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Reverse or inverted dipping (ie, the phenomenon characterized by higher nighttime
compared with daytime blood pressure values) is an alteration of circadian blood pres-
sure rhythm frequently documented in hypertension, type 2 diabetes mellitus, chronic
kidney disease, and sleep apnea syndrome, and generally regarded as a harmful condi-
tion. Available literature on the clinical and prognostic implications of reverse dipping

is scanty. The present article will review a number of relevant issues concerning re-

Italy verse dipping, in particular: (1) its possible mechanisms; (2) prevalence and clinical cor-
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1 | INTRODUCTION

During the past 4 decades, combined office and out-of-office blood
pressure (BP) measurements (self-measured home BP or 24-hour am-
bulatory BP monitoring) have been recognized to provide a more ac-
curate assessment of BP status and are increasingly applied in clinical
and research settings.1

Overall, combined office and home or 24-hour ambulatory BP
measurements define four different BP phenotypes: (1) sustained
normotension (ie, normal office and out-of-office BP); (2) sustained
hypertension (elevated in-office and out-of-office BP); (3) white-coat
hypertension, alternatively termed isolated clinic hypertension (ele-
vated office and normal out-of-office BP); and (4) masked hyperten-
sion (normal office and elevated out-of-office BP). These BP patterns
have been reported to substantially differ in terms of prevalence, de-
mographic and clinical characteristics, and burden of subclinical organ
damage as well as risk of cardiovascular morbidity and mortality.?*

Furthermore, by providing a much larger number of BP readings
during 24 hours compared with office and home BP measurements,

ambulatory BP monitoring offers the opportunity to evaluate day-night

relates, (3) concomitant cardiac and extracardiac subclinical organ damage; (4)
association with acute and chronic cardiovascular diseases; (5) prognostic value in pre-
dicting cardiovascular events and mortality; and (6) therapeutic interventions aimed at

reverting this abnormal circadian blood pressure rhythm.

BP variability. A circadian rhythm of BP has been documented in the
majority of normotensive and hypertensive individuals, with nighttime
BP values being 10% to 20% lower than daytime values due to the re-
duction in sympathetic tone and the parallel increase in vagal activity
during the sleep period. Historically, a nocturnal BP drop lower than
10% has been largely accepted to define patients with abnormal circa-
dian rhythm (nondippers).>¢

A growing amount of evidence indicates that nondippers have
more marked cardiac and extracardiac organ damage compared with
patients with preserved nocturnal BP fall and, more importantly, an
increased likelihood of cardiovascular events.””1° Reverse or inverted
dipping (ie, the condition characterized by unchanged or even in-
creased nighttime BP compared with daytime values) represents an
extreme, not rare, alteration in circadian BP rhythm, usually regarded
as a particularly harmful BP phenotype. Unfortunately, available liter-
ature on clinical and prognostic implications of reverse dipping (RD) is
limited and a comprehensive report of key features of this BP pattern
is lacking. Thus, the present article will review a number of issues con-
cerning the paradoxical increase in nighttime BP with particular atten-

tion to: (1) possible mechanisms of altered circadian BP rhythm; (2)
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prevalence and clinical correlates; (3) the association with subclinical
organ damage; (4) the association with overt cardiovascular disease;

(5) prognostic significance; and (6) therapeutic interventions.

2 | SEARCH METHOD

A systematic computerized literature search was performed using
PubMed, Ovid, Embase, and Cochrane Library databases from January
1, 1978, to January 31, 2017. Studies were identified by crossing

the following search terms: “ambulatory blood pressure,” “nocturnal

» o« n o« »u

blood pressure,” “reverse dipping,” “inverted dipping,” “riser pattern,”

“altered circadian BP rhythm,” “hypertension,” “target organ damage,”

» o«

“cardiac disease,” “cerebrovascular disease,” and “mortality.” Checks
of the reference lists of selected papers and pertinent reviews com-
plemented the electronic search. Data were extracted by two inde-

pendent investigators (CC and CS).

2.1 | Pathogenetic mechanisms

A blunted or absent BP reduction during the nighttime period is a mul-
tifactorial condition that is more frequently documented in patients
with secondary hypertension, severe or refractory essential hyper-
tension, preeclampsia, chronic renal disease, type 1 and 2 diabetes
mellitus, sleep-apnea syndrome, and autonomic dysfunction. General
agreement exists on the direct relationship between the magnitude
of nocturnal BP fall and the decrease in sympathetic activity, driving
a reduction in cardiac output, peripheral resistance, and heart rate.
Clinical studies have documented diurnal variations of circulating
levels of norepinephrine and epinephrine that reaches a nadir during
nighttime sleep.?

Our group investigated the association between nocturnal BP pat-
terns and sympathetic drive, as assessed by direct microneurographic
measurement of sympathetic activity at the peroneal muscle in pa-
tients with essential hypertension. A stepwise increase in muscle sym-
pathetic nerve traffic occurred from normotensive controls to extreme
dipper, dipper, nondipper, and RD hypertensives. Notably, day-night
BP difference in the whole study population was inversely related to
sympathetic nerve traffic (r=—.76, P<.0001), suggesting that sympa-
thetic activation in human hypertension may potently affect circadian
BP variations.*? Also, in patients with obstructive sleep apnea, a con-
dition frequently associated with nocturnal hypertension, increased
sympathetic tone responsible for BP elevations during apneic episodes
has been documented in microneurographic studies.*®

Impaired renal capacity to excrete sodium has been shown to be a
factor leading to a blunted nocturnal BP fall.'* This condition has been
associated with reduced daytime sodium excretion, and the nocturnal
BP increase via the pressure-natriuresis mechanism is a likely compen-
satory mechanism to increase sodium excretion and preserve sodium
balance. The role of sodium in regulating circadian BP rhythm is also
supported by intervention studies showing that a dipping pattern is re-
stored after salt restriction or administration of diuretics.'® Since pre-
served glomerular filtration function is a major determinant of sodium

balance, deterioration in renal function is generally paralleled by a re-
duction of the physiologic fall in nighttime BP. Cystatin C is a more
sensitive marker of glomerular filtration rate than serum creatinine, as
its circulating levels are less affected by confounders such as age, sex,
and muscle mass. Among patients with essential hypertension, this
compound has been found to be significantly higher in patients with
RD than in patients with dipping pattern.’

2.2 | Prevalence and clinical aspects

Data on the prevalence of RD profile have been reported in
population-based samples as well as in several clinical settings includ-
ing those with hypertension, chronic kidney disease (CKD), diabetes
mellitus, and sleep apnea syndrome (Figure 1).

In a pioneering study published 2 decades ago that aimed to in-
vestigate the relationship between nocturnal BP decline and mortal-
ity in 1542 adult residents of a rural Japanese community during a
mean follow-up period of 5.1 years, Ohkubo and colleagues10 pro-
vided the first data on the prevalence of RD in a general population
sample. Participants were classified into four groups according to
percent fall in nocturnal BP: (1) extreme dippers (BP fall >20%; (2)
dippers: BP fall >10% and <20%; (3) nondippers: BP fall >0% and
<10%; and (4) inverted (reverse) dippers: nocturnal BP rise. Forty
six of 1542 participants (3%) fulfilled the criteria of RD pattern. The
majority of participants were dippers (67%), followed by extreme
dippers (15%) and nondippers (13%). Compared with other groups,
participants with RD were older, more frequently male, and current
or previous smokers, and had a higher prevalence of history of car-
diovascular disease.

Among participants in the Pressioni Arteriose Monitorate E Loro
Associazioni (PAMELA) trial, an Italian epidemiologic study designed
to determine normal values and prognostic significance of ambulatory
and home BP in the population, the prevalence of RD was similar to
that reported by Ohkubo and colleagues.18 Indeed, 71 of 2008 pa-
tients (3.5%) had a nighttime to daytime systolic BP ratio >1. A Belgian
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FIGURE 1 Prevalence rates of reverse dipping pattern in

nine studies conducted in different clinical settings including
general population samples®8 and patients with untreated?® and
treated>'? essential hypertension, diabetes mellitus,?! sleep apnea
syndrome,?* and chronic kidney disease.??23
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Ambulatory Blood Pressure Monitoring database including 3648 pa-
tients with hypertension from four European studies documented
that patients with RD represented approximately 11% of the pooled
population.'?

A recent single-center study performed in 708 untreated essential
hypertensive patients (26% with type 2 diabetes mellitus) reported
that average nocturnal systolic BP levels were higher than daytime
values in about one fourth of patients (24%).2° Older age, type 2 di-
abetes mellitus, elevated low-density lipoprotein cholesterol, and
triglyceride concentrations were found to be associated with RD pat-
tern. A remarkable prevalence of RD (36%) was reported by Afsar and
colleagues15 among 210 treated patients with essential hypertension.
Of note, more than a half of reverse dippers were classified as having
isolated nocturnal hypertension, as their office and daytime BP values
were within normal range.

In a sample of 300 asymptomatic normotensive and hyperten-
sive (57%) patients with type 2 diabetes mellitus (mean age 68 years,
48% men) seen in a multicenter study conducted in Japan,?' RD
prevalence was approximately 9%. In the African American Study
of Kidney Disease and Hypertension (AASK) trial including 617
hypertensive participants aged 18 to 70 years, with a glomerular
filtration rate between 20 and 65 mL/min per 1.73 m?, a blunted
nocturnal BP fall was documented in the majority of patients, as up
to 495 participants (80%) were nondippers (41%) or reverse dippers
(39%).22 Participants in the RD category were older, more likely to
be men and have a longer duration of hypertension, and taking a
larger number of antihypertensive medications than dippers and
nondippers.

The Chronic Kidney Disease Japan Cohort (CKDJC), an observa-
tional study aimed at investigating clinical correlates of ambulatory
BP monitoring among patients with CKD showed that 167 (15.5%) of
1075 patients had a nocturnal BP rise.?® The prevalence of risers was
higher among patients with CKD stage 4 and 5 compared with those
with stage 3, among diabetic than nondiabetic patients, and among
patients with nocturia. The association between day-night BP behav-
ior and white matter changes and its interaction with obstructive sleep
apnea among 703 normotensive adults (mean age 59 years) has been
investigated by Lee and coworkers.?* In this relatively older popula-
tion, 13% were reverse dippers and exhibited a greater prevalence of
moderate to severe obstructive sleep apnea than other groups (13.5%
vs 9.0% in nondippers and 7.5% in dippers).

Racial differences in the magnitude of nocturnal BP fall and dis-
tribution of dipping/nondipping status have been reported by various
authors. In particular, smaller reductions in mean BP at night have been
found in black patients compared with other ethnic groups. Emerging
evidence supports the view that day-night BP variations are related to
seasonal changes. Recently, Wong and colleagues25 reported a pro-
gressive decrease in prevalence of reverse dippers from summer to
winter. This trend was accompanied by an increased number of dip-
pers independent of ethnicity.

Finally, whether and to what extent the RD pattern represents a
stable clinical trait over time remains undetermined and needs further

investigation.
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2.3 | Association with subclinical organ damage

Asymptomatic target organ damage is regarded as an intermediate
step in the continuum of cardiovascular disease and a powerful pre-
dictor of cardiovascular morbidity and mortality and all-cause mortal-
ity. A consistent body of evidence supports the view that quantitative
markers of organ damage (ie, increased QRS voltage/duration, left
ventricular mass index, carotid intima-media thickening, pulse wave
velocity, urinary albumin excretion, and reduced glomerular filtration
rate) are associated with a higher incidence of cardiovascular events
independently from traditional risk factors in the general population
and in different clinical settings.

Left ventricular hypertrophy (LVH) detected by electrocardiog-
raphy or by the more accurate echocardiographic examination is re-
garded as a cardinal marker of hypertensive heart disease. Patients
with LVH have been reported to have a two- to eight-fold higher risk
of cardiovascular events than those without LVH, with the magnitude
of risk depending on demographic and clinical characteristics of the
samples. Furthermore, LVH regression (at variance from other markers
of organ damage) has been largely documented to be associated to a
clear-cut reduction of cardiovascular risk.

The association between LVH and RD pattern has been assessed in
a limited number of studies. In electrocardiographic studies performed
in older hypertensive patients, recently diagnosed patients with essen-
tial hypertension, and CKD and heart failure patients, prevalence rates
of LVH (defined by Sokolow-Lyon or Romhilt-Estes criteria and Cornell
voltage product) have been reported to be not significantly higher in
reverse dippers than in dippers, nondippers, or extreme dippers.%'27

Findings from echocardiographic studies have offered more con-
sistent evidence on the increased risk of LVH associated with the RD
pattern. In a study including 375 untreated and treated middle-aged
hypertensive patients, lvanovic and colleagues?® were able to demon-
strate that LVH rates increased progressively from extreme dippers
(5%) to dippers (9%), nondippers (17%), and reverse dippers (31%,
P<.01 vs all groups). A multicenter Japanese study performed in 334
hospitalized patients with chronic heart failure documented that left
ventricular mass indexed to body surface area was significantly higher
in nondippers (163+48 g/m?) and reverse dippers (164+51 g/m?) than
in dippers (150+51 g/m?).2° Similarly, Wang and coworkers®® exam-
ined a cohort of 540 patients with CKD and reported that left ven-
tricular mass indexed to height2'7 was significantly greater in reverse
dipper (58+19 g/h.27) than in nondipper (52424 g/h%’) and dipper
(45+16 g/h?7) participants.

In contrast to the above-mentioned echocardiographic studies, the
AASK investigators were able to find only marginal differences in LVH
prevalence among various ambulatory day/night BP phenotypes22
(Table 1).

In the Coronary Artery Risk Development in Young Adults
(CARDIA) study, young adults with less pronounced or absent noctur-
nal BP fall at the initial evaluation had the greatest risk of developing
coronary calcification at 10 to 15 years of follow-up.3!

Both in the general population and in diabetic patients, increased

urinary protein excretion constitutes a powerful predictor of future
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TABLE 1 Summary of echocardiographic data on LVH and/or LVMI in extreme dipper, dipper, nondipper, and reverse dipper patients

provided by four echocardiographic studies

Extreme dippers Dippers Nondippers Reverse dippers
Author (reference) LVH, % LVMI, g/h?7 LVH, % LVMI, g/h?7 LVH, % LVMI, g/h?7 LVH, % LVMI, g/h%7
Pogue?? NA NA 62 NA 69 NA 72 NA
Ivanovic®® 5 4618 9 47+9 17 51+10 31* 54+10*
Komori?? NA NA NA 150+51 g/m? NA 163451 g/m? NA 164+48 g/m>**
Wang*° NA NA NA 4516 NA 52+24 NA 58+19***

Abbreviations: LVH, left ventricular hypertrophy; LVMI, left ventricular mass index; NA, not available.

*P<.05 Reverse dippers vs nondippers, dippers, and extreme dippers.
**P=.05 Reverse dippers vs dippers.
***P<.05 Reverse dippers vs nondippers and dippers.

cardiovascular/renal events and death. The majority of findings tar-
geting the association between proteinuria and microalbuminuria with
day-night BP variations have been obtained in the setting of CKD;
only a few studies have specifically addressed this topic in essential
hypertension.

In the AASK trial, nondippers and participants with RD exhib-
ited a higher prevalence of proteinuria (35% and 30%, respectively)

compared with dippers (20%).??

Similar results were reported in the
Assessment of Blood Pressure Control and Target Organ Damage in
Patients With Chronic Kidney Disease and Hypertension (APRODITE)
study, a nationwide multicenter trial conducted in 1317 Korean pa-
tients.?” Reverse dippers exhibited the highest values of protein-
(1165+1446 mg/g) compared with nondippers
(1098+1382 mg/g), dippers (774+1001 mg/g), and extreme dippers
(662+948 mg/g).

The strong relationship between RD and nondipping status with

creatinine ratio

increased urinary protein excretion has been recently confirmed by
Wang and colleagues® in 588 Chinese patients (67% with chronic
glomerulonephritis). Proteinuria in reverse dippers was 66% higher
than in dippers and approximately four-fold greater than in extreme
dippers. Other studies, however, failed to find significant differences
in proteinuria, expressed as continuous or binary variables in reverse
dipper CKD patients compared with nondipper and dipper patients.

A couple of European studies performed in uncomplicated essen-
tial hypertensive patients documented a stepwise increase in micro-
albuminuria from extreme dippers, dippers, nondippers, and reverse
dippers. The largest of these studies included 2800 untreated hyper-
tensive patients and demonstrated that reverse dippers (10.2%) had
the highest microalbuminuria values compared with other groups,
with the intergroup differences being significant after adjusting for
confounders.®

Subclinical vascular alterations are detectable by a variety of di-
agnostic tools such as carotid ultrasonography, fundoscopy, carotid-
femoral pulse wave velocity, and brain magnetic resonance imaging.
Univocal information is not available on carotid intima-media thickness
in reverse dippers, likely because of the different clinical and demo-
graphic characteristics of patients included in the studies. Garcia-Ortiz
and coIIeagues26 documented that in patients with RD and nondip-
per hypertensive patients, common carotid intima-media thickness

was significantly higher (795£126 um and 760+124 um, respectively)
than dippers and extreme dippers (741+108 pm and 719+96 um, re-
spectively). In a study including 524 hypertensive patients, RD pattern
was the strongest independent variable in predicting the presence of
mild carotid plagues.>* In contrast to previous findings, Wang and col-
leagues° did not find an association between circadian BP patterns
and carotid atherosclerosis, assessed either as intima-media thickness
or plaque prevalence.

Pulse wave velocity, a parameter of arterial stiffness of recog-
nized prognostic value, was found by Jerrard-Dunne and coworkers®®
to be significantly increased in 28 untreated middle-aged hyperten-
sive patients with RD compared with 107 nondippers, 173 dippers,
and 45 extreme dippers after adjustment for several confounders.
In a magnetic resonance imaging study including 703 normotensive
adults, Lee and colleagues®* demonstrated a significant association
between RD and cerebral white matter changes; the association per-
sisted after adjusting for age, sex, total cholesterol, body mass index,

diabetes mellitus, smoking, and alcohol consumption.

2.4 | Association with cardiovascular disease

A further line of research has investigated the link between RD and
overt cardiovascular disease in a variety of clinical settings such as
cognitive impairment/vascular dementia, stroke, coronary heart dis-
ease, and heart failure. In a study designed to delineate the relation-
ships between circadian BP variations, lacunar infarcts, white matter
lesions, and vascular dementia in 200 patients after first symptomatic
transient ischemic attack or stroke, a strong independent association
of cognitive impairment and vascular dementia was documented with
advanced periventricular hyperintensities (hazard ratio [HR], 14.42;
95% confidence interval [Cl], 5.62-36.98), followed by RD pattern
(HR, 11.95; 95% Cl, 1.27-112.11).%¢ In a cohort of 362 hypertensive
patients studied by Yan and colleagues,37 RD pattern was found to be
the most important predictor of lacunar infarction. Among 98 con-
secutive patients hospitalized within 24 hours after ischemic stroke
onset, Castilla-Guerra and associates®® found that nocturnal systolic
BP decline was abolished in approximately 89% of the sample (49%
nondippers and 39% reverse dippers) and the prevalence of RD
pattern was significantly higher in patients with nonlacunar than in
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lacunar stroke. Known and colleagues®® consecutively recruited 162
hypertensive patients within 1 week after cerebral infarction to ex-
plore the relationship between nocturnal dipping and cerebral micro-
bleeds, as assessed by magnetic resonance imaging. After adjusting
for confounding factors, reverse dippers showed a greater likelihood
of cerebral microbleeds (HR, 3.81; 95% Cl, 1.36-10.65 [P=.01]) than
dippers and nondippers. Data on circadian BP patterns and autonomic
function among patients with transient ischemic attack or minor stroke
recently published by Zhang and coIIeagues40 revealed that abnormal
BP patterns were similarly distributed among patients and controls (ie,
RD 17% and 19%, respectively) and no differences were present in a
reliable marker of autonomic function such as heart rate variability.
In a retrospective case-control study including 189 hypertensive pa-
tients with spontaneous intracerebral hemorrhage and 182 hyperten-
sive controls, Sun and colleagues41 documented that RD pattern was
much more prevalent in cases (51%) than in controls (4%). The asso-
ciation between RD and coronary artery disease has been evaluated in
a hypertensive cohort of 267 patients with and 461 patients without
stable coronary artery disease.*> The authors reported that this ab-
normal BP phenotype was 1.6-fold more prevalent in the former than
in the latter group. In multivariate logistic regression analysis, RD (HR,
1.77; P=.03), age (HR, 1.06; P<.001), and total cholesterol (HR, 1.22;
P=.035) were significantly related to coronary heart disease.

Among 508 hospitalized patients with chronic heart failure (46%
with preserved ejection fraction), a paradoxical increase in BP during
sleep was significantly more common in patients with preserved
left ventricular ejection fraction (29%) compared with those with
reduced systolic function (20%).*® RD pattern was shown to be an
independent correlate of heart failure with preserved systolic func-
tion (HR, 1.73; 95% Cl, 1.02-2.91 [P=.04]) after adjusting for several
covariates.

WILEY-

2.5 | Prognostic significance

The value of RD pattern in predicting cardiovascular events and all-
cause mortality has been addressed in population-based samples and
in patients with hypertension, type 2 diabetes mellitus, CKD, stroke,
and heart failure (Table 2). The first report in this research area was
published by Ohkubo and coIIeagues10 20 years ago and examined
1542 residents in the Ohasama district, Japan. The relationship be-
tween the decline in nocturnal BP and mortality was investigated by
taking into account several potential confounders such as age, sex,
smoking status, history of cardiovascular disease, 24-hour systolic BP,
and use of antihypertensive medication. The risk of total mortality in
patients with RD was approximately two-fold higher than in dippers
(P=.02). Of note, the increased mortality risk documented in patients
with RD was mainly attributable to cardiovascular causes. In a survey
performed in a Belgium primary care practice including 374 elderly
patients without major cardiovascular events or other comorbidities
at baseline, RD had a prognostic significance in univariable analyses
but lost its predictive value after adjustment for confounders, includ-
ing 24-hour BP.** A pilot study involving 97 hypertensive diabetic
patients at high risk of cardiovascular events revealed that RD sta-
tus was independently related to higher rates of composite outcome
(encompassing myocardial infarction, stroke, or cardiovascular death),
compared with other patients with dipping or nondipping profile dur-
ing a follow-up period of 2.6 years.*” In the setting of CKD, two stud-
ies consisting of 1024 individuals evaluated the risk of end-stage renal
disease and nonfatal/fatal cardiovascular events associated with RD.
Both reports consistently documented that patients with RD had an
increased risk of renal death and cardiovascular events compared with
patients with preserved circadian BP rhythm, independently of 24-

hour systolic BP levels.324¢

TABLE 2 Summary of studies reporting data on prognostic significance of reverse dipping pattern

Author (reference) Sample size, No. Setting
Okhubo° 1542 General population
Fagard** 374 Primary care
Bouhanick® 97 Type 2 diabetes
mellitus
Minutolo®® 436 Chronic kidney
disease
Shin®’ 118 Heart failure
Komori*® 516 Heart failure
Park®’ 426 Cerebral infarction
Kario™° 575 Hypertension
Eguchi®® 1268 Hypertension
Bastos>? 1200 Hypertension
Fagard®’ 3468 Hypertension
Kim>® 401 Hypertension

Reverse Duration
dipping, % follow-up, y Outcome
3 51 Mortality
13 11.0 Cardiovascular mortality
15 5.5 Nonfatal and fatal cardiovascular
events
14 4.2 Nonfatal and fatal cardiovascular
events
29 4.1 Hospitalization, mortality
22 1.7 Cardiovascular events mortality
32 7.6 Mortality
5.8 Stroke, cardiovascular mortality
4.1 Nonfatal and fatal cardiovascular
events
7 8.2 Nonfatal and fatal cardiovascular
events
12 6.6 All-cause mortality, cardiovascu-
lar mortality
26 10.0 Cardiovascular mortality
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Eguchi®! “ 0.08 0.06 0.11 O
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Bastos™® ) 0.21 0.17 0.25 I
Kim* 0.06 0.03 0.11 '}
Total 0.106 0.07 0.16 —
Kario* Reverse dippers 0.22 0.13 0.34 —1—
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Shin and coIIeagues47 tested the role of altered diurnal BP pattern
in predicting adverse outcomes such as hospitalization attributable
to heart failure exacerbation or death in 118 men with symptomatic
left ventricular systolic dysfunction. The authors showed that ad-
verse outcome rates were lowest in dippers and highest in reverse
dippers (P=.05). Predictors of adverse outcomes were New York Heart
Association functional class (HR, 1.96; 95% ClI, 1.11-3.44), anemia
(HR, 2.50; 95% Cl, 1.23-5.08), and RD status (HR, 1.65; 95% ClI,
1.08-2.50). Similar results were recently reported by Komori and col-
Ieagues48 in 516 hospitalized patients with heart failure and preserved
ejection fraction. The RD subgroup had a significantly higher incidence
of the composite outcome (all-cause mortality and cardiovascular
events) than the other subgroups.

In a prospective study performed in 426 patients with cerebral
infarction followed-up for an average period of 7.6 years to detect re-
current cerebral events or all-cause mortality, RD pattern diagnosed
within 2 weeks after hospitalization was associated with an increased
rate of mortality.*’ Age (HR, 1.11; 95% Cl, 1.09-1.13 [P<.001]), ele-
vated nighttime heart rate (HR, 1.02; 95% Cl, 1.01-1.04 [P=.004]), and
RD (HR, 1.68; 95% Cl, 1.15-2.43 [P=.007]) were independently cor-
related with all-cause mortality. Type 2 diabetes mellitus and elevated
daytime systolic BP predicted cerebral infarction recurrence.

Findings on RD prognostic value are mainly derived from studies
conducted in hypertensive patients in Europe and Asia.

To provide comprehensive evidence on this issue we performed
a meta-analysis (Comprehensive Meta-Analysis, version 2; Biostat,
Englewood, NJ, USA; for methodological details see references 2 and 9)
of five publications providing data on incident nonfatal and fatal cardio-

vascular events among patients categorized as dipper/extreme dipper,

nondipper, and reverse dipper.w'so’53 Of note, the largest of these
studies® reported pooled data from four previously published papers.

Overall, 6918 untreated and treated hypertensive patients (518
extreme dippers, 2900 dippers, 2722 nondippers, and 696 reverse
dippers) of both sexes (mean age 62+4 years; 95% Cl, 54-69 years)
were included in the reports (sample size range, 401-3468 partici-
pants). A total of 890 cardiovascular events (12.9%) were recorded
among follow-up periods ranging from 41 to 120 months. Figure 2
shows event rates recorded in dipper, nondipper, and reverse dipper
hypertensive patients in the five studies.

A progressive increase in cardiovascular events occurred from
dipper (10.2%) to nondipper (12.7%) and reverse dipper participants
(24.1%). The incidence of cardiovascular events in extreme dippers
(15.6%) was provided in only three of five studies.

In the pooled population, the risk of nonfatal and fatal cardio-
vascular events in patients with RD was 2.5-fold greater than in
dippers (95% Cl, 2.11-2.96, P<.01; Figure 3) and persisted to be 2.1-
fold higher compared with nondippers (95% Cl, 1.77-2.45, P<.001;
Figure 4).

The risk associated with RD pattern remained significantly in-
creased when compared with extreme dippers (data not shown).
Finally, a funnel plot excluded the presence of publication bias, and
sensitivity analysis showed that the final result was not substantially

affected by a single study effect.

2.6 | Therapeutic interventions

Although reversal of altered circadian BP profiles is considered a ther-

apeutic target for improving cardiovascular prognosis in hypertensive
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. . 'V 1]
reverse dippers (n=696) vs dippers at higher risk at higher ‘:gk
(n=2900)
) Risk Lower Upper Risk ratio of CV events Relative
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Kario+¢ 2.94 1.48 5.82 — 5.7
Eguchi®! 2.47 1.49 4.08 10.4
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Bastos*® 2.04 1.52  2.74 30.1
Kim¥ 2.21 1.07 4.54 5.1
Total 2.08 1.77 2.45
FIGURE 4 Relative risk of
cardiovascular (CV) events, 95% confidence 01 02 0.5 1 2 5 10
intervals (Cls) and relative weight, in Nondi R Di
. . ondippers everse Dippers
reverse dippers (n=696) vs nondippers at highfn?risk at higher ‘:gk
(n=2712)

patients, no studies have addressed this topic in the setting of RD.
Nonetheless, a brief summary of data concerning therapeutic interven-
tions in patients with less extreme alterations in BP circadian rhythm
(ie, nondippers) may be useful. More than 2 decades ago, Uzu and
colleagues16 investigated the effect of short-term diuretic treatment
on circadian BP variations in 21 hypertensive patients (10 dippers and
11 nondippers). The magnitude of nocturnal BP drop was unaffected
by treatment in dippers; on the contrary, it was markedly increased in
nondippers, in whom a normal circadian rhythm was mostly restored.
Available evidence on bedtime administration of antihypertensive
drugs aimed to normalize nocturnal BP supports the view that this ap-
proach may be protective against cardiovascular risk associated with a
disrupted BP rhythm. Likewise, emerging data suggest that drugs with
a long-lasting antihypertensive effect and elevated smoothness index
exert a sustained reduction of nocturnal BP. In the Hypertension and
Lipid Trial (HALT), the effect of bedtime administration of doxazosin
on nighttime BP was assessed in 118 hypertensive patients with dif-
ferent nocturnal BP patterns (18 extreme dippers, 46 dippers, 48 non-
dippers, and 6 reverse dippers).”* The hypotensive effect of doxazosin
on nocturnal systolic BP was greatest in reverse dippers (-18 mm Hg),

intermediate in nondippers (-12 mm Hg), and lowest in dippers

(-1 mm Hg) and extreme dippers (+4 mm Hg). Hermida and col-
leagues,” comparing the effect of valsartan (160 mg/d) administered
either in the morning or at bedtime in 148 nondipper hypertensive
patients, observed a significant increase in diurnal/nocturnal BP ratio
only when valsartan was administered at bedtime. As a result, 75% of
patients randomized to bedtime therapy became dippers compared
with 24% of patients treated with the morning dose. A Japanese trial
examined the effect of cilnidipine on nocturnal BP in 615 hyperten-
sive patients classified as extreme dippers, dippers, nondippers, and
reverse dippers.”® BP reductions induced by cilnidipine were more
pronounced at nighttime than daytime in patients with RD, similar at
nighttime as daytime in nondippers, and more pronounced at daytime
than nighttime in dippers. In a retrospective analysis including 1279
patients, telmisartan (a long-acting angiotensin Il receptor antagonist
with a high smoothness index) normalized circadian BP pattern to a
dipper profile in a larger proportion of patients compared with ramipril
and reduced early-morning systolic BP surge.57

The benefit of ameliorating nighttime BP control has recently
been investigated by the MAPEC study.’® The investigators evaluated
whether bedtime therapy with one or more hypertensive drugs was

able to control BP and reduce cardiovascular risk more effectively than



CUSPIDI ET AL

™ | wiLEy

conventional therapy administration (ie, all antihypertensive drugs
taken in the morning hours). After a follow-up of 5.6 years, partici-
pants taking one or more BP-lowering medications at bedtime had a
lower nighttime BP as well as a reduced prevalence of nondipping/
RD status than patients taking all drugs upon awakening. Importantly,
the tighter control in nocturnal BP was associated with a substantial
decrease (-60%) in relative risk of cardiovascular events.

It should be noted, however, that information on treatments aimed
at restoring an abnormal circadian BP pattern remains scanty and has

been provided by only a few research groups.

3 | CONCLUSIONS

A paradoxical BP increase during sleep has been documented during
24-hour BP monitoring. This impaired circadian BP rhythm, although
of marginal prevalence in general population samples (<5%), has been
reported to be up to 10 times more prevalent in patients with hyper-
tension, type 2 diabetes mellitus, CKD, and sleep apnea syndrome.

Studies targeting the association of this condition with subclinical
organ damage at the cardiac and extracardiac levels failed to provide
univocal findings, although they support the view that RD is a risk fac-
tor for LVH, carotid abnormalities, proteinuria, and microalbuminuria.

A stronger body of evidence on the adverse clinical significance
of RD pattern comes from studies addressing its relationship with in-
cident cardiovascular events, where RD turned out to be a powerful
marker of adverse cardiovascular prognosis, after adjusting for tradi-
tional risk factors.

Because of the high cardiovascular risk associated with RD, an
appropriate antihypertensive chronotherapeutic approach to this
condition should be performed to improve cardiovascular prevention.
Further studies to assess the beneficial effects on cardiovascular prog-
nosis of therapeutic interventions aimed to normalize circadian BP

pattern are needed.
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