines and Vascular Resistance
Epinephrine and norepinephrine (NE) show a cyclical
pattern similar to that of the RAAS.16 However,
much of the variation may be due to posture changes
rather than circadian rhythm. The plasma epineph-
rine level gradually decreases during the night, which
is to be expected during the relaxation of sleep. How-
ever, it rises again during the early hours of the morn-
ing and continues to rise during the waking period,
following the same pattern as BP. Plasma NE levels
vary similarly, except that the peak upon waking ap-
pears to be more pronounced, suggesting that this is a
reflex effect rather than a circadian cycle effect.16

A surge in BP and increased heart rate in the morn-
ing may be accompanied by vasoconstriction and re-
duction of flow in the coronary arteries, an increase in
myocardial oxygen demand, and potentially an in-
crease in arrhythmias, as this coincides with peak plas-
ma catecholamine levels. In a study by Panza et al.,1”
either the vasodilator nitroprusside or the o-adreno-
ceptor antagonist phentolamine was infused into the
forearm of volunteers. Reduction in vascular resis-
tance was recorded in the morning, afternoon, and
evening. The reduction in vascular resistance induced
by nitroprusside was consistent at all times of the day,
regardless of dose, indicating a pure vasodilator effect
(Figure 2A). In contrast, the reduction in vascular re-
sistance induced by antagonism of a-adrenoceptors
varied according to the time of day. Phentolamine, for
example, was twice as effective in the morning than
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in the evening (Figure 2B), suggesting increased
vasoconstriction in the morning due to a-adreno-
ceptor agonism, probably by NE or epinephrine.

Renin Activity and NE Release Are Linked

Interaction between the RAAS and NE has been
demonstrated.!8 For many years it has been known
that angiotensin II type 1 (AT;) receptors are pre-
sent on the presynaptic adrenergic nerve endings,
and their stimulation increases NE release. Hence,
increased renin activity induces production of an-
giotensin II, which stimulates the presynaptic AT,
receptors on the adrenergic nerve endings, resulting
in increased NE release. Furthermore, NE stimulates
further renin release, thereby forming a cycle of NE
release and production of angiotensin II. Both sym-
pathetic hyperactivity and elevated plasma renin
activity are associated with increased risk of car-
diovascular events.1® Thus, drugs capable of reduc-
ing the effect of the morning increase in NE and
angiotensin II could have considerable cardioprotec-
tive potential in addition to their BP-lowering effect.

Hematologic Factors
Some hematologic factors vary according to a circa-
dian pattern. Increases in blood viscosity and
platelet aggregation, and a lesser increase in circu-
lating-type plasminogen activator activity, have
been observed during the early morning period.20

Interestingly, adenosine diphosphate-stimulated
platelet aggregation follows a pattern similar to the
epinephrine cycle and increases when adrenergic ac-
tivity is at its highest.2! Epinephrine is known to in-
crease the ability of platelets to aggregate.2! Hence,
coupled with the increased vasoconstriction ob-
served during the early morning period, stimulation
in adrenergic activity may be an important factor in
the raised incidence of cardiovascular accidents, no-
tably thrombosis, at this time of the day.

Activation of plasminogen is reduced during the
early hours of the morning, which potentially re-

duces thrombolysis and increases the risk of throm-
bosis and embolism. Tissue plasminogen activator
antigen and plasminogen activator inhibitor antigen
follow reciprocal diurnal cycles.20 Tissue plasmino-
gen activator decreases during the night and begins
to increase during the early hours of the morning.
Conversely, plasminogen activator inhibitor in-
creases during the night and decreases in the early
hours of the morning.

Other Hormones and Peptides
The circadian rhythm of cortisol is one of the best
described cycles and likely plays a role in the sensitiv-
ity of vessels to the noradrenergic system. The plas-
ma cortisol level rises during the early morning until
the waking hours, after which it gradually falls dur-
ing the day.22 Increased sensitivity of blood vessels to
NE accompanies an increased plasma cortisol level,
suggesting that cortisol is another contributory fac-
tor to the BP surge observed during the early hours
of the morning.17

A cycle for insulin has also been described. Infu-
sion of insulin in the forearm of diabetic patients in
a closed-loop system designed to maintain a con-
stant level of plasma glucose demonstrated the need
for a greater insulin infusion rate during the early
hours of the morning, corresponding to the surge in
BP and increase in glucagon at this time.23

A certain degree of circadian pattern has also
been demonstrated for the activities or plasma con-
centrations of other hormones and peptides (such
as atrial natriuretic peptide and calcitonin gene-re-
lated peptides), but their cyclic function is not clear.

MORNING BP INCREASE—TEMPORAL
ASSOCIATION WITH CARDIOVASCULAR
EVENTS

The BP increase that takes place in the morning fol-
lowing the overnight fall in BP in dippers is temporal-
ly related to the increase in cardiovascular accidents,
such as stroke and myocardial infarction.1,24 In a typ-
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Figure 2. Reduction in vascular resistance by nitroprusside (A) and the o-adrenoceptor antagonist phentolamine (B).
Drugs were infused into the forearm of volunteers.17 Reprinted with permission from Panza JA, et al. N Engl ] Med.
1991;325:986-990. Copyright ©1991 Massachusetts Medical Society. All rights reserved.
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ical hypertensive patient, SBP and DBP both rise by
more than 10 mm Hg during the waking hours, nor-
mally between 6 a.m. and 10 a.m.7:25 In association
with this increase, the incidence of stroke dramatical-
ly rises by almost three-fold between 8 a.m. and 10
a.m.,26 the incidence of myocardial infarction increas-
es by up to two-fold between 5 a.m. and noon,! and
the incidence of sudden cardiac death increases by ap-
proximately 1.5-fold between 6 a.m. and noon.2

The increase in cardiovascular accidents appears
to be associated with the waking hours rather than
with the time of day. Adjusting the data on the inci-
dence of sudden cardiac death to consider the num-
ber of hours after waking shows a transient doubling
of the incidence of stroke within the first 3 hours of
waking (Figure 3).2

Effect of Altered Sleep Pattern on BP Increase
and Sudden Death
The circadian pattern of the BP decrease is depen-
dent on activity rather than on time of day. This ef-
fect has been clearly demonstrated in an inves-
tigation of BP variations in those who do shift
work requiring alternation between working days
and nights.27 In individuals who work during the
night, DBP and SBP remain as expected during the
activity of the day. BP does not decline until the pe-
riod of sleep taken in the morning. Similarly, after
the change to working during the day, the pattern of
BP changes back to a fall during sleep at night, with
an increase during the day. This change is rapid,
suggesting that BP depends on the sleep pattern and
not the circadian rhythm. Similarly, plasma renin
activity follows the pattern of sleep, increasing dur-
ing periods of sleep regardless of the time of day.28
Interestingly, the incidence of sudden death
contrasts with BP and plasma renin activity by not
following the pattern of sleep. Investigation of the
effects of altered sleep patterns due to changing
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Figure 3. Circadian incidence of sudden cardiac death,
adjusted for time of awakening.?2 Reprinted from
Willich SN, et al. Increased onset o/iudden cardiac
death in the first three hours after awakening. Am ]
Cardiol. 1992;70:65-68. © 1992, with permission
from Excerpta Medica Inc.
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time zones suggests that sudden cardiac death fol-
lows a circadian rhythm set in the time zone of
origin.2? The incidence of myocardial infarction
and of sudden death in the overall population of
the Hawaiian Islands shows a transient increase
between 6 a.m. and noon, as expected. In con-
trast, the incidence of sudden death within the vis-
iting population of Hawaii showed a much greater
increase between noon and 6 p.m., which corre-
sponded to sudden death in the morning in visi-
tors who were from the continental United States.

BP DURING SLEEP AS A PROGNOSTIC
INDICATOR

The existence of dippers and nondippers raises the
question of the significance of the decrease in BP
during sleep. Nondippers provide the opportunity
to investigate the implications of BP remaining high
during the night, as occurs in many untreated and
treated hypertensive patients.

Association of Nondippers With Disease Severity
A number of studies have demonstrated an associa-
tion of nondippers with an increase in severity of
disease, such as an increased progression of renal
disease and increased brain and cardiac complica-
tions.30, 31 A comparison of patients with hyperten-
sive renal disease of over 3 years’ duration showed a
1.7-fold greater fall in creatine and a 1.7-fold
greater increase in the level of proteinuria in nondip-
pers, relative to dippers matched for such character-
istics as age, sex, and office BP.30 This phenomenon
suggests that being a nondipper is associated with a
more rapid decline in renal function. Similarly, hy-
pertensive nondippers have been associated with a
greater average number of lacunae within the brain
and a greater incidence of left ventricular hypertro-
phy, compared with hypertensive dippers and nor-
motensive subjects.3! More recently, increased
intimal-medial thickness of blood vessels and in-
creased prevalence of plaques have been observed in
hypertensive nondippers compared with hyperten-
sive dippers.32 Also, supraventricular and ventricular
arrhythmias have been found to be more prevalent
among nondippers than dippers.33 Taken together,
these data suggest that people in whom BP decreases
during the night incur less damage to their brain,
kidneys, heart, and blood vessels than people with
elevated nocturnal BP.

Variation in Dipper Status

A person who may be categorized as a nondipper one
night may change to become a dipper the following
night. A study from Japan showed that nearly one
third of untreated mildly to moderately hypertensive
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patients had changed their status the following
night,34 and a study conducted in the United King-
dom found that 44% of patients had a variable dip-
ping status.35 As dipper status varies within an
individual, it is difficult to interpret data that rely on
a single recording of ambulatory BP. Data from mul-
tiple recordings of nondipper/dipper intervals are re-
quired in order to draw any firm conclusions.

Dipper/Nondipper Survival Data

The probability of event-free survival has been shown
to differ between dipper and nondipper patients with
essential hypertension. In a prospective study,3¢ pa-
tients with essential hypertension were followed for
up to 7.5 years. After adjustment for traditional risk
markers for cardiovascular disease, the relative risk of
cardiovascular morbidity in nondippers was almost
double that of dippers (6.26 compared with 3.70). A
retrospective study37 compared hypertensive patients
experiencing cardiovascular events with a similar
group of hypertensive patients free from cardiovascu-
lar events. Nocturnal reductions of SBP and DBP
were, on average, below 10% (nondipper) in women
experiencing a cardiovascular event, compared with
more than 10% (dipper) in women who remained
event-free, suggesting that the probability of cardio-
vascular events is greater in nondippers than in dip-
pers. In a separate study,38 the probability of
cerebrovascular events was greater among nondip-
pers than dippers.

More recently, analysis of the control group from
the Systolic Hypertension in Europe (Syst-Eur) Trial39
showed that SBP at night (midnight to 6 a.m.) was
more closely associated with the incidence of cardio-
vascular events than average daytime, 24-hour, or
conventional office-measured BP. The relative hazard
ratios predicted from a 10 mm Hg increase in night-
time SBP for cardiovascular, cardiac, and cerebrovas-
cular events were 1.20, 1.16, and 1.31, respectively
(increases of 20%, 16%, and 31%, respectively). Al-
though these data are not specific to nondippers and
dippers, they suggest that nondippers are more likely
than dippers to experience cardiovascular events.

The Ohasama study4? in Japan examined the re-
lationship between nocturnal BP and mortality. Sub-
jects aged 40 years or over from a rural community
had their ambulatory BP measured and were then
followed for a mean of 5.1 years, after which they
were divided into groups according to the extremity
of the nocturnal fall in SBP and DBP. Subjects with
no nocturnal decline in SBP and DBP were termed
inverted dippers, those with a decline of less than
10% were termed nondippers, those with a decline
between 10% and 20% were termed dippers, and
those with a decline greater than 20% were termed

extreme dippers. The risk of mortality was highest
in the inverted dippers (no nocturnal decline), fol-
lowed by nondippers (Figure 4), and this association
was more pronounced for cardiovascular mortality
than for noncardiovascular mortality. Furthermore,
there was no difference between dippers and ex-
treme dippers, suggesting that extreme lowering of
nocturnal BP has no detrimental effect on mortality
rates, supporting the need for 24-hour reduction in
BP in hypertensives.

DISCUSSION
Much of the research into circadian rhythms is di-
rected at clarifying an underlying pathophysiologic
process that could be modified by pharmacologic or
other means. Drugs can influence and sometimes
block the effect of these circadian patterns. From a
therapeutic point of view, the presence of a circadi-
an rhythm with a morning surge in BP suggests that
a drug given once daily should be able to cover this
increase through a long half-life as well as through
its mechanisms of action. Drugs capable of also re-
ducing the morning increase in NE and angiotensin
II, in particular, could have a more cardioprotective
effect and a better BP-lowering effect. For example,
the long-acting angiotensin II receptor antagonist
telmisartan not only has an effect on BP over a com-
plete 24-hour period because of its long half-life, but
it could also limit the morning surge in BP through
an effect on the RAAS and noradrenergic system.
The dipper status may be influenced by drugs. For
example, Uzu et al.4! have shown a significant asso-
ciation between diuretic therapy (hydrochloroth-
iazide) and the nocturnal fall in SBP and DBP in
nondippers who became dippers, but not in previ-
ously recorded dippers. In contrast, a blunting of the
nocturnal fall in BP was recently suggested in a study
to investigate the effects of the o-adrenergic antago-
ist doxazosin.42 Exploitation of the knowledge
gained from these and similar studies should prove

All-cause mortality Cardiovascular Noncardiovascular
mortality 3¢9+ mortality

RH (95% Cl)

&
I
&
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Figure 4. Comparison of the risk of mortality in ex-
treme dippers (ED), dippers (D), nondippers (ND), and
inverted dippers (IND) after an average follow-up of
5.1 years. RH=relative hazard; *p=0.02; **p=0.004 vs. D
Reprinted with permission of Elsevier Science from Am
J Hypertens. 1997;10:1201-1207.40
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useful in further understanding the significance of the
dipper status relative to the incidence of cardiovascu-
lar disease and may lead to a better understanding of
hypertensive therapy.
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