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Non-dipping in hypertension: still a challenging problem
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Many individuals with elevated clinical blood pressure
do not develop hypertensive complications and a large
number of subjects may be treated with little or no
benefit to the individual [1]. A body of evidence
suggests that the average of the blood pressure read-
ings recorded during 24 h with ambulatory monitoring
is a more powerful predictor of outcome than clinical
blood pressure and that it helps identify those subjects
who really need antihypertensive treatment [2]. Several
attempts have been made to determine whether other
parameters derived from 24-h blood pressure recording
may add prognostic information to that provided by
average ambulatory blood pressure. It is known that
blood pressure varies markedly over a 24-h period but
the prognostic significance of these changes is still a
matter for dispute [3]. In particular, much attention
has been paid to the blood pressure changes associated
with the sleep—wake cycle. Most individuals have a
substantial fall in blood pressure when they sleep
accompanied by a decrease in heart rate [4]. These
changes are closely linked to the level of arousal.
Following the introduction of ambulatory blood pres-
sure monitoring, it appeared that some individuals
have little or no fall in blood pressure when they sleep.
This has led to classification of subjects into dippers
and non-dippers. Whether this classification is asso-
ciated with adverse outcome has been the subject of
much debate [5]. Although the evidence predomi-
nantly indicates the presence of a greater cardio-
vascular morbidity and mortality in non-dippers than
dippers, the issue remains, at least in part, controversial
due to a number of methodological problems. The
main reasons for concern are the poor consistency
shown by the diurnal blood pressure rhythm in repro-
ducibility studies [6,7] and the different criteria that
have been used in the literature to define dipping/non-
dipping status [8,9]. Moreover, the pathogenetic me-
chanisms of the non-dipping condition are poorly
understood, and it is not known whether therapy
aiming to improve abnormal diurnal blood pressure
rhythm may have a favourable impact on a patient’s
prognosis [5,8,9].
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Effect of physical activity on the diurnal blood
pressure rhythm

In this issue of the journal, Cavelaars ¢z a/. [10] examine
how much the overall variance in the sleep—wake blood
pressure difference can be accounted for by changes in
physical activity. The relationship between ambulatory
blood pressures and activity was investigated using
reliable methods. Blood pressure was recorded directly
through a catheter inserted in the brachial artery and
connected to a pressure transducer. Such a technique
ensures the reliability of the blood pressure measure-
ment. Physical activity and body posture were meas-
ured with five acceleration sensors put on the skin.
Lying down, sitting, standing and walking comprised
the types of activities taken into account during the
recordings, and a strength of the study is that the
haemodynamic changes related to the four activities
were also studied in the laboratory under supervised
conditions. The main finding of the study is that the
degree of physical activity during daytime has little
influence on the diurnal blood pressure profile and
dipping status. This conclusion was based on dippers
and non-dippers having similar daytime physical activ-
ity, night-time activity and nocturnal decrease in activ-
ity. On the other hand, the authors found that blood
pressure changes during daytime largely depended on
the type of activity. Walking was associated with in-
creased diurnal variation of systolic blood pressure and
decreased variation of diastolic blood pressure. By
contrast, taking into account only those periods during
which subjects were not walking resulted in decreased
diurnal variation of systolic blood pressure and in-
creased diurnal variation of diastolic blood pressure.
Thus, the proportion of dippers and non-dippers varied
greatly according to the blood pressure taken and the
period of activity. If the walking period was considered,
the proportion of dippers was 81% for systolic blood
pressure and 25% for diastolic blood pressure, and was
36 and 53%, respectively, if the non-walking period was
considered. This led the authors to conclude that
physical activity has a large potential effect on dipping
status. These apparently contradictory data deserve
further comment. From a pathogenetic standpoint, the
results obtained by Cavelaars er «/. [10] indicate that
the dipping phenomenon is not related to the activities
performed by a subject during the daytime. If dippers
and non-dippers do not differ for degree of physical
activity, it means that activity is not the key factor in
determining the dipping/non-dipping status. On the
other hand, if the diurnal variation in blood pressure is
closely related to the type of activity performed during
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the daytime, it follows that, within a single individual,
the nocturnal blood pressure fall is heavily dependent
on the time spent in each activity. This was previously
demonstrated by Mann e a/. [11] who studied the
diurnal rhythm of blood pressure on two different days.
Diurnal variations of blood pressure were more pro-
nounced when subjects were active than when they
were kept in bed. More recently, the dipping/non-
dipping status of 43 subjects was assessed by O’Shea
and Murphy [12] using ambulatory blood pressure
recorded over two 24-h periods of differing activity
levels. In their study, physical activity quantified by
electronic activity monitors was an important determi-
nant of dipping status. When ambulatory blood pres-
sure was recorded on a less active day, the proportion
of non-dippers trebled, indicating the importance of
interpreting 24-h ambulatory blood pressure data only
in the presence of adequately quantified activity data.
Thus, the conclusion of Cavelaars e «/. [10] that
physical activity performed during ambulatory blood
pressure monitoring is clinically irrelevant may be
questionable.

Classification of dipping/non-dipping status

The data obtained by Cavelaars ez a/. [10] stress the
importance of the choice of blood pressure index
(systolic or diastolic) used to define the non-dipping
condition. In their study, subjects were defined as
dippers if they had a nocturnal fall of systolic or
diastolic blood pressure = 10% of daytime values.
Therefore, subjects who were dippers for systolic blood
pressure could be non-dippers for diastolic blood pres-
sure and vice-versa. The last Consensus Conference on
ambulatory blood pressure monitoring took into account
only systolic blood pressure for the classification of
dipping status [8]. This definition has been used by
most authors on the basis that a non-dipping pattern is
more often observed for systolic than for diastolic blood
pressure [13,14]. According to some authors, both the
systolic and the diastolic nocturnal blood pressure
reductions should be abnormal for the definition of
non-dipper [12]. Others have used mean blood pressure
for the classification [15]. Using systolic and diastolic
blood pressures separately for the classification of dip-
ping status and then pooling the subjects, as performed
by Cavelaars ¢z a/l. [10], may explain why activity did
not vary according to dipping status in their study. In
fact, more time spent walking increased the proportion
of ‘systolic’ dippers, whereas more time spent in non-
walking activities increased the proportion of ‘diastolic’
dippers. It is likely that physical activity would differ
between dippers and non-dippers if only systolic blood
pressure were taken into account. As the authors
themselves concede, these data show that different
results can be obtained according to the blood pressure
index used for the definition of dippers and non-

dippers. This calls for adhering to common procedures
for the classification of dipping status.

Night-time activity and quality of sleep

In agreement with previous reports [15], in the study
by Cavelaars ez @/. [10], increased night-time activity
did influence the diurnal rhythm causing a smaller
nocturnal reduction of systolic blood pressure. Sleep
disturbances that might lead to arousals have been
suggested as a possible causative mechanism for the
higher levels of sleep activity in non-dippers [15]. For
example, patients with sleep apnoea are more likely to
have a non-dipping blood pressure profile than patients
without sleep apnoea [16]. According to Cavelaars ez al.
[10], sleep quality assessed by a questionnaire did not
affect the day—night blood pressure difference and was
not correlated with nocturnal activity. However, the
procedure used to assess the quality of sleep appears to
be a limitation of the study. One study using a more
objective method to identify sleep showed that hyper-
tensive dippers spent more time in bed asleep than
non-dippers, and that a non-dipper blood pressure
profile can indeed be due to increased activity during
sleep [15]. Several factors may contribute to disturbed
sleep in non-dippers [17]. Sleep apnoea may be a
possible causative factor and, in a study of patients with
obstructive sleep apnoea, 84% had a non-dipper blood
pressure profile [18]. In addition, less clinically evident
disturbances of sleep including snoring and mild ap-
noeas may cause nocturnal elevations in blood pressure
[19,20]. Increases in blood pressure during apnoeic
episodes have been attributed to increased sympathetic
activity, as shown by studies measuring muscle sympa-
thetic nervous activity [21]. This mechanism may
explain the selective increase in systemic vascular
resistance found by Cavelaars ez «/. [10] in their
subjects with a non-dipper blood pressure pattern.
Sleep disturbances have been found to be more fre-
quent in overweight or obese subjects [22], and the
non-dippers studied by Cavelaars ez «/. [10] indeed had
a higher, although non-significant, body mass index
compared to dippers. An alternative explanation for the
higher degree of activity during sleep in non-dippers is
that repeated cuff inflation may interfere with sleep,
meaning that they would suffer a higher degree of
sleep interference.

Diurnal variation of systemic vascular
resistance: non-dipping or non-peaking?
There is general agreement that the nocturnal fall in
blood pressure is mostly due to a decrease in cardiac
output driven by the pronounced decrease in heart rate,
and the data obtained by Cavelaars ¢z @/. [10] are in line
with previous reports. There is less agreement regard-
ing the diurnal variation of total peripheral resistance,
which was found to be lower during sleep in some
studies [23] but higher in others [24]. However, the
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behaviour of vascular resistance is not uniform across a
given sample. In some subjects, peripheral resistance
can be higher during sleep and, in others, higher during
wakefulness [24]. In the study by Cavelaars ez a/. [10],
systemic vascular resistance calculated from the intra-
arterial blood pressure waveforms showed a different
diurnal variation in dippers and non-dippers. In dippers,
peripheral resistance did not change significantly from
day to night, whereas it significantly increased in non-
dippers. The discrepant results obtained in the two
groups cannot be attributed to a different response to
the change in posture from day to night because
daytime supine rest in the laboratory caused a small
comparable decline in peripheral resistance in the two
groups. As mentioned previously, a possible explanation
for the nocturnal increase in peripheral resistance
in non-dippers is a heightened sympathetic activity
during sleep, which may be the consequence of sleep-
disordered breathing syndromes. However, as noted by
Pickering and James [25] a decade ago, the problem
could be seen from a different standpoint. A persuasive
case has been made for taking sleep blood pressure as
the baseline level for analysis of the 24-h rhythm. Sleep
blood pressure is less affected by environmental factors,
and could thus conceivably be taken as the ‘basal’
blood pressure of an individual. In most individuals,
sympathetic tone is lower during sleep than during
wakefulness and can be considered as being at a ‘floor’
level [26]. According to this view, subjects with greater
day/night blood pressure difference might be classified
as ‘peakers’ [25]. A recent study by Narkiewicz e al.
[27] measuring muscle sympathetic nerve activity
showed that subjects with higher daytime resting meas-
urements of sympathetic traffic had a more striking
day—night difference in systolic blood pressure than
subjects with smaller sympathetic activity. Raikkonen
et al. [28] found blunted cardiovascular responses to
daily activities in non-dippers compared to dippers.
This indicates that dippers (or peakers) are character-
ized by higher sympathetic tone during wakefulness,
possibly accounting for the absent decrease in periph-
eral resistance from night to day observed in dippers by
Cavelaars ez a/. [10]. The results obtained by Hojo ez a/.
[29] with power spectral analysis of the R—R interval
arc in agreement with this concept. In their study, the
mean daytime LF/HF power ratio was significantly
lower in non-dippers than in dippers, whereas the
night-time LF/HF power ratio was not significantly
different between the two groups. During head-up
tilting test, the LF/HF power ratio increased signifi-
cantly in dippers whereas there was no significant
change in the LF/HF power ratio in non-dippers.
These results suggest that impaired night to day
modulation in autonomic nervous system activity could
account for the altered diurnal variation of peripheral
resistance and the inadequate blood pressure increase
during the daytime in non-dippers (non-peakers).
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In conclusion, the study by Cavelaars e /. [10]
provides further insight into the mechanisms of the
diurnal blood pressure rhythm. The authors have
yielded several interesting observations concerning the
role of physical activity in modulating the wake—sleep
cycle. However, their findings do not provide a definite
answer to the question of whether the non-dipping
phenomenon should be interpreted as an impaired
capacity to reduce blood pressure at night or as a
reduced response to physical and/or mental stimuli
during daytime. A better understanding of the mechan-
isms underlying the altered diurnal blood pressure
rhythm in hypertensive non-dippers would help to
establish whether and how a non-dipping pattern
should be treated with the purpose of restoring a
normal rhythm.
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