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Abstract
The definition of diurnal blood pressure changes varies widely, which can be confusing. Short-term blood pressure
variability during a 24-h period and the dipping status of diurnal blood pressure can be captured by ambulatory blood
pressure monitoring, and these metrics are reported to have prognostic significance for cardiovascular complications.
Morning blood pressure surge also indicates this risk, but its effect may be limited to populations with specific conditions.
Meanwhile, the combined use of conventional office blood pressure and out-of-office blood pressure allows us to identify
people with white-coat and masked hypertension. Current home devices can measure nocturnal blood pressure during sleep
more conveniently than ambulatory monitoring; however, we should pay attention to blood pressure measurement
conditions regardless of whether they are in a home, ambulatory, or office setting. The relatively poor reproducibility of
diurnal blood pressure changes, including the nocturnal fall of blood pressure, is another underestimated issue to be
addressed. Although information on diurnal blood pressure changes is expected to be used more effectively in the future, we
should also keep in mind that blood pressure levels have remained central to the primary and secondary prevention of blood
pressure-related cardiovascular diseases in clinical practice.

Introduction

Blood pressure changes consist of the frequency compo-
nents of various cycles, from beat-to-beat changes measured
by a continuous intraarterial approach to seasonal or yearly
blood pressure changes captured based on a continual blood
pressure measurement (Table 1). Of the several sorts of
blood pressure measurements in clinical practice that can
capture these variability components, ambulatory blood
pressure monitoring at intervals of 10–30 min within 24 h
typically allow us to evaluate diurnal blood pressure chan-
ges [1–3], whereas home blood pressure is a convenient and
reliable measurement to capture morning and evening blood
pressure levels for several days or more [4]. Recently,

nighttime blood pressure during sleep can also be evaluated
by self-intended home measurement under standardized
conditions [5–7]. The usefulness of conventional office
blood pressure should not be underestimated regarding the
identification of white-coat and masked hypertension [8, 9].
In this review, we provide an overview of the impact of
diurnal blood pressure changes on cardiovascular compli-
cations in relation to ambulatory, home, and conventional
blood pressure measurements.

Short-term blood pressure variability during
a 24-h period

The Ohasama research group investigated the prognostic
significance of reading-to-reading blood pressure variability
to cardiovascular mortality in a general population [1].
Based on daytime ambulatory blood pressure monitoring,
the greater the SD of systolic blood pressure, the higher the
risk of cardiovascular mortality with a significant linear
trend (P= 0.03) [1]. Such a trend was not observed for
nighttime ambulatory blood pressure (P= 0.40), whereas
residents with the highest quintile of blood pressure varia-
bility had a significantly high risk of cardiovascular death
compared with the lowest risk group (daytime: hazard ratio
[HR], 2.51; 95% confidence interval [CI], 1.10–5.70.;
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nighttime: HR, 2.21; 95% CI, 1.11–4.43) [1]. In the Inter-
national Database on Ambulatory blood pressure monitor-
ing in relation to Cardiovascular Outcomes (IDACO),
which consists of participants from Europe, Asia, and Latin
America, blood pressure variability represented by SD and
average real variability (ARV) in 24-h ambulatory mon-
itoring was also assessed [2]. The ARV averages the
absolute differences of consecutive measurements [10], and
therefore, we can account for the order in which blood
pressure measurements are obtained by using ARV. When
multivariable-adjusted Cox regression models were applied,
systolic blood pressure variability did not predict cardio-
vascular mortality when represented by the SD of 24-h
recordings (HR per 1-SD increment, 1.03; 95% CI,
0.93–1.03), SD of the daytime (HR, 1.05; 95% CI,
0.95–1.17), but it was predicted by ARV (HR, 1.17; 95%
CI, 1.07–1.28) [2]. Although the predictive power of ARV
for cardiovascular events was marginal (HR, 1.07; 95% CI,
1.00–1.14), ARV contributed only <1% to the prediction of
cardiovascular risk [2].

Among 508 patients aged ≥65 years old in the Second
Australian National Blood Pressure study, daytime and
weighted 24-h blood pressure variability were significantly
associated with total mortality regardless of systolic or
diastolic blood pressure (P ≤ 0.04), but nighttime blood
pressure variability was not (P ≥ 0.13) [11]. For cardiovas-
cular death, only weighted systolic blood pressure varia-
bility was a significant but marginal predictor (HR, 1.09;
95% CI, 1.00–1.19) [11]. A large dataset of hypertensive
patients, the Ambulatory Blood Pressure-International study
(ABP-International) [12], reported that the SD of nighttime
blood pressure was strongly associated with an increased

risk of cardiovascular events (HR per 10-mmHg increments
in SD, 1.48; 95% CI, 1.20–1.84), although the SD of day-
time blood pressure was not (HR, 1.05, 95% CI, 0.84–1.33).
When the SD of nighttime systolic/diastolic blood pressure
variability was treated dichotomously, the SD of vari-
abilities ≥12.2/≥7.9 mmHg was associated with a 41/48%
greater risk of cardiovascular events (95% CI, 18–68/
22–78%). As the ABP-International investigators concluded
[12], the addition of blood pressure variability to survival
models may improve the risk stratification of patients with
hypertension defined by standard clinical and laboratory
variables. However, this approach is not always applicable,
such as the SD of daytime blood pressure in IDACO [2] and
the ABP-International [12]. It is important to bear in mind
that the 24-h blood pressure level is the main driver for risk
assessment in clinical practice.

Daytime and nighttime blood pressure—
dipper and non-dipper

The highest blood pressures are commonly seen during
morning hours, whereas the lowest are seen during sleep;
however, some patients have elevated blood pressure
throughout the night [13, 14]. In 1988, O’Brien and col-
leagues reported for the first time that an abnormal circadian
blood pressure profile, which is the blood pressure differ-
ence between mean daytime and nighttime measurements,
was <10/<5 mmHg, and these individuals had a more fre-
quent history of stroke;[14] these individuals were named
non-dippers [14]. The current generally accepted definition
is that an individual with a nocturnal blood pressure drop of

Table 1 Blood pressure
measurement in regards to blood
pressure variability

Variability Intraarterial
measurementa

Ambulatory
monitoring

Self-measured
home

Office

Beat-to-beat Yes No No No

Mayer waveb Yes No No No

15- to 30-min changes Yes Yes No No

Within day Yes Yes Possible No

Morning–evening
difference

Yes Yes Yes No

Nocturnal dipping Yes Yes Yes No

Morning hypertension Yes Yes Yes No

Weekly cycle No No Yes No

Monthly change No No Yes Possible

Visit-to-visit variability No No Yes Yes

Seasonal variation No No Yes Yes

White-coat phenomena Yes Yes Yes No

This classification is based on the current usage in clinical practice in Japan
aIntraarterial blood pressure measurement is applied exclusively for inpatients and a long-term use in general
patients is not realistic
bAlso called as Traube–Hering–Mayer wave, which has a frequency of ≈0.1 Hz
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below 10% compared with daytime blood pressure is called
a non-dipper, whereas an individual with a nocturnal blood
pressure drop of >10% is called a dipper [15, 16]. Fur-
thermore, patients with a nocturnal blood pressure drop
≥20% are called extreme dippers, whereas those with a
higher nocturnal blood pressure than a daytime blood
pressure (night-to-day blood pressure ratio value of ≥1) are
called reverse dippers (also called inverted dippers or risers)
[15, 16]. Both systolic and diastolic blood pressure com-
ponents should be referenced to define the dipping pattern
[17]. The term “non-dipper” has therefore two meanings,
that is, it refers to people with a nocturnal blood pressure
drop of 0–10% and those with a drop ≤10%, including the
riser pattern, in its limited and broad definition, respectively.

The pathophysiological aspects of the dipping pattern of
diurnal blood pressure have been investigated. Briefly, Imai
and colleagues first reported that nocturnal blood pressures
did not fall nor rise in comparison with daytime blood
pressure levels in patients with Cushing’s syndrome [18],
and more widely, among patients receiving glucocorticoid
therapy [19]. This impairment persisted after remission
following surgery for hypercortisolism and was
partially ameliorated after 3 years of follow-up [20].
Circadian blood pressure variation is mediated by the
hypothalamo–pituitary–adrenal axis through its action on
the autonomic nervous system [19], which is also the case
in insular cortex atrophy [21]. Melatonin also influences
the dipping pattern of blood pressure [22, 23], which
might be mediated by rhythmic secretion from the pineal
gland. The clinical factors that are associated with non-
dippers or risers are aging [24–26], smoking habits [26],
diabetes mellitus [27], antihypertensive drug treatment [24],
low kidney function [28, 29], previous renal [30], or cardiac
[27] transplantation, and obstructive sleep apnea syndrome
[13, 31, 32].

Independent of blood pressure levels, the dipping pattern
has a prognostic ability for cardiovascular complications. In
the Ohasama study, a 5% or more drop in nocturnal blood
pressure compared with daytime blood pressure was asso-
ciated with an 18% (95% CI, 7–28%) greater risk of car-
diovascular mortality [33]. The updated Ohasama report
indicated that residents with a riser pattern in which daytime
and nighttime intervals were defined by diary cards had a
higher risk of cardiovascular mortality than those who were
dippers (people with a nocturnal blood pressure drop of
10–19%) over a median follow-up period of 18.3 years
(HR, 2.31; 95% CI, 1.47–3.62) [34]. The IDACO investi-
gators reported that participants with the riser pattern of
diurnal blood pressure were older, had a history of diabetes
mellitus and previous cardiovascular complications
more frequently than those without a riser pattern [24]. In
regard to prognostic significance, riser participants
had significantly higher risks of cardiovascular mortality

(HR, 1.45; 95% CI, 1.02–2.02) and composite cardiovas-
cular events (HR, 1.30; 95% CI, 1.04–1.62), but these risks
were not significant in non-dippers based on the limited
meaning (nocturnal blood pressure fall of 0–10%) nor in
extreme dippers [24]. When the night-to-day blood pressure
difference was represented as a ratio, the ratios were
inconsistent predictors of the combined fatal and nonfatal
cardiovascular outcomes in multivariable-adjusted models,
including 24-h blood pressure levels (HR per 1-SD systolic
blood pressure ratio increase, 1.05; 95% CI, 0.98–1.11, and
HR on diastolic pressure, 1.07; 95% CI, 1.00–1.13),
although the ratios were consistent predictors of total mor-
tality (P < 0.001) [24]. Part of this association might reflect
reverse causality; for instance, daytime physical inactivity
might result in a comparably weak nocturnal blood pressure
fall [35]. An insufficient duration of action of anti-
hypertensive drug agents may result in inadequate blood
pressure control, particularly during the night, which also
leads to less pronounced nocturnal blood pressure dipping.
To reach the same conclusion as that stated in the “short-
term blood pressure variability” section, an assessment of
blood pressure during the whole day should be standard in
clinical practice [35, 36].

Morning blood pressure surge

Although the incidence of cardiovascular disease increases
in the morning [37], the risk of morning blood pressure
surge based on 24-h ambulatory monitoring has been a
matter of discussion [3, 38, 39]. Based on magnetic reso-
nance imaging, Kario and colleagues assessed the impact on
morning surge for silent cerebral infarction among 529
elderly patients with hypertension (mean age, 72 years; 64%
women) and reported that patients in the top tenth of the
sleep-trough (morning systolic blood pressure minus the
lowest pressure during the night) morning surge distribution
had a higher baseline prevalence of multiple infarcts and
stroke incidence compared with the remaining 90% of
patients (57% vs 33% and 19% vs 7.3%, respectively; P ≤
0.004) [3]. A 10-mmHg increase in sleep-trough morning
surge increased stroke risk by 22% (P= 0.008), and the
corresponding increase in pre-awakening (morning minus
preawake blood pressure) morning blood pressure surge
resulted in a 14% stroke risk increment with marginal sig-
nificance (P= 0.07) [3]. Among 507 untreated patients with
hypertension in a Bordeaux cohort (mean age, 49 years;
36% women), the estimated risk increase of cardiovascular
complications per 1-mmHg increase in pre-awakening
morning blood pressure surge was 3.3% (95% CI,
0.8–5.8%) [40]. In the Ohasama study (n= 1430; mean age,
61 years; 64% women; 27% with antihypertensive drug
treatment) [38], the predictive power of pre-awakening
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morning surge in systolic blood pressure was marginal for
cerebral hemorrhage (HR per 1-SD increase [+13.8
mmHg], 1.34; 95% CI, 0.95–1.89), and not for ischemic
stroke (HR, 0.97; 95% CI, 0.79–1.19). In a categorical
analysis when the lowest risk group was set as a reference, a
significantly high risk of intracerebral hemorrhage was
observed in the top quintile of the pre-awakening morning
surge group with a wide CI ( ≥25 mmHg of the systolic
blood pressure change; HR, 3.97; 95% CI, 1.08–14.63) and
in the top quintile of the sleep-trough morning surge group
(≥40 mmHg; HR, 8.88; 95% CI, 1.14–69.2). Risk of total
stroke, including cerebral infarction, was not associated
with any sort of morning surge in this population [38]. In
the IDACO population (mean age, 53 years; 54% women),
the HRs expressing the risk of total mortality and cardio-
vascular events in the top tenth of the sleep-trough morning
surge distribution (≥37.0 mmHg) amounted to 1.32 (95%
CI, 1.09–1.59) and 1.30 (95% CI, 1.06–1.60), respectively,
compared with the overall risk in the whole study popula-
tion [41]. The corresponding HRs for risk of total mortality
and cardiovascular events in the top tenth of the pre-
awakening morning surge (≥28.0 mmHg) were 1.23 (95%
CI, 1.00–1.51) and 1.45 (1.17–1.80), respectively [41].
Among the 2051 participants of the Pressioni Arteriose
Monitorate E Loro Associazioni (PAMELA) study (mean
age, 51 years; 50% women; 19% with antihypertensive drug
treatment) [42], cardiovascular mortality showed no sig-
nificant relation to sleep-trough and pre-awakening morning
systolic blood pressure surge (HR, 0.93 and 0.87, respec-
tively; P ≥ 0.16), and no differences in the risks of total and
cardiovascular mortality were observed when the bottom
versus top deciles of the distributions of the sleep-trough
and pre-awakening morning systolic blood pressure were
compared (P ≥ 0.39).

The Progetto Ipertensione Umbria Monitoraggio
Ambulatoriale (PIUMA) study [39] offers a key to under-
standing the controversy regarding morning blood pressure
surge. In this Italian population with untreated hypertension

(mean age, 51 years; 46% women), neither patients with a
high sleep-trough (>36.0 mmHg; the highest quartile) nor
those with a high pre-awakening (>27.5 mmHg) systolic
blood pressure had increased risks of death and cardiovas-
cular events [39]. In contrast, both a blunted sleep-trough
(≤19.5 mmHg; the lowest quartile) and a blunted pre-
awakening (≤9.5 mmHg) blood pressure surge were sig-
nificantly associated with cardiovascular events (HRs, 1.66
and 1.71, respectively; P ≤ 0.013) [39]. This finding can be
partly explained by the relationship between dipping pattern
and morning surge in individuals; the reduction in systolic
blood pressure from day to night, representing the dipping
pattern, showed a statistically significant direct association
with the sleep-trough and pre-awakening systolic blood
pressure surge (Fig. 1; P < 0.0001). Although the relation-
ship differs from person to person, the risk of non-dipper or
riser and that of morning surge are mutually incompatible
according to Fig. 1. Because the aforementioned evidence
supports the essentially high risk among people with the
riser blood pressure pattern, it is no exaggeration to state
that morning blood pressure surge is not a dominant risk
factor in general; it can be a risk among those with exag-
gerated morning surge, that is, the top quintile [38] or decile
[41], for specific population characteristics [3] or in asses-
sing limited outcomes [38]. It may be worth pointing out, in
passing, that the risk of morning blood pressure surge
cannot be substituted with morning hypertension, particu-
larly hypertension in the morning based on self-measured
home blood pressure [4, 43, 44]. Although this topic is
irrelevant to the main subject of this review, we would like
to emphasize the essential risk of morning hypertension.

Use of conventional blood pressure in
diurnal blood pressure

Although increased attention is being paid to out-of-office
blood pressure readings [45] and despite that the reliability

Fig. 1 Direct association
between the reduction in systolic
blood pressure from day to
night, which denotes the dipping
pattern, with the sleep-trough
(left panel) and pre-awakening
(right panel) morning blood
pressure surge. The solid lines
denote the 95% confidence
ellipse. Reproduced from
Verdecchia et al. [39]
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of the prognostic significance of out-of-office blood pres-
sures has been steadily confirmed [4, 8, 46], clinical deci-
sion making is still mainly based on conventional office
blood pressure. Unlike treatments based on out-of-office
blood pressure, we have extensive evidence on the bene-
ficial effect of conventional blood pressure lowering treat-
ments for cardiovascular diseases [47]. Nevertheless, as
proposed by recent guidelines [15, 45], we should actively
use ambulatory and home blood pressures because the
exclusive use of conventional blood pressure would result
in failure to recognize white-coat hypertension, which
should be carefully monitored [8, 48–50], and more
importantly, it would result in failure to identify masked
hypertension, which should be considered to be associated
with a similar degree of risk as sustained hypertension [8,
49, 51, 52].

Vast evidence supports the view that masked hyperten-
sion carries a cardiovascular risk comparable to or at least
only slightly lower than sustained hypertension in which
both office and out-of-office blood pressures are high [9, 49,
51]. Even among individuals with an optimal or normal
office blood pressure, those with masked hypertension,
irrespective of an ambulatory-based [52] or home-based [8]
diagnosis, have a ≈2-fold increase in the risk of cardiovas-
cular complications. Recently, the Ohasama study group
classified their study participants as to whether they had
office, home, and/or 24-h ambulatory hypertension
(Table 2) [9]. When multivariable-adjusted models were
applied, home hypertension without 24-h ambulatory
hypertension and 24-h ambulatory hypertension without
home hypertension were significantly associated with a
higher risk of stroke than that found in the sustained nor-
motension group (Fig. 2; P ≤ 0.04). This finding expands on
the IDACO report by showing that masked hypertension
represents a constantly high risk during any part of the “out-
of-office” measurement period, that is, daytime, nighttime,
and 24-h periods and a combination of these time periods
(Fig. 3; HR between 1.76–2.03; P ≤ 0.0001) [49]. Anti-
hypertensive treatment aimed at normalizing conventional
office blood pressure while ignoring out-of-office blood
pressure may increase the percentage of patients with
masked uncontrolled hypertension [53, 54]. We need to
capture out-of-office blood pressure in individuals, specifi-
cally, both home and 24-h ambulatory blood pressure
measurements [9], to evaluate cardiovascular risk more
accurately.

In contrast to the constantly high risk of masked hyper-
tension, whether white-coat hypertension is a dominant risk
factor for cardiovascular diseases is still under debate [55–
58]. Because white-coat hypertension is a heterogeneous
condition [59], extracting the genuine effect of white-coat
hypertension from various confounding factors is manda-
tory for assessing risk. For instance, the prevalence of

white-coat hypertension exponentially increased across
increasing age groups, ranging from 2.2% for ages 18–30 to
19.5% for individuals aged ≥70 years, with little sex dif-
ferences [60]. The duration of the follow-up period also
affects risk estimation—the HRs associated with white-coat
hypertension in IDACO participants were 1.08 (P= 0.79),
1.20 (P= 0.29), and 1.30 (P= 0.043) for follow-up periods
censored at 6, 9, and 12 years, respectively [51]. Moreover,
part of the ambulatory measurement period affects the risk
of white-coat hypertension, which is different from masked
hypertension as aforementioned [49]; in IDACO, HRs
associated with white-coat hypertension progressively
weakened (Fig. 3) from daytime and nighttime only (1.38
and 1.43, respectively; P ≤ 0.033) to 24 h plus daytime and
nighttime (1.16; P= 0.41) [49]. This finding endorses the
importance of full 24-h recordings of ambulatory blood
pressure in the identification of white-coat hypertension. To
the best of our knowledge, there is no randomized con-
trolled trial comparing the outcome between patients with
white-coat hypertension and those with normotension, and
whether patients with white-coat hypertension would ben-
efit from antihypertensive treatment also remains unclear
[61]. Although current insights are mainly based on
observational studies, we again emphasize the importance
of capturing blood pressure information in various settings.
Individuals who are normotensive based on whole in-office
and out-of-office blood pressures are associated with the
lowest cardiovascular risk.

Table 2 Thresholds and blood pressure information used for cross-
classification

Blood pressure
cross-classification

Ambulatory
monitoring

Self-measured
home

Office

Sustained
normotension

<130/<80 <135/<85 <140/<90

White-coat hypertension

Complete <130/<80 <135/<85 ≥140/≥90

Partial by
ambulatory

<130/<80 ≥135/≥85 ≥140/≥90

Partial by home ≥130/≥80 <135/<85 ≥140/≥90

Masked hypertension

Complete ≥130/≥80 ≥135/≥85 <140/<90

Partial by
ambulatory

≥130/≥80 <135/<85 <140/<90

Partial by home <130/<80 ≥135/≥85 <140/<90

Sustained
hypertension

≥130/≥80 ≥135/≥85 ≥140/≥90

This mutually exclusive and collectively exhaustive cross-
classification of blood pressure was applied for the participants in
the Ohasama study by Satoh and colleagues [9]. Numbers are blood
pressure thresholds in mmHg. All blood pressure thresholds in a row
should be satisfied. When systolic or diastolic blood pressure was in a
different category (normotensive versus hypertensive), the participant
was classified as hypertensive
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Nocturnal blood pressure measurement by
home devices

Recent advances in technology have enabled the measure-
ment of nocturnal blood pressures with home devices [62].
Although nocturnal blood pressures during sleep cannot be
self-measured in a narrow sense, the measurement of noc-
turnal home blood pressure is based on the agreement of
participants themselves to undergo automatic blood pres-
sure measurements during sleep, regardless of them being
asleep or awake at the time of measurement, by home
devices that can self-measure blood pressure during the
daytime. Our research group initially reported the first data
based on a home blood pressure device. The device was
equipped with a timer that automatically measured blood
pressure at 0200 h and stored the reading on its memory
chip [5]. The average nocturnal systolic blood pressure of
patients increased in proportion to the degree of the three-
graded sleep disturbance, that is, from “no sleep disturbance
and no awareness of measurement”, “mild sleep disturbance
with an awareness of measurement”, to “serious sleep dis-
turbance” (from 116.1 ± 10.9 mmHg to 121.7 ± 15.5
mmHg; P < 0.001) [5]. Cumulative evidence has suggested
that nocturnal home blood pressure levels were associated
with indices of preclinical target organ damage (i.e., left
ventricular mass index [6, 63, 64] and common carotid
intima-media thickness [63, 64]), which is similar to asso-
ciations in nocturnal ambulatory monitoring. Although only
two studies [6, 63] were combined in this recent meta-

analysis, the study further reported that nocturnal home
blood pressure was superior to nocturnal ambulatory blood
pressure in its relationship to urinary albumin excretion (P
< 0.01 for comparison) [7]. As stated in a recent review,
cost-effective, adequate control of nocturnal blood pressure
during sleep is of marked clinical relevance [65]. Compared
with ambulatory blood pressure monitoring, which has been
limited by various practical and economic concerns [66],
the measurement of home nocturnal blood pressures could
be an advance for clinical practice. Nocturnal home blood
pressures might represent a new chapter in the search for
reliable and consistent blood pressure measurements and
recordings of diurnal blood pressure changes.

Perspectives

Sheng and colleagues reported that environmental factors,
such as the combination of daily temperature and season,
explain ≈8% and ≈3%, respectively, of the dipping status
and morning blood pressure surge, whereas genetic cues
explain only ≈1% of these diurnal changes in models [67].
As they concluded, environmental factors are substantially
strong drivers of diurnal blood pressure rhythmicity [67].
We emphasize the importance of capturing information on
measurement conditions, such as the use of a diary, a
thermo-logger or actigraphy, to record body position and
physical activity. It should be, furthermore, noted that the
reproducibility of diurnal blood pressure changes, including

Fig. 2 Adjusted hazard ratios among groups according to home
hypertension and 24-h ambulatory hypertension. Filled squares
express hazard ratios for stroke and are sized in proportion to the
number of events observed among hypertension groups. The covari-
ates were sex, age, body mass index, current smoking, alcohol con-
sumption, diabetes mellitus, total cholesterol, history of cardiovascular

disease, and the use of antihypertensive drugs. The thresholds for the
cross-classification of blood pressure are summarized in Table 2. The
+ mark indicates hypertension. *P < 0.05, †P < 0.0001 versus the
sustained normal blood pressure (SNBP) group. MHT masked
hypertension, SHT sustained hypertension, WCHT white-coat hyper-
tension. Reproduced from Satoh et al. [9]
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the nocturnal fall of blood pressure, is comparably poor
[68–72], and this inconvenient truth is also applicable to
home blood pressure measurements [5, 73]. For instance,
we reported that the correlation of nocturnal home blood
pressures between two sessions with an average interval of
5.9 days was modest (r= 0.67/0.55 in systolic/diastolic
blood pressure), and the SD of the difference was large
(≥13.6/≥9.3 mmHg), even after taking into account the
degree of sleep disturbance [73]. Although self-
measurement of home blood pressure is highly repro-
ducible [62], further improvements are needed to perform
automatic blood pressure measurements during sleep by
home devices.

Although wide variations in the definition of diurnal
blood pressure changes may be confusing, we can conclude
that blood pressure levels remain central to the primary and
secondary prevention of blood pressure-related cardiovas-
cular diseases. Regardless of time periods and blood pres-
sure measurement information, such as daytime or
nighttime periods and ambulatory, home, or conventional
office measurements, respectively, controlling blood pres-
sure levels within a normal range is a top-priority issue in
clinical practice. Chronotherapy of blood pressure [74],
which can be used to adjust the administration of anti-
hypertensive drugs according to diurnal blood pressure
changes, may be an effective approach once blood pressure
control is adequately achieved [75, 76]. However, as the
Monitorización Ambulatoria para Predicción de Eventos
Cardiovasculares (MAPEC) study failed to demonstrate the
significance of the therapeutic effect of controlling SD in
24-h (48-h) ambulatory recordings [77] and morning blood
pressure surges [65, 77], there is little evidence supporting

the efficacy of chronotherapy for blood pressure in terms of
cardiovascular outcomes [24]. We call for additional large,
international population studies and randomized clinical
trials with hard endpoints to define the potential application
of diurnal blood pressure changes.
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defined by various intervals of ambulatory monitoring. In this analysis,
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reference in which the conventional blood pressure was normal and the
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pared with normotension and were adjusted for sex, age, body mass
index, smoking, drinking, total cholesterol, diabetes mellitus, history
of cardiovascular disease, and cohort. Horizontal bars denote the 95%
confidence interval of the hazard ratios. Reproduced from Asayama
et al. [49]
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