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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
orwith 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
comparedwith 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 occurredin 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, withtheconcomitant
reductionintheresponsetotheenvironment, leadstomultiple
changesinthecircadian rhythmof vital functions, such asthe
deep-wake cycle of blood pressure?. During sleep, amean
physiological 10% reduction in blood pressureisknown to
occur, which dependson arterial vasodilation?. Thisfall in
blood pressure occurring during sleep istheresult of are-
ductioninphysical, mental, and sympathetic activities®.

Sincethebeginning of blood pressuremeasurement wi-
th the pal pation technique, the reduction in blood pressure
levelsduring sleep as compared with the level s during the
period of wakefulness has attracted the attention of rese-
archers®. In 1969, Bevan et al > were pioneersin the experi-
mental assessment of blood pressure levelsin sleeping pa-
tients, throughintraarterial measurement. In 1975, measure-
ment of arterial blood pressureduring different activitiesand
during sleep began to be used in clinical practice®’. The
importanceof detection of blood pressurevariability over 24
hours, specifically during the d eep-wakefulnessperiod, has
increased after the mini aturi zati on of the measuring equip-
ment and recognition of theclinical importance of hemody-
namic alterationsduring sleep. Attheend of the 1980s, the
terms* dipper” and “ nondipper” began to beusedto classi-
fy individual swith normal and abnormal dropin blood pres-
sureduring deep, respectively®. Currently, themost accessi-
bleway of ngthefal inblood pressureduringdeepis
through 24-hour ambulatory blood pressuremonitoring °*°.

Theinadequatefall inblood pressureduring sleep de-
tected onambul atory blood pressure monitoring correl ates
with the presence of lesionsin target organs 8. This
showsthat thisparameter issuperior to the occasiona mea-
surementsof arterial blood pressurein the prognostic ana-
lysis of hypertensive patients . However, ambulatory
blood pressure monitoring, through sonorous, tactile, and
compressive stimuli, hasbeen reported to causeadisarray
intheusual architectureof sleep, leadingto anincreasein
awakenings, to difficulty ininitiating or maintaining normal
deep, or even to excessive diurnal sleepiness. Because of
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these discomforts, caution in using the blood pressure pa-
rametersobtai ned inambul atory blood pressuremonitoring
during thenocturnal period hasbeen recommended *°.

Theobjectiveof thisstudy wasto analyze how ambu-
latory blood pressure monitoring, which isan auxiliary
methodinthe diagnostic, prognostic, and therapeutic eva
[uation of hypertension, influencesthequality of deepand
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
werereferred for ambulatory blood pressuremonitoringina
general university-affiliated hospital from January 1997 to
July 1998. All patientsunderwent thefirst examination. The
caseswith poor technical quality inambulatory blood pres-
suremonitoring (duration of examinationlessthan 21 hours,
fewer than 70 valid readings, reading success lower than
80%, and no-readinginterval (s) longer than 2 hours) were
excluded fromthestudy. Patientsreferred withthediagnosis
of secondary arterial hypertension, and individual s using
sedativesor hypnotic drugsonthe night of theexamination
wereal so excluded. Ambulatory blood pressuremonitoring
wasperformed withthe Spacel. abs 90207 monitor, through
thesphygmo-oscillometric form of blood pressuremeasure-
ment, withindirect, programmed, and i ntermittent measure-
ments. Themonitorswereplaced andwithdrawninthemor-
ning, onaday with usual activities, according totherecom-
mendations of the Brazilian Consensus of Ambulatory
Blood Pressure Monitoring?. Thereadingswereprogram-
med at 15-minuteintervals, from6awm to 10pm, and at every
20 minutes, from 10pm to 6Am. A SONorouswarning prior to
cuff inflation remained on during themeasurementsfrom 6
am to 10 pv. The patientsfilled out adiary that provided
identification of their activities, symptoms, medication
used, and sleep and awakening times.

Determination of the wakefulness and sleep periods
wastime-dependent on short periods asfollows: wakeful -
ness period ranging from 10am to 10pv, and sleep period
from 12pv to 6 Am 2422, Drop in blood pressure during sleep
was defined as the reduction in blood pressure level s du-
ring d eep ascompared with thelevelsinthe period of wake-
fulness?, Individualswith an adequatedropinblood pres-
sure during sleep had asimultaneous drop in systolic and
diastolic blood pressure level s<10%; individualswith an
inadeguatefall in blood pressure during sl eep had anoctur-
nal drop in systolic or diastolic blood pressure levels, or
both, <10% .

Quiality of deepwasevaluated through theanaysisof
aquestionnaire previously used in population investiga-
tions?*, Thedegree of tolerancefor the examination was
measured through alinear analogical visual scale graded
from0to 103, Thequestionnaireabout quality of sleep ap-
pliedright after withdrawal of themonitor provided compa:
rativeinformation between theusual sleep and sleeponthe
day of ambulatory blood pressure monitoring. Wecollected
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dataabout latency of sleep (period of time between thein-
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 dleep (period of
effectivedeep), and presenceand number of nocturnal awer
kenings. Inregard totolerance, ambulatory blood pressure
monitoring wasclassified asfollows: tolerable (>8.6), less
tolerable(from6.5t08.5), andintolerable (< 6.5) *. Datare-
ferring to quality of sleep were analyzed according to the
criteriaof the Epworth sleepiness scale®* and the Stanford
sleepiness scale ° by 2 neurologists specially trained in
deepdisturbances. They classified separately and without
knowing the ambulatory blood pressure monitoring para-
meters those individuals who had atype of sleep consi-
dered adequate or inadequate during ambulatory blood
pressuremonitoring. The casesuponwhichthey disagreed
were assessed by athird evaluator.

Nominal categorical variableswereexpressed by their
respectiveproportions. Theestimate of the degree of asso-
ciation was performed using the contingence table (chi-
sguare). Continuous variables were expressed by mean +
standard deviation. The normal distribution of datawas
evaluated using the K olmogorov-Smirnov test, prior tothe
application of the parametric (Student ¢ test) or nonpara-
metric (Wilcoxonrank-sumtest) test. Theminimumsignifi-
cancelevel adopted was5%.

Results

The sleep evaluators agreed on the questionnaire
analysesof 155 (92.7%) patients. The13remaining patients
wereanalyzed by athird evaluator. Onfinal consensus, 109
(64.9%) patientshad anormal dleep quality, and 59 (35.1%)
patientshad an abnormal sleep quality ontheday of ambu-
latory blood pressuremonitoring.

Tablel showsthemajor demographic characteristics
and blood pressurelevel sobtained with ambul atory blood
pressure monitoring according to sleep quality during the
examination. The sample showed no significant differences
inthedemographic data, inthemajor risk factorsfor corona:
ry artery disease, and in blood pressurelevels obtained on
ambulatory blood pressuremonitoringin 24 hours.

Figure 1 showsthe values calculated for the fall of
systolic(12.27+1.42versus10.54+1.37, P=0.10) and diastalic
(16.86+1.53versus15.44+1.59, P=0.91) blood pressurelevels
during sleepinthegroupswith normal and abnormal sleep,
respectively, and no significant difference could be seen
between them. Typical graphicrepresentationsof different
patterns of blood pressure drop during sleep are shownin
figures2and 3.

Thenumber of patientswithinadequate blood pressu-
redropduring deepwassmilarinthe2 study groups. Twen-
ty (18.3%) patientswithinadequate blood pressuredrop du-
ring sleep were found in the normal sleep group, and 14
(23.7%) patientswith inadequate blood pressuredrop du-
ringsleepwerefoundintheabnormal deepgroup (P=0.53).

Information obtained using the s eep quality question-
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Table I — Characteristics of the patients according to the analysis of quality of sleep
Normal sleep Abnormal sleep p
( n=109) ( n=59)

Sex (mae/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/n®) * 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
Asdleep 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.
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Fig. 1—Systolic and diastolic blood pressurefall during sleep. Nocturna systolicand
diastolic blood pressurefall in the groupswith different qualities of sleep. No differen-
ce between the groupswas observed: syst BP (systolic blood pressure), P=0.10; diast
BP (diastolic blood pressure), P=0.91.
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Fig. 2—Adequate blood pressurefall during sleep.
Systolic and diastolic blood pressure fall during sleep > 10% of awake blood
pressurelevels.

naireand theanal ogical visual scaleof tolerancefor ambu-
latory blood pressuremonitoringissummarizedintablell.
Weobservedthat thetotal timespentinbedwassimilar for
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Fig. 3—Inadequate blood pressure fall during sleep.
Systolic and diastolic blood pressure fall during sleep < 10% of awake blood
pressurelevels.

both groups, but the other parameterscollectedinthesleep
guestionnaire showed the degree of interference and dis-
comfort created onthenight of theexamination. Thedegree
of tolerancefor ambulatory bl ood pressuremonitoring had
apositiveassociationwith thequality of deep during exami-
nation (fig. 4), evidencing theimportance of adaptation to
examination during sleep in the global acceptance of this
diagnostic test.

Discussion

The population of the present study was homogeneous
ingender and age, reducing theinfluenceof thepoor quality of
deep, mainly inthefemalesex ® and el derly patients?. Inthe
elderly patients, the nocturnal parameters of ambulatory
blood pressuremonitoring should be cautioudy analyzed “;
anelevated prevalenceof insomniaexistsinthisagegroup=.

When performing ambulatory blood pressure mo-



Arq Bras Cardiol
2002; 78: 218-23.

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 deep during ABPM and usud deep of the
patients; ** according to the visua andogica scale and tolerance for ABPM.

70%

* [0 normal sleep (n=109)
60% M abnormalsleep (n= 59)
50% +— *
40% —
30% +—
20% 1— * p<0.001
10% 1—

0%
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Fig. 4—Degree of tolerancefor ABPM according to quality of sleep.

nitoring morethan once, some patientsget usedtothepro-
cedureand report alower intol erancetotheexamination. For
others, thefact of knowing thediscomfortsgenerated by a
prior examination may increase theintol erancethreshold
and sleep disturbances*. Aswe decided not to condition
patients to ambulatory blood pressure monitoring, we
excluded thosewho had undergone aprior examinationand
avoided repeating the examinationin the patientsincluded
inthestudy. Thisexclusion criterion may havelimited the
interpretati on of databecause of thelow reproducibility of
data of ambulatory blood pressure monitoring in the
analysisof blood pressuredrop during sleep. Accordingto
some authors, examinations repeated in different popu-
lations showed that 20% to 40% of the individual s con-
sidered nondippers on afirst examination may behave as
dippers on a2™ monitoring and vice-versa®*. However,
recent studies specifically directed to reproducibility of the
presentation of blood pressure drop during sleep showed
no statistical differencesafter 4 examinationsof ambulatory
blood pressure monitoring in the same patient, performed
on the same weekday at 30-day intervals*. The possible
factorsinvolvedinthereproducibility of ambulatory blood
pressuremonitoring could bethefollowing: different daily
activitiesondifferent daysof examination, areductioninac-
curacy dueto very high levelsof blood pressure, differen-
cesinthequality of deep, andlimitation of theexamination
in conditionsof ambulatory measurements®.
Noninclusion of patientswith diagnosed or suspected
secondary hypertension according to medical requisitions
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aimed to exclude patientswith previousalterationsin blood
pressure drop during sleep, which do not depend on the
quality of deep . Reportsthat these patientsmay not have
an adequate nocturna blood pressure drop exist ®. Theuse
of substancesthat interferewithnormal sleep architecture,
such asanxiolyticsor deepinductors, wasa so considered
intheexclusioncriteria

Programming the number of blood pressure measure-
mentschosenisin accordancewith thecriteriarecommen-
dedintheliteratureand consistsof thefollowing: at least 3
readings per hour during the day and 2 readings per hour
during the night 2%, A lower frequency of measurements
during s eep may reducethediscomfort generated by muilti-
ple sonorous, tactile, and compressive stimuli, caused by
cuff inflation *°. Pressure means were defined in 24-hour
periods, in periods of wakefulness and sleep®. Theterms
“day and night” were not used because they do not corres-
pondtothelevelsof physical activity and rest that arecha
racteristic of wakefulnessand sleep, respectively.

No consensus exists for the definition of blood pres-
sure during wakefulness and during sleep so far, and at
least 10 different methodshave been used to analyze ambu-
latory blood pressure monitoring #. The techniques used
may be time-independent or time-dependent (short and
long periods) . Theuseof predetermined short periodsal-
lowstheexclusion of thetransitional periodsinwhichblood
pressurerapidly variesfrom theanalysisof thewakefulness
profile. Argumentsagainst thistechniqueexist, suggesting
that not all informati on about blood pressurelevelsisavai-
lableintheanalysisof blood pressuredrop during short pe-
riods of time; however, in the 24-hour analysis, all values
collected areanalyzed.

Blood pressuredrop during sleepiscal culated 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 absol ute value of blood pressure and
the overestimation of the number of patientswith adequa-
te blood pressure drop 223, Inadequate blood pressure
drop during sleep was defined as systolic and diastolic
blood pressurefall lower than 10%, together or isolated.
Thisdefinition hasraised controversies. A morestrict de-
finition of inadequate blood pressure fall during sleep,
whichrequiresthat both blood pressurelevelshaveinade-
guate nocturnal falls, iscloser to the actual prevalenceof
the patients considered nondippers*. Inregardtolesions
intarget organs, theworse prognosisin hypertensivepa
tientswith inadequate blood pressuredrop during sleepis
associated with left ventricular hypertrophy 2, cerebro-
vascular damage#*®, and microal buminuria®’. These pa-
tientsarethe nondipperswho haveahigher probability of
complications associated with hypertension 2. Until the
present time, the prognostic significance of inadequate
blood pressure drop during sleep in normotensivein-
dividuals has not yet been defined.

Polysomnography isthe gold standard for assessing
dleep disturbances, but requires an adequate environment
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for itsperformance and hasan elevated operational cost .
Several studies have been directed at assessing quality of
deepinthegenera population using questionnaires, main-
ly theepidemiological kind, inwhichthenumber of partici-
pantsis high?"?, The epidemiology of acute or transitory
deep disturbancesisnot well known, because of methodo-
logical limitationsinthisresearch area, such asthe use of
small or nonrandomized samplesin severa studies. Appro-
ximately 30%to 35% of adultsreport difficultiesin deeping
at somepointintheir lives, and 10%to 15% report chronic
or severe sleep problems. Almost everybody has already
experienced an occasional night of little s eep either caused
by transitory stressor by recent eventswith greater stimuli
or annoyances .

Inthisstudy, wechoseto useaspecific questionnaire
about quality of sleep, which comprised subjective items
that were easily collected and necessary for the most ade-
guate classification. We used the classifying items of the
Stanford and Epworth sleepiness scales, which are most
frequently used for this purpose 2%, This methodol ogy
doesnot transformthe patient’ snight into an unusual situa-
tionandisperformedinthehousehold of any patient taking
part intheresearch and undergoing ambulatory blood pres-
sure monitoring. These questionnaires are simple, short,
and may provideavalid measurement of quality of Sleegpin
adults**“, The subjective analysisof sleep doesnot repla-
cethegold-standard examination, whichispolysomnogra-
phy %, but providesafair estimate of sleep quality at anac-
cessible cost and with no changein sleep environment du-
ring conventional ambulatory blood pressuremonitoring. A
high concordanceintheclassification of the patientsinre-
gard to sleep quality was found among the evaluators,
whichvalidates, inthisstudy, the applied questionnaireas
an instrument of data collection and classification. The
conflicting items between the usual sleep condition and
that on theday of ambulatory blood pressuremonitoring al-
lowed the distinction of patientswho might have chronic
deepdisturbancesfrom thosewith an acute disturbance of
deepfragmentation caused only on the day of examination.

Our dataon deeplatency, timespentin bed, total dura-
tion of sleep, and presence of napsarein accordancewith
thosefoundintheliterature’®4"“8, Reportsintheliterature
show that, during polysomnography and ambul atory blood
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pressure monitoring, anincreasein thefrequency °*+ and
duration of awakenings* occursbecause of thediscomfort
generated by excessive cuff inflations.

According to some researchers, the major disadvan-
tage of ambulatory blood pressure monitoringissleep dis-
turbance, which causes artifactsin the nocturnal parame-
ters, and, consequently, makesthe preci se classification of
blood pressure fall during sleep unfeasible 5, From the
practical point of view, these considerations raised some
doubtsand questions about the actua influence of adequa-
teand inadequate sleep on the presentation of blood pres-
surefall during sleep andthereliability of thisparameterin
patientswho do not sleep well or who do not tol erate ambu-
latory blood pressuremonitoring.

The participation of neurologistswho specialized in
sleep disturbancesin the el aboration of the questionnaire
and the analysis of data collected, when considering the
usual characteristics of sleep, isthe great strength of this
study. Thisisthefirst reportintheBrazilianliterature about
acombined analysisof sleep quality assessed on aspecific
guestionnaire, and itsinfluence on the pattern of blood
pressure drop during sleep obtained using ambulatory
blood pressuremonitoring.

A positive association was found between the
degreeof tolerancefor 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 pressuremonitoringisalsoreportedina
pioneeringway inthisstudy. Sleep disturbanceisbelieved
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 showsthat tolerancefor 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 doesnot occur. Thisinformation supports
asafer interpretation of datareferring to blood pressuredrop
during deep, independent of the quality of deep reported by
the patient, when the methodol ogy applied during ambula-
tory blood pressure monitoring isin accordance with the
guiddlines of the current consensus statement.
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