
ORIGINAL ARTICLE

Circadian blood pressure changes and cardiovascular
risk in elderly-treated hypertensive patients

Sante D Pierdomenico1,2, Anna M Pierdomenico2,3, Francesca Coccina3, Domenico Lapenna2,3

and Ettore Porreca1,2

The independent prognostic significance of circadian blood pressure (BP) changes is unclear. We investigated the association

between circadian BP changes and cardiovascular risk among elderly-treated hypertensive patients. The occurrence of a

composite end point (that is, stroke, coronary events, heart failure and peripheral revascularization) was evaluated among 1191

elderly-treated hypertensive patients (age range 60–90 years). According to the nighttime change and the morning surge (MS) of

systolic BP, subjects were divided into groups of dippers with a normal or high MS (DNMS and DHMS, respectively), non-dippers

(ND), reverse dippers (RD) and extreme dippers with a normal or high MS (EDNMS and EDHMS, respectively). During the

follow-up (9.1±4.9 years, range 0.4–20 years), 392 events occurred. The event rate was 3.63 per 100 patient-years. After

adjustment for various covariates, including 24-h BP, the DHMS (hazard ratio (HR) 1.49, 95% confidence interval (CI)

1.02–2.16, P=0.04), ND (HR 1.71, 95% CI 1.28–2.27, P=0.0001), RD (HR 2.05, 95% CI 1.44–2.93, P=0.0001) and

EDHMS (HR 3.40, 95% CI 1.96–5.90, P=0.001) were at higher cardiovascular risk than the DNMS. The population

attributable risk was 0.6, 7.1, 7.3 and 1.4% for the DHMS, ND, RD and EDHMS, respectively. In elderly-treated hypertensive

patients, circadian BP changes were independently associated with increased cardiovascular risk. At the patient level, the

highest risk was observed among the EDHMS, followed by the RD, ND and DHMS. At the population level, the highest risk was

observed among the RD, followed by the ND, EDHMS and DHMS.
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INTRODUCTION

Ambulatory blood pressure (BP) monitoring is increasingly used
in clinical practice.1

Ambulatory BP is largely superior to clinic BP in predicting the
prognosis of both untreated and treated hypertensive patients at
baseline.1–5 Ambulatory BP monitoring has also revealed that
the circadian BP profile is not uniform among hypertensive subjects.
Indeed, for nighttime BP behavior, the following circadian BP patterns
have been described: (1) reverse dipper (BP fallo0%), (2) non-dipper
(BP fall ⩾ 0% and o10%), (3) dipper (BP fall ⩾ 10% and o20%)
and (4) extreme dipper (BP fall ⩾ 20%). Various studies have
evaluated cardiovascular outcomes according to circadian BP patterns
among both hypertensive patients6–19 and general populations,20–22

but the findings are not consistent, and all circadian BP patterns
were not analyzed in each study. Moreover, ambulatory BP
monitoring has also presented the opportunity to evaluate the
morning surge (MS) of BP, that is, the difference between BP
after and before awakening, which has been implicated in the
occurrence of cardiovascular events, given their reported peak
incidence in the morning.23,24 Some investigators have evaluated the

association between a high MS of BP and future cardiovascular
complications among both hypertensive patients8,19,25–31 and general
populations,22,32–34 but the results are conflicting.
Notably, non-dippers show a lower MS of BP, whereas dippers

show a higher MS of BP. Thus, it is problematic to reconcile the
adverse prognostic significance of non-dipping with the statement that
a high MS of BP is also a predictor of poor outcome when
hypertensive patients are analyzed as a group. We suggest that dippers
and non-dippers should be analyzed separately with group-specific
cutoff points, and we have recently reported that a high MS of BP
predicts stroke,28 coronary events30 and heart failure with reduced
ejection fraction (EF)31 in dippers but not in non-dippers or
hypertensive patients as a group.
Altogether, previous studies have reported conflicting results; some

of them have not analyzed all circadian BP patterns, the majority of
them have not analyzed the MS of BP according to dipping status, and
no study has specifically evaluated an elderly-treated hypertensive
population. The aim of this study was to investigate the relationship
between incidence of cardiovascular events and circadian BP pattern
(that is, reverse dipper, non-dipper, dipper with a normal or high MS
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and extreme dipper with a normal or high MS) among elderly-treated
hypertensive patients.

METHODS

Subjects
Since 1992, we have built two prospective databases of our initially untreated or
initially treated hypertensive patients for the purpose of evaluating the
prognostic value of ambulatory BP parameters and other risk markers.
The present study was carried out with the database of initially treated subjects.
We studied 1191 sequentially treated hypertensive patients aged ⩾ 60 years
(range 60–90 years) who were prospectively recruited from December 1992 to
December 2012 and referred to our hospital outpatient clinic for evaluation of
BP control. Sixty-two patients were lost during follow-up. Subjects with
secondary hypertension were excluded. All the patients underwent clinical
evaluations, electrocardiograms, routine laboratory tests, echocardiographic
examinations and non-invasive ambulatory BP monitoring. The study
population came from the same geographical area (Chieti and Pescara,
Abruzzo, Italy). The study was in accordance with the Second Declaration of
Helsinki and was approved by the institutional review committee. The subjects
gave informed consent.

Office BP measurements
Clinic systolic and diastolic BP recordings were collected by a physician who
used a mercury sphygmomanometer and appropriate-sized cuffs. Phase V was
used to determine the diastolic BP. The measurements were performed in
triplicate, 2 min apart, and the mean value was used as the BP for the visit.

Ambulatory BP monitoring
Ambulatory BP monitoring was conducted with a portable, non-invasive
recorder (SpaceLabs 90207, Redmond, WA, USA) on a day of typical activity
within 1 week of the clinic BP measurement. Each time that a reading was
taken, the subjects were instructed to remain motionless and to record their
activity on a diary sheet. The technical aspects have been previously reported.35

Ambulatory BP readings were obtained at 15-min intervals from 0600 h to
midnight and at 30-min intervals from midnight to 0600 h. The following
ambulatory BP parameters were evaluated: daytime (awake period), nighttime
(asleep period) and 24-h systolic and diastolic BP; weighted standard deviation
(s.d.) of 24-h BP as an index of BP variability,36 according to the formula
((daytime s.d. × awake time in hours)+(nighttime s.d. × asleep time in hours))/
24; the extent of BP reduction from day to night (those with BP fall o0% were
defined as reverse dippers, those with BP fall ⩾ 0 and o10% as non-dippers,
those with BP fall ⩾ 10 and o20% as dippers and those with BP fall ⩾ 20% as
extreme dippers); and the pre-awakening MS of BP defined as the difference
between the mean BP during the 2 h after waking and the mean BP during the
2 h before waking, evaluated separately among the dippers and non-dippers. As
previously reported28,30,31 in this population, we divided all the non-dippers
(reverse dippers and non-dippers) and all the dippers (dippers and
extreme dippers) according to group-specific tertiles of the MS of systolic
BP; the dippers (dippers and extreme dippers) with a MS in the upper
tertile (423 mm Hg) were defined as having a high MS. The recordings
were automatically edited (that is, excluded) if the systolic BP was 4260 or
o70 mm Hg or if the diastolic BP was 4150 or o40 mm Hg and the pulse
pressure was 4150 or o20 mm Hg.35 The subjects had recordings of good
technical quality (at least 70% were valid readings).
In this population, the exploratory analysis showed that systolic BP was a

better predictor of cardiovascular outcome than diastolic BP. Moreover, it has
been reported that systolic BP is superior to diastolic BP in predicting the
prognosis of older subjects.32,37 Thus, in the present study, we used systolic BP
to define various parameters.

Echocardiography
Left atrial (LA) and left ventricular (LV) measurements and a calculation of the
LV mass were made according to standardized methods.38 The LA diameter
(cm) was indexed by body surface area (m2), and LA enlargement was defined
as LA diameter/body surface area ⩾ 2.4 cm m−2.27 The LV mass was indexed by

height2.7, and LV hypertrophy was defined as LV mass/height2.7 450 g m−2.7

for men and 447 g m−2.7 for women.39 The LV EF was calculated using the
Teichholz formula or the Simpson rule38 and defined as low when it waso50%.

Follow-up
Subjects were followed up in our hospital outpatient clinic or by their family
doctors. The occurrence of cardiovascular events was recorded during
follow-up visits or by a telephone interview of the patient followed by a
clinical visit. Data were collected by the authors of this study. Those reviewing
the end points were blinded to other patients’ data. In the present report, we
evaluated a combined end point that included fatal and non-fatal ischemic or
hemorrhagic stroke, coronary events (that is, sudden death, fatal and non-fatal
myocardial infarction and coronary revascularization), heart failure with
reduced or preserved EF that required hospitalization and peripheral
revascularization. The outcomes were defined as previously reported.28,30,31

Statistical analysis
Standard descriptive statistics were used. Groups were compared by using a
one-way ANOVA followed by a multiple comparison test, a chi-square test or a
Fisher’s exact test with Bonferroni’s correction, where appropriate. Event rates
are expressed as the number of events per 100 patient-years on the basis of the
ratio of the observed number of events to the total number of patient-years of
exposure up to the terminating event or censor. A Cox regression analysis was
used to evaluate the univariate and multivariate associations of factors with the
outcomes. First, we evaluated the univariate associations between cardiovascular
events and age, gender, body mass index, smoking status, previous events,
diabetes, estimated glomerular filtration rate (eGFR), low-density lipoprotein
cholesterol, LV hypertrophy, LA enlargement, asymptomatic LV systolic
dysfunction at baseline, clinic BP, 24- h BP, daytime BP, nighttime BP,
ambulatory BP groups (dippers with normal MS were the reference group,
and dippers with a high MS, non-dippers, reverse dippers, extreme dippers with
a normal MS and extreme dippers with a high MS were the compared groups),
weighted systolic BP s.d., and antihypertensive, antiplatelet and statin therapy at
baseline and atrial fibrillation during follow-up. Then, multiple regression
analysis was performed, and we reported variables in the final model that were
significantly (Po0.05) associated with outcomes in the univariate analysis.
The forced entry model was used. For ambulatory BP groups, the main topic of
this study, we also calculated the population attributable risk percentage
according to the following formula: ((incidence in the total population–
incidence in the unexposed)/incidence in the total population) × 100. Statistical
significance was defined as Po0.05. The analyses were performed with the
SPSS 21 software package (SPSS, Chicago, IL, USA). The graphs were made
with GraphPad Prism 6 (GraphPad software, San Diego, CA, USA).

RESULTS

The characteristics and BP values of the study population are
summarized in Table 1. Age, prevalence of LA enlargement, clinic
BP, daytime BP, nighttime BP, 24-h BP, MS (by definition),
percentage of dipping (by definition) and weighted systolic BP s.d.
were significantly different among the groups. Age and prevalence of
LA enlargement were the highest among the reverse dippers.
Clinic and daytime systolic and diastolic BP were the highest among
the dippers and the extreme dippers with a high MS. Nighttime
systolic and diastolic BP were the highest among the reverse dippers
and non-dippers. The 24-h systolic BP was the highest among the
dippers with a high MS and the reverse dippers. The weighted systolic
BP s.d. was the highest among the dippers with a high MS and the
extreme dippers with a normal MS. The other variables were not
significantly different among the groups.
The baseline data for antihypertensive therapy are reported in

Table 2. The use of diuretics, beta-blockers, calcium antagonists,
angiotensin-converting enzyme inhibitors and angiotensin receptor
blockers and single and double therapy was not significantly different
among the groups. The use of alpha-blockers and triple therapy was

Circadian BP changes and cardiovascular risk
SD Pierdomenico et al

806

Hypertension Research



higher among the reverse dippers. At baseline, the use of aspirin and
statin was not significantly different among the dippers with a normal
MS, dippers with a high MS, non-dippers, reverse dippers, extreme
dippers with a normal MS and extreme dippers with a high MS
(for aspirin: 22% vs. 20% vs. 22% vs. 30% vs. 31% vs. 30%,
respectively, P= 0.23; for statins: 11% vs. 11% vs. 10% vs. 16% vs.
21% vs. 24%, respectively, P= 0.06).
During the follow-up (9.1± 4.9 years, range 0.4–20 years), 392

cardiovascular events occurred. Specifically, there were 47 fatal and 92
non-fatal ischemic strokes, 5 fatal and 4 non-fatal hemorrhagic

strokes, 35 fatal and 54 non-fatal myocardial infarctions, 31 coronary
revascularizations, 123 heart failures (67 with a preserved EF and 56
with a reduced EF, 6 of which were preceded by a coronary event and
4 of which were preceded by a cerebrovascular event and were
excluded from the total count) and 11 peripheral revascularizations.
The event rate of the population as a whole was 3.63 per 100
patient-years. There were 65, 52, 189, 64, 6 and 16 events among the
dippers with a normal MS, dippers with a high MS, non-dippers,
reverse dippers, extreme dippers with a normal MS and extreme
dippers with a high MS, respectively.

Table 1 Characteristics of study population

Parameter Reverse dippers Non-dippers Dippers (normal MS) Dippers (high MS) Extreme dippers (normal MS) Extreme dippers (high MS) P

n 116 527 334 152 29 33

Age, years 70.8±6.4a 68.9±6.4 67.8±6.3 68.7±6.4 66.9±5.7 70.6±6.3 0.0001

Men, n (%) 59 (51) 227 (43) 132 (39) 66 (43) 10 (34) 12 (36) 0.31

Body mass index, kg m−2 27.5±3.7 27.9±4.3 27.5±4.1 27.6±3.6 28.5±4.5 25.9±2.6 0.09

Smokers, n (%) 11 (9) 57 (11) 45 (13) 22 (14) 3 (10) 3 (9) 0.65

Previous events, n (%) 12 (10) 52 (10) 20 (6) 13 (9) 4 (14) 3 (9) 0.38

Diabetes, n (%) 21 (18) 66 (12) 35 (10) 19 (12) 2 (7) 5 (15) 0.34

eGFR, ml min−1 1.73 m−2 64.1±16 64.5±15 64.1±14 63.3±16 63±11 64.3±13 0.95

LDL cholesterol, mg dl−1 123±33 127±29 130±30 128±29 128±34 131±29 0.37

LV hypertrophy, n (%) 38 (33) 167 (32) 90 (27) 56 (36) 10 (34) 8 (24) 0.29

LA enlargement, n (%) 46 (40)a,b,c 123 (23)a 50 (15) 33 (22) 6 (21) 5 (15) 0.0001

ALVSD, n (%) 7 (6) 22 (4) 11 (3) 11 (7) 0 (0) 2 (6) 0.29

Clinic SBP, mm Hg 147±16b 149±18b 148±18 159±19a 151±16 158±21 0.0001

Clinic DBP, mm Hg 85±11b 87±10b 87±11 91±9a 86±9 92±80 0.0001

Daytime SBP, mm Hg 132.8±14b 134.3±15b 134.3±14 142.6±14a 135.8±13 141.3±13 0.0001

Daytime DBP, mm Hg 76±7b 78±9b 78±9 81±9 77±7 82±6 0.0001

Nighttime SBP, mm Hg 138±15a,b,c 127±14a,b 116±12 122±12a 104±11a,b,c,d 108±12b,c,d 0.0001

Nighttime DBP, mm Hg 75±8a,b,c 70±9a,b 65±8 66±7 57±6a,b,c,d 59±5a,b,c,d 0.0001

24- h SBP, mm Hg 134±14a 132±14b 129±13 136±13a 126±12b 131±12 0.0001

24- h DBP, mm Hg 76±7 75±9 74±9 76±8 71±6 75±6 0.01

Morning surge SBP, mm Hg −2.5±8.2a,b,c 8.7±8.8a,b 13.7±5.7 30.5±6.1a 17.5±4.2b,c,d 33.6±9.6a,c,d,e 0.0001

Weighted SBP s.d., mm Hg 13.7±3.5a 12.7±3.1b 12.6±3.2 14.4±3.2a 14.7±3.1a 13.7±3.1 0.0001

Dipping SBP, % −4.3±3.7a,b,c 5.5±2.8a,b 13.6±2.5 14.5±2.6 23.3±3.1a,b,c,d 23.6±3.9a,b,c,d 0.0001

Atrial fibrillation,f n (%) 10 (9) 45 (8) 21 (6) 18 (12) 1 (3) 0 (0) 0.14

Abbreviations: ALVSD, asymptomatic left ventricular systolic dysfunction (EF o50%); DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; LA, left atrial; LDL, low-density
lipoprotein; LV, left ventricular; MS, morning surge (high MS means SBP 423 mm Hg); SBP, systolic blood pressure.
aPo0.05 vs. dippers (normal MS).
bPo0.05 vs. dippers (high MS).
cPo0.05 vs. non-dippers.
dPo0.05 vs. reverse dippers.
ePo0.05 vs. extreme dippers (normal MS).
fAtrial fibrillation occurred during follow-up.

Table 2 Baseline antihypertensive therapy of study population

Parameter Reverse dippers Non-dippers Dippers (normal MS) Dippers (high MS) Extreme dippers (normal MS) Extreme dippers (high MS) P

Diuretic, n (%) 73 (63) 294 (56) 195 (58) 86 (57) 17 (59) 19 (58) 0.82

Beta-blocker, n (%) 35 (30) 165 (31) 91 (27) 54 (35) 11 (38) 9 (27) 0.47

Calcium antagonist, n (%) 48 (11) 190 (36) 97 (29) 44 (29) 9 (31) 13 (39) 0.08

ACE-I, n (%) 68 (59) 262 (50) 162 (48) 85 (56) 13 (45) 11 (33) 0.08

ARB, n (%) 24 (21) 130 (25) 92 (27) 30 (20) 9 (31) 10 (30) 0.34

Alpha-blocker, n (%) 32 (28)a,b,c 73 (14) 41 (12) 12 (8) 3 (10) 3 (9) 0.0001

Single therapy, n (%) 20 (17) 134 (25) 92 (27) 33 (22) 4 (14) 8 (24) 0.18

Double therapy, n (%) 48 (41) 236 (45) 159 (48) 82 (54) 18 (62) 19 (58) 0.09

Triple therapy, n (%) 48 (41)a,b 157 (30) 83 (25) 37 (24) 7 (24) 6 (18) 0.0001

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; MS, morning surge (high MS means SBP 423 mm Hg); SBP, systolic blood pressure.
aPo0.05 vs. dippers (normal MS).
bPo0.05 vs. dippers (high MS).
cPo0.05 vs. non-dippers.

Circadian BP changes and cardiovascular risk
SD Pierdomenico et al

807

Hypertension Research



The univariate analysis showed that age, diabetes, previous events,
eGFR, LV hypertrophy, LA enlargement, asymptomatic LV systolic
dysfunction at baseline, clinic systolic BP, 24-h systolic BP, daytime
systolic BP, nighttime systolic BP, dippers with a high MS,
non-dippers, reverse dippers and extreme dippers with a high MS
were significantly associated with an increased cardiovascular risk
(Table 3). There was no significant association between cardiovascular
risk and other variables.
We performed two multivariate analyses. In the first model, we

included age, diabetes, previous events, eGFR, LV hypertrophy, LA
enlargement, asymptomatic LV systolic dysfunction at baseline
and clinic systolic BP. In the second model, we replaced clinic BP
with 24-h systolic BP and included circadian BP subgroups.
The results of the multivariate analyses are reported in Figure 1.

After adjustment for the above-mentioned covariates, the risk of
cardiovascular events was slightly associated with clinic BP (model 1),
more strongly associated with 24-h BP and significantly higher among
the dippers with a high MS, non-dippers, reverse dippers and extreme
dippers with a high MS than among the dippers with a normal MS
(model 2) (Figure 1).
When we assessed the effects of drug treatment at follow-up, the

results were similar. When we analyzed the distribution of single
components of the composite end point among circadian BP groups,
we found that both stroke and coronary artery disease had a similar
trend to that observed for all events; indeed, the highest incidence of
both of these events was observed among the reverse dippers and
extreme dippers with a high MS. The event rate of patients enrolled
from 1992 to 2002 was similar to that of patients enrolled from
2003 to 2012. If enrollment year was included in the multivariate
analysis, then the results were similar. When we separately analyzed
patients with controlled (n= 418) or uncontrolled (n= 773) clinic
systolic BP at baseline by using a cutoff of 140 mmHg, the risk trend
across circadian BP phenotypes was similar to that of the global
population in both groups with a significantly higher risk among the
non-dippers, reverse dippers and extreme dippers with a high MS;

however, patients with controlled clinic BP had a globally lower
event rate (2.85 per 100 patient-years) than those with uncontrolled
clinic BP (4.13 per 100 patient-years).
The population attributable risk percentage was 0.6% among the

dippers with a high MS, 7.1% among non-dippers, 7.3% among
reverse dippers and 1.4% among extreme dippers with a high MS.

DISCUSSION

This study shows that changes in circadian BP predict cardiovascular
risk independently of 24-h BP and other risk factors among
elderly-treated hypertensive patients.
Our findings among reverse dippers are essentially in line with those

of other studies evaluating the prognostic value of this specific
pattern.9,10,12,13,15–17,19–22 Regarding non-dippers, our data are similar
to those reported in some studies6,7,10,12,14,16,18–20,22 but different from
those observed in other reports.9,13,15,17 It should be emphasized that
we divided the dippers into those with a normal or high MS and
non-dippers were compared with dippers with a normal MS who were
at lower risk than those with a high MS. This aspect may explain the
discrepancies between our data and some previous studies,9,13,15,17 as
well as discrepancies among other studies that have observed
differences6,7,10,12,14,16,18–20,22 or no differences9,13,15,17 between
dippers and non-dippers regarding cardiovascular risk. Indeed, a
different prevalence of dippers with a high MS within the dipper
population may have affected the global risk of this group and the
comparison with the non-dippers. Some previous studies evaluating
cardiovascular outcome among all the extreme dippers compared
with all dippers have reported increased risk,9,22 whereas others
have reported no increased risk.10,15,19 Moreover, various studies have
evaluated cardiovascular outcome among subjects with a high MS,
independent of the circadian BP pattern, reporting conflicting
results.8,19,22,25–27,29,32–34 To the best of our knowledge, this is the
first study in the literature that compared cardiovascular risk among
the dippers and extreme dippers with a high MS with that of dippers
with a normal MS. In our previous studies,28,30,31 we have compared

Table 3 Risk of cardiovascular events in univariate analysis

HR (95% CI) P

Age (10 years) 2.41 (2.06–2.82) 0.0001

Diabetes (yes vs. no) 2.14 (1.60–2.87) 0.0001

Previous events (yes vs. no) 1.86 (1.29–2.68) 0.001

eGFR (10 ml min−1 1.73 m−2) 0.87 (0.80–0.94) 0.0001

LV hypertrophy (yes vs. no) 2.14 (1.75–2.61) 0.0001

LA enlargement (yes vs. no) 1.40 (1.13–1.73) 0.002

ALVSD (yes vs. no) 2.45 (1.71–3.51) 0.0001

Clinic SBP (10 mm Hg) 1.16 (1.09–1.23) 0.0001

24-h SBP (10 mm Hg) 1.38 (1.30–1.46) 0.0001

Daytime SBP (10 mm Hg) 1.34 (1.26–1.42) 0.0001

Nighttime SBP (10 mm Hg) 1.35 (1.27–1.43) 0.0001

Subgroups
Dippers (normal MS) 1

Dippers (high MS) 2.14 (1.48–3.08) 0.0001

Non-dippers 2.01 (1.52–2.67) 0.0001

Reverse dippers 2.77 (1.96–3.91) 0.0001

Extreme dippers (normal MS) 1.26 (0.54–2.90) 0.60

Extreme dippers (high MS) 3.75 (2.17–6.49) 0.0001

Abbreviations: ALVSD, asymptomatic left ventricular systolic dysfunction; CI, confidence interval;
eGFR, estimated glomerular filtration rate; HR, hazard ratio; LA, left atrial; LV, left ventricular;
MS, morning surge (high MS means 423 mm Hg); SBP, systolic blood pressure.

Figure 1 Risk of cardiovascular events by clinic and 24-h systolic blood
pressure (CSBP and 24hSBP, respectively, per 10 mm Hg increase) and
among the dippers with a high morning surge (DHMS), non-dippers (ND),
reverse dippers (RD), extreme dippers with a normal morning surge (EDNMS)
and extreme dippers with a high morning surge (EDHMS) compared with
dippers with a normal MS. The data are adjusted for age, diabetes, previous
events, eGFR, LV hypertrophy, LA enlargement and asymptomatic LV systolic
dysfunction at baseline. The hazard ratio (HR) and 95% confidence interval
(CI) values are 1.07 (1.01–1.14) for CSBP, 1.23 (1.14–1.33) for 24hSBP,
1.49 (1.02–2.16) among DHMS, 1.71 (1.28–2.27) among ND, 2.05
(1.44–2.93) among RD, 1.50 (0.65–3.49) among EDNMS and 3.40
(1.96–5.90) among EDHMS.
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the risk of stroke or coronary artery disease or heart failure among the
dippers (including both dippers and extreme dippers) with a high MS
and non-dippers (including both non-dippers and reverse dippers)
with those of dippers with a normal MS (including both dippers and
extreme dippers). In the present report, we found a higher risk among
the dippers and extreme dippers with a high MS than among dippers
with a normal MS, whereas the extreme dippers with a normal MS
tended to have increased risk, but the association did not reach
statistical significance. These findings highlight the prognostic
relevance of the MS among both dippers and extreme dippers. They
also suggest that the increased risk among the extreme dippers may be
more associated with increased BP in the morning than with reduced
BP at night; however, the non-significant increased risk observed
among the extreme dippers with a normal MS deserves
further evaluation because of the small number of events. A recent
meta-analysis,40 which included our previously published study41

(1280 hypertensive patients of whom 57% were treated, mean age
58 years, 104 events), has evaluated the prognostic effects of nocturnal
BP fall among patients with hypertension. Reverse dippers and
non-dippers are at increased cardiovascular risk compared with all
dippers (with no distinction between those with a normal or high
MS).40 Regarding extreme dippers (with no distinction between those
with a normal or high MS), this BP pattern is associated with an
increased cardiovascular risk among untreated populations but not
among treated or mixed populations.40 Our present data on
elderly-treated hypertensive patients are not consistent with this
specific finding. However, the discrepancy may be explained by
various aspects, including: (1) the younger age of the populations in
our study and others (mean age of approximately 60 years), (2) the
evaluation of treated/mixed populations, (3) the lack of distinction
between dippers and extreme dippers with a normal or high
MS (unavailable data for the meta-analysis), (4) the population
characteristics and (5) other undetected factors.
Since the first descriptions of blunted nocturnal BP fall,6 extreme

dipping42 and a high MS,25 there has been an attempt to explain
their pathophysiological background and the mechanisms by
which they are associated with increased cardiovascular risk.
Various hypotheses have been formulated and discussed in previous
reports.7,9,10,12–22,25–32,40,42–49 A blunted nocturnal BP fall has been
shown to be associated with autonomic nervous system dysfunction,
daytime orthostatic hypotension, neurohumoral alterations, elevated
myocardial repolarization lability, increased salt sensitivity, sleep-
related breathing disorders, hyperaldosteronism, chronic low-grade
inflammation, increased platelet activation, alterations in hemostasis,
endothelial dysfunction, increased myocardial fibrosis and genetic
variants in circadian genes.7,9,10,12–22,40,42–47 Extreme dipping has been
reported to be associated with autonomic nervous system dysfunction,
daytime orthostatic hypertension, neurohumoral alterations, a
high MS and increased arterial stiffness.9,22,42–45 A high MS has
been described to be associated with impaired baroreflexes, increased
arterial stiffness, increased oxidative stress, chronic low-grade
inflammation, increased platelet activation, alterations in hemostasis
and coronary microvascular dysfunction.22,25–32,48,49 It should be
emphasized that there is an overlap of different BP phenotypes at
the extreme edges; indeed, extreme dipping is associated with a high
MS and orthostatic hypertension, whereas reverse dipping is associated
with an absent or inverse MS and orthostatic hypotension.49 These
aspects highlight the complexity of the pathophysiological background
and of the prognostic effects of different BP phenotypes and further
suggest that some phenomena, such as non-dipping and MS, should
be analyzed separately.

It is tempting to analyze which therapeutic strategy is the best at
reducing BP and cardiovascular risk according to circadian BP
changes. Indeed, it has been reported that antihypertensive therapy
using clinic BP may be less effective in reducing risk for some
circadian BP patterns, particularly among the reverse dippers and
extreme dippers.50 It has been speculated that among the reverse
dippers, maintaining BP control with clinic BP is insufficient during
the night and that, among the extreme dippers, antihypertensive
therapy may favor events by additionally reducing nocturnal BP or
alternatively by partially controlling MS.50 Amlodipine administered at
0800 h has been shown to reduce BP during the night among patients
with a high nighttime BP (non-dippers and reverse dippers) and to
have no effect on nocturnal BP among those with a low nighttime BP
(extreme dippers).51 Doxazosin administered at bedtime tends to
increase nocturnal systolic BP among the extreme dippers, has a
minimal effect among the dippers and substantially decreases
nighttime BP among non-dippers and reverse dippers.52 Telmisartan
has been reported to be superior to ramipril (both taken in the
morning) in normalizing the circadian BP pattern to a dipper profile
and reducing the MS of BP.53 Nifedipine GITS administered at
bedtime has been shown to decrease the prevalence of non-dipping
and to reduce the MS of BP.54 The aforementioned therapeutic
approaches might be effective in reducing BP and risk among
non-dippers, reverse dippers and extreme dippers with a high MS.
It has been suggested that antihypertensive drugs administered at
bedtime instead of the morning, for example, calcium channel
blockers, angiotensin-converting enzyme inhibitors and angiotensin-
II receptor blockers, are more effective in reducing BP and risk,
especially among patients with a high nighttime BP.55 This strategy
may be mostly helpful among the non-dippers and reverse dippers.
However, the best therapeutic approach to reduce cardiovascular risk,
according to circadian BP profile, remains to be established. We found
a significantly higher risk, though at a different rate, among the
non-dippers, reverse dippers and extreme dippers with a high MS both
among patients with controlled and uncontrolled clinic BP, thus
suggesting that a therapeutic approach that targets the circadian BP
pattern may be beneficial for both groups. Thus, drug therapy should
be improved, though to a different extent, among the non-dippers,
reverse dippers and extreme dippers with a high MS both when clinic
BP is controlled and uncontrolled.
This study has some limitations. First, we studied only Caucasian

subjects, and our results cannot be applied to other ethnic groups.
Second, our data were obtained from elderly-treated hypertensive
patients and cannot be extrapolated to younger and untreated subjects.
Third, it remains unclear whether circadian BP changes entirely reflect
an intrinsic characteristic of patients or uncontrolled BP because of the
treatment features (dose or timing of drug therapy); these aspects,
however, do not lessen our findings. Fourth, the lack of association of
cardiovascular risk with treatment strategy does not indicate a lack
of efficacy of therapy because all the subjects were treated with an
antihypertensive therapy, most subjects received multiple therapies,
and the patients were not randomized into antihypertensive,
antiplatelet or statin therapy groups.
In conclusion, among elderly-treated hypertensive patients,

circadian BP changes were independently associated with an increased
cardiovascular risk. At the patient level, the highest risk was observed
among the extreme dippers with a high MS, followed by the reverse
dippers, non-dippers and dippers with a high MS. At the population
level, the highest risk was observed among the reverse dippers,
followed by the non-dippers, extreme dippers with a high MS and
dippers with a high MS. Beyond using clinic BP, our findings suggest
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that using therapeutic strategies that improve nighttime BP reduction
among reverse dippers and non-dippers and that reduce the MS of BP
among patients with a high MS may possibly help to achieve strict
24-h BP control and help to better prevent cardiovascular events
among elderly-treated hypertensive patients.
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