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Objective - To assess the influence of the quality of
sleep on the nocturnal physiological drop in blood pres-
sure during ambulatory blood pressure monitoring.

Methods - We consecutively assessed ambulatory blood
pressure monitoring, the degree of tolerance for the examina-
tion, and the quality of sleep in 168 patients with hypertension
or with the suspected “white-coat” effect. Blood pressure fall
during sleep associated with a specific questionnaire and an
analogical visual scale of tolerance for ambulatory blood
pressure monitoring were used to assess usual sleep and sleep
on the day of examination. Two specialists in sleep disturban-
ces classified the patients into 2 groups: those with normal
sleep and those with abnormal sleep.

Results - Fifty-nine (35 %) patients comprised the
abnormal sleep group. Findings regarding the quality of
sleep on the day of ambulatory blood pressure monitoring as
compared with those regarding the quality of sleep on a usual
day were different and were as follows, respectively: total
duration of sleep (-12.4±4.7 versus -42.2±14.9 minutes,
P=0.02), latency of sleep (0.4±2.7 versus 17±5.1 minutes,
P<0.001), number of awakenings (0.1±0.1 versus 1.35±0.3
times, P<0.001), and tolerance for ambulatory blood
pressure monitoring (8±0.2 versus 6.7±0.35, P=0.035). An
abnormal drop in blood pressure during sleep occurred in 20
(18%) patients in the normal sleep group and in 14 (24%)
patients in the abnormal sleep group, P=0.53.

Conclusion - Ambulatory blood pressure monitoring
causes sleep disturbances in some patients, and a positive
association between quality of sleep and tolerance for the
examination was observed.
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Cessation of vigil consciousness, with the concomitant
reduction in the response to the environment, leads to multiple
changes in the circadian rhythm of vital functions, such as the
sleep-wake cycle of blood pressure 1. During sleep, a mean
physiological 10% reduction in blood pressure is known to
occur, which depends on arterial vasodilation 2. This fall in
blood pressure occurring during sleep is the result of a re-
duction in physical, mental, and sympathetic activities 3.

Since the beginning of blood pressure measurement wi-
th the palpation technique, the reduction in blood pressure
levels during sleep as compared with the levels during the
period of wakefulness has attracted the attention of rese-
archers 4. In 1969, Bevan et al 5 were pioneers in the experi-
mental assessment of blood pressure levels in sleeping pa-
tients, through intraarterial measurement. In 1975, measure-
ment of arterial blood pressure during different activities and
during sleep began to be used in clinical practice 6,7. The
importance of detection of blood pressure variability over 24
hours, specifically during the sleep-wakefulness period, has
increased after the miniaturization of the measuring equip-
ment and recognition of the clinical importance of hemody-
namic alterations during sleep. At the end of the 1980s, the
terms “dipper” and “nondipper” began to be used to classi-
fy individuals with normal and abnormal drop in blood pres-
sure during sleep, respectively 8. Currently, the most accessi-
ble way of assessing the fall in blood pressure during sleep is
through 24-hour ambulatory blood pressure monitoring 9,10.

The inadequate fall in blood pressure during sleep de-
tected on ambulatory blood pressure monitoring correlates
with the presence of lesions in target organs 11-18. This
shows that this parameter is superior to the occasional mea-
surements of arterial blood pressure in the prognostic ana-
lysis of hypertensive patients 18. However, ambulatory
blood pressure monitoring, through sonorous, tactile, and
compressive stimuli, has been reported to cause a disarray
in the usual architecture of sleep, leading to an increase in
awakenings, to difficulty in initiating or maintaining normal
sleep, or even to excessive diurnal sleepiness. Because of
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these discomforts, caution in using the blood pressure pa-
rameters obtained in ambulatory blood pressure monitoring
during the nocturnal period has been recommended 19.

The objective of this study was to analyze how ambu-
latory blood pressure monitoring, which is an auxiliary
method in the diagnostic, prognostic, and therapeutic eva-
luation of hypertension, influences the quality of sleep and
the pattern of blood pressure drop during sleep.

Methods

We consecutively studied 168 patients with hy-
pertension or suspicion of the “white-coat” effect, who
were referred for ambulatory blood pressure monitoring in a
general university-affiliated hospital from January 1997 to
July 1998. All patients underwent the first examination. The
cases with poor technical quality in ambulatory blood pres-
sure monitoring (duration of examination less than 21 hours,
fewer than 70 valid readings, reading success lower than
80%, and no-reading interval(s) longer than 2 hours) were
excluded from the study. Patients referred with the diagnosis
of secondary arterial hypertension, and individuals using
sedatives or hypnotic drugs on the night of the examination
were also excluded. Ambulatory blood pressure monitoring
was performed with the SpaceLabs 90207 monitor, through
the sphygmo-oscillometric form of blood pressure measure-
ment, with indirect, programmed, and intermittent measure-
ments. The monitors were placed and withdrawn in the mor-
ning, on a day with usual activities, according to the recom-
mendations of the Brazilian Consensus of Ambulatory
Blood Pressure Monitoring 20. The readings were program-
med at 15-minute intervals, from 6 AM to 10 PM, and at every
20 minutes, from 10 PM to 6 AM. A sonorous warning prior to
cuff inflation remained on during the measurements from 6
AM to 10 PM. The patients filled out a diary that provided
identification of their activities, symptoms, medication
used, and sleep and awakening times.

Determination of the wakefulness and sleep periods
was time-dependent on short periods as follows: wakeful-
ness period ranging from 10 AM to 10 PM, and sleep period
from 12 PM to 6 AM 21,22. Drop in blood pressure during sleep
was defined as the reduction in blood pressure levels du-
ring sleep as compared with the levels in the period of wake-
fulness 23. Individuals with an adequate drop in blood pres-
sure during sleep had a simultaneous drop in systolic and
diastolic blood pressure levels <10%; individuals with an
inadequate fall in blood pressure during sleep had a noctur-
nal drop in systolic or diastolic blood pressure levels, or
both, <10% 24.

Quality of sleep was evaluated through the analysis of
a questionnaire previously used in population investiga-
tions 25-30. The degree of tolerance for the examination was
measured through a linear analogical visual scale graded
from 0 to 10 31. The questionnaire about quality of sleep ap-
plied right after withdrawal of the monitor provided compa-
rative information between the usual sleep and sleep on the
day of ambulatory blood pressure monitoring. We collected

data about latency of sleep (period of time between the in-
tention to sleep and the effective beginning of sleep), time
spent in bed (period of time between going to bed to sleep
and getting up after waking up), duration of sleep (period of
effective sleep), and presence and number of nocturnal awa-
kenings. In regard to tolerance, ambulatory blood pressure
monitoring was classified as follows: tolerable (>8.6), less
tolerable (from 6.5 to 8.5), and intolerable (< 6.5) 31. Data re-
ferring to quality of sleep were analyzed according to the
criteria of the Epworth sleepiness scale 30 and the Stanford
sleepiness scale 29 by 2 neurologists specially trained in
sleep disturbances. They classified separately and without
knowing the ambulatory blood pressure monitoring para-
meters those individuals who had a type of sleep consi-
dered adequate or inadequate during ambulatory blood
pressure monitoring. The cases upon which they disagreed
were assessed by a third evaluator.

Nominal categorical variables were expressed by their
respective proportions. The estimate of the degree of asso-
ciation was performed using the contingence table (chi-
square). Continuous variables were expressed by mean ±
standard deviation. The normal distribution of data was
evaluated using the Kolmogorov-Smirnov test, prior to the
application of the parametric (Student t test) or nonpara-
metric (Wilcoxon rank-sum test) test. The minimum signifi-
cance level adopted was 5%.

Results

The sleep evaluators agreed on the questionnaire
analyses of 155 (92.7%) patients. The 13 remaining patients
were analyzed by a third evaluator. On final consensus, 109
(64.9%) patients had a normal sleep quality, and 59 (35.1%)
patients had an abnormal sleep quality on the day of ambu-
latory blood pressure monitoring.

Table I shows the major demographic characteristics
and blood pressure levels obtained with ambulatory blood
pressure monitoring according to sleep quality during the
examination. The sample showed no significant differences
in the demographic data, in the major risk factors for corona-
ry artery disease, and in blood pressure levels obtained on
ambulatory blood pressure monitoring in 24 hours.

Figure 1 shows the values calculated for the fall of
systolic (12.27±1.42 versus 10.54±1.37, P=0.10) and diastolic
(16.86±1.53 versus 15.44±1.59, P=0.91) blood pressure levels
during sleep in the groups with normal and abnormal sleep,
respectively, and no significant difference could be seen
between them. Typical graphic representations of different
patterns of blood pressure drop during sleep are shown in
figures 2 and 3.

The number of patients with inadequate blood pressu-
re drop during sleep was similar in the 2 study groups. Twen-
ty (18.3%) patients with inadequate blood pressure drop du-
ring sleep were found in the normal sleep group, and 14
(23.7%) patients with inadequate blood pressure drop du-
ring sleep were found in the abnormal sleep group (P=0.53).

Information obtained using the sleep quality question-
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naire and the analogical visual scale of tolerance for ambu-
latory blood pressure monitoring is summarized in table II.
We observed that the total time spent in bed was similar for

both groups, but the other parameters collected in the sleep
questionnaire showed the degree of interference and dis-
comfort created on the night of the examination. The degree
of tolerance for ambulatory blood pressure monitoring had
a positive association with the quality of sleep during exami-
nation (fig. 4), evidencing the importance of adaptation to
examination during sleep in the global acceptance of this
diagnostic test.

Discussion

The population of the present study was homogeneous
in gender and age, reducing the influence of the poor quality of
sleep, mainly in the female sex 32 and elderly patients 27. In the
elderly patients, the nocturnal parameters of ambulatory
blood pressure monitoring should be cautiously analyzed 11;
an elevated prevalence of insomnia exists in this age group 33.

When performing ambulatory blood pressure mo-

Table I – Characteristics of the patients according to the analysis of quality of sleep

Normal sleep Abnormal sleep p
( n=109) ( n=59)

Sex (male/female) 52/57 26/33 0.53
Age (years) 46.89±12.61 49.91±12.40 0.13
Age above 60 years (%) 24.5 19.4 0.59
Diabetes (%) 21.13 25.42 0.069
Smoking (%) 30.02 28.81 0.063
Obesity – BMI (kg/m2) * 25.29±3.65 25.20±3.51 0.81
Indication for examination:

- therapeutic control of hypertension/ 58/48 29/33 0.69
- assessment of the “white-coat” effect

24-hour blood pressure (mm Hg)
- Systolic 134.12±13.25 135.34±14.27 0.58
- Diastolic 84.50±10.62 84.68±9.48 0.91

Awake blood pressure (mm Hg)
- Systolic 139.02±13.71 137.94±14.65 0.63
- Diastolic 88.52±9.86 87.87±9.86 0.71

Asleep blood pressure (mm Hg)
- Systolic 121.44±13.54 123.78±15.30 0.30
- Diastolic 73.03±9.16 74.61±10.45 0.32

* body mass index calculated by the ratio between weight in kilograms and the square height in meters.

Fig. 2 – Adequate blood pressure fall during sleep.
Systolic and diastolic blood pressure fall during sleep > 10% of awake blood
pressure levels.

Fig. 3 – Inadequate blood pressure fall during sleep.
 Systolic and diastolic blood pressure fall during sleep < 10% of awake blood
pressure levels.

Fig. 1 – Systolic and diastolic blood pressure fall during sleep. Nocturnal systolic and
diastolic blood pressure fall in the groups with different qualities of sleep. No differen-
ce between the groups was observed: syst BP (systolic blood pressure), P=0.10; diast
BP (diastolic blood pressure), P=0.91.

normal sleep

abnormal sleep

syst  BP diast  BP

n
oc

tu
rn

al
 b

lo
o

d
 p

re
ss

u
re

 fa
ll



Arq Bras Cardiol
2002; 78: 218-23.

Alessi et al
Quality of sleep on the nocturnal decline in blood pressure

221221

nitoring more than once, some patients get used to the pro-
cedure and report a lower intolerance to the examination. For
others, the fact of knowing the discomforts generated by a
prior examination may increase the intolerance threshold
and sleep disturbances 33. As we decided not to condition
patients to ambulatory blood pressure monitoring, we
excluded those who had undergone a prior examination and
avoided repeating the examination in the patients included
in the study. This exclusion criterion may have limited the
interpretation of data because of the low reproducibility of
data of ambulatory blood pressure monitoring in the
analysis of blood pressure drop during sleep. According to
some authors, examinations repeated in different popu-
lations showed that 20% to 40% of the individuals con-
sidered nondippers on a first examination may behave as
dippers on a 2nd monitoring and vice-versa 34,35. However,
recent studies specifically directed to reproducibility of the
presentation of blood pressure drop during sleep showed
no statistical differences after 4 examinations of ambulatory
blood pressure monitoring in the same patient, performed
on the same weekday at 30-day intervals 36. The possible
factors involved in the reproducibility of ambulatory blood
pressure monitoring could be the following: different daily
activities on different days of examination, a reduction in ac-
curacy due to very high levels of blood pressure, differen-
ces in the quality of sleep, and limitation of the examination
in conditions of ambulatory measurements 37.

Noninclusion of patients with diagnosed or suspected
secondary hypertension according to medical requisitions

aimed to exclude patients with previous alterations in blood
pressure drop during sleep, which do not depend on the
quality of sleep 23. Reports that these patients may not have
an adequate nocturnal blood pressure drop exist 38. The use
of substances that interfere with normal sleep architecture,
such as anxiolytics or sleep inductors, was also considered
in the exclusion criteria.

Programming the number of blood pressure measure-
ments chosen is in accordance with the criteria recommen-
ded in the literature and consists of the following: at least 3
readings per hour during the day and 2 readings per hour
during the night 20,39. A lower frequency of measurements
during sleep may reduce the discomfort generated by multi-
ple sonorous, tactile, and compressive stimuli, caused by
cuff inflation 19. Pressure means were defined in 24-hour
periods, in periods of wakefulness and sleep 40. The terms
“day and night” were not used because they do not corres-
pond to the levels of physical activity and rest that are cha-
racteristic of wakefulness and sleep, respectively.

No consensus exists for the definition of blood pres-
sure during wakefulness and during sleep so far, and at
least 10 different methods have been used to analyze ambu-
latory blood pressure monitoring 41. The techniques used
may be time-independent or time-dependent (short and
long periods) 41. The use of predetermined short periods al-
lows the exclusion of the transitional periods in which blood
pressure rapidly varies from the analysis of the wakefulness
profile. Arguments against this technique exist, suggesting
that not all information about blood pressure levels is avai-
lable in the analysis of blood pressure drop during short pe-
riods of time; however, in the 24-hour analysis, all values
collected are analyzed.

Blood pressure drop during sleep is calculated using
the percent ratio of the pressure levels between the pe-
riods of wakefulness and sleep and not using the pressure
difference between these periods. Therefore, it excludes
the influence of the absolute value of blood pressure and
the overestimation of the number of patients with adequa-
te blood pressure drop 20,23. Inadequate blood pressure
drop during sleep was defined as systolic and diastolic
blood pressure fall lower than 10%, together or isolated.
This definition has raised controversies. A more strict de-
finition of inadequate blood pressure fall during sleep,
which requires that both blood pressure levels have inade-
quate nocturnal falls, is closer to the actual prevalence of
the patients considered nondippers 42. In regard to lesions
in target organs, the worse prognosis in hypertensive pa-
tients with inadequate blood pressure drop during sleep is
associated with left ventricular hypertrophy 12, cerebro-
vascular damage 14,15, and microalbuminuria 17. These pa-
tients are the nondippers who have a higher probability of
complications associated with hypertension 24. Until the
present time, the prognostic significance of inadequate
blood pressure drop during sleep in normotensive in-
dividuals has not yet been defined.

Polysomnography is the gold standard for assessing
sleep disturbances, but requires an adequate environment

Table II – Data obtained by the analysis of the quality of sleep
questionnaires and the degree of tolerance for examination

Normal sleep Abnormal sleep p
( n=109) ( n=59)

Total time spent in bed (minutes) * 6.83±4.02 -15.17±8.03 0.26
Total sleep duration (minutes) * -12.44±4.66 -42.20±14.92 0.02
Sleep latency (minutes) * 0.36±2.7 17±5.06 <0.001
Nocturnal awakenings * 0.1±0.1 1.3±0.2 <0.001
Tolerance degree for ABPM ** 7.96±0.23 6.67±0.35 0.035

ABPM - ambulatory blood pressure monitoring; * means the difference
between the absolute values of sleep during ABPM and usual sleep of the
patients; ** according to the visual analogical scale and tolerance for ABPM.

Fig. 4 – Degree of tolerance for ABPM according to quality of sleep.

Tolerance for examination

tolerable less tolerable intolerable

normal sleep

abnormal sleep
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for its performance and has an elevated operational cost 43.
Several studies have been directed at assessing quality of
sleep in the general population using questionnaires, main-
ly the epidemiological kind, in which the number of partici-
pants is high 27,28. The epidemiology of acute or transitory
sleep disturbances is not well known, because of methodo-
logical limitations in this research area, such as the use of
small or nonrandomized samples in several studies. Appro-
ximately 30% to 35% of adults report difficulties in sleeping
at some point in their lives, and 10% to 15% report chronic
or severe sleep problems. Almost everybody has already
experienced an occasional night of little sleep either caused
by transitory stress or by recent events with greater stimuli
or annoyances 44.

In this study, we chose to use a specific questionnaire
about quality of sleep, which comprised subjective items
that were easily collected and necessary for the most ade-
quate classification. We used the classifying items of the
Stanford and Epworth sleepiness scales, which are most
frequently used for this purpose 29,30. This methodology
does not transform the patient’s night into an unusual situa-
tion and is performed in the household of any patient taking
part in the research and undergoing ambulatory blood pres-
sure monitoring. These questionnaires are simple, short,
and may provide a valid measurement of quality of sleep in
adults 45,46. The subjective analysis of sleep does not repla-
ce the gold-standard examination, which is polysomnogra-
phy 43, but provides a fair estimate of sleep quality at an ac-
cessible cost and with no change in sleep environment du-
ring conventional ambulatory blood pressure monitoring. A
high concordance in the classification of the patients in re-
gard to sleep quality was found among the evaluators,
which validates, in this study, the applied questionnaire as
an instrument of data collection and classification. The
conflicting items between the usual sleep condition and
that on the day of ambulatory blood pressure monitoring al-
lowed the distinction of patients who might have chronic
sleep disturbances from those with an acute disturbance of
sleep fragmentation caused only on the day of examination.

Our data on sleep latency, time spent in bed, total dura-
tion of sleep, and presence of naps are in accordance with
those found in the literature 19,47,48. Reports in the literature
show that, during polysomnography and ambulatory blood

pressure monitoring, an increase in the frequency 19,49 and
duration of awakenings 48 occurs because of the discomfort
generated by excessive cuff inflations.

According to some researchers, the major disadvan-
tage of ambulatory blood pressure monitoring is sleep dis-
turbance, which causes artifacts in the nocturnal parame-
ters, and, consequently, makes the precise classification of
blood pressure fall during sleep unfeasible 50,51. From the
practical point of view, these considerations raised some
doubts and questions about the actual influence of adequa-
te and inadequate sleep on the presentation of blood pres-
sure fall during sleep and the reliability of this parameter in
patients who do not sleep well or who do not tolerate ambu-
latory blood pressure monitoring.

The participation of neurologists who specialized in
sleep disturbances in the elaboration of the questionnaire
and the analysis of data collected, when considering the
usual characteristics of sleep, is the great strength of this
study. This is the first report in the Brazilian literature about
a combined analysis of sleep quality assessed on a specific
questionnaire, and its influence on the pattern of blood
pressure drop during sleep obtained using ambulatory
blood pressure monitoring.

A positive association was found between the
degree of tolerance for the examination and sleep quality;
the most tolerant patients more frequently had adequate
sleep. This correlation between tolerance for the exa-
mination and the subjective quality of sleep on the day of
ambulatory blood pressure monitoring is also reported in a
pioneering way in this study. Sleep disturbance is believed
to be the major adverse effect of the examination, and it
results from the poor tolerance for the examination and
vice-versa.

In conclusion, this study shows that tolerance for am-
bulatory blood pressure monitoring is closely related to
quality of sleep, and that an association between the subjec-
tive quality of sleep and the presentation of blood pressure
drop during sleep does not occur. This information supports
a safer interpretation of data referring to blood pressure drop
during sleep, independent of the quality of sleep reported by
the patient, when the methodology applied during ambula-
tory blood pressure monitoring is in accordance with the
guidelines of the current consensus statement.
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