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Abstract

Ambulatory blood pressure monitoring (ABPM) is a suitable method for studying the vascular risk and the degree
of hypertension control. The objective of this work focuses on the dipper pattern, comparing the prevalence and
characteristics with other circadian patterns in hypertensive patients. ABPM was performed in 1320 hypertensive
patients. We selected those who met the requirements of "valid" according to the CardioRisc protocol (1126, 85.3%).
Dipper pattern was defined when the average blood pressure (BP) at rest was between 10% and 20% below the
average of the activity BP. We have considered as low vascular risk those from light to moderate levels, and the rest
as high vascular risk. Controlled BP was considered when the office BP was less than 140/90 mmHg. The
distribution of the patterns was as follows: dipper (476, 42.3%), non-dipper (448, 39.8%), riser (140, 12.4%) and
extreme dipper (62, 5.6%). The mean age was 52.96 ± 15.37 years. 53.8% of the 476 hypertensive dipper were
women, of which 25% were taking 3 or more drugs, compared with 38.7% of non-dipper (this group needed less
medication to achieve an adequate control). The degree of control (51.9% vs. 45%) and vascular risk was better in
patients with dipper pattern. A statistically significant difference between the average pulse pressure (PP) for the
riser pattern in both the office PP (59.76 ± 16) and the 24 hours ABPM PP (58.7 ± 15.7) was observed.
Hyperlipidemia was the vascular risk factor most frequently associated.
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Background
Several studies have defined the complementarity of ambulatory

blood pressure monitoring (ABPM) with the office blood pressure (BP)
[1,2]. The additional value of the ABPM, with its drawbacks, is
maximum, since it is the only technique that allows us to analyze the
rest period. The lack of nocturnal fall in BP is a well-established cause
of vascular risk [3,4]. We perform the assessment of nocturnal BP with
ambulatory monitoring using a device called Holter. With the different
measures of BP obtained with this apparatus (an average of 64 per day,
considering every 20 minutes during the day and every 30 minutes at
night) graphics are obtained, which allow us to identify 4 patterns by
comparing the average BP during the activity period versus the rest
period. In the normal or dipper pattern the mean BP (MBP) at rest is
between 10 and 20% lower than in the activity period; in the extreme
dipper pattern the MBP in the rest period is 20% lower than the MBP
of the activity period; in the non-dipper the MBP during rest is
between 0 and 10% lower than the MBP during activity; and finally, in
the riser pattern the MBP at rest is higher than the MBP during the
activity period [5]. However the ABPM has still low representation in
hypertension guidelines [6,7]. Studies of hypertension (HBP) and
circadian rhythm have focused on the study of the riser pattern or
comparing the four circadian patterns. There rarely is a specific
analysis of dipper pattern [8,9], although it has been recently shown
that the change of a non-dipper to a dipper pattern improves
cardiovascular risk [10]. The objective of this work focuses on the
dipper pattern comparing the prevalence and characteristics of the
dipper pattern with other circadian patterns in hypertensive patients.
We analyze particular aspects of this pattern and other patterns of
circadian rhythm referenced in the literature and observed by us.

Patients and Methods
A 10 years analysis of all ABPM performed using Cardiorisc project

in hypertensive patients was conducted. The sample represents the
ABPM of the hypertensive patients evaluated using this project. First
ABPM evaluation or those difficult to be controlled (without BP targets
achieved with at least 3 drugs) were included. Those who did not
provide at least the minimum number of BP determinations including
at activity and rest were excluded according to the basis of this
protocol. A total of 1126 hypertensive patients with these features were
enrolled. The CardioRisc project [11], driven by the Spanish Society of
Hypertension and sponsored by Laboratories Lacer, has achieved the
most important database of ABPM until now. Cardiorisc project allows
classifying patients in 5 levels: normal, low, moderate, high and very
high according to the current European Guidelines for the diagnoses;
treatment and management of hypertension. We classified and
grouped patients at normal, low and moderate as at low risk and the
rest were considered at high risk; so the initial variable was recoded to
dichotomous.

Demographic variables, distribution of classic patterns and
characteristics of the dipper pattern in comparison with other
circadian patterns were analyzed. Patients were divided in two groups
according to the pattern (dipper against the non-dipper pattern) and
these groups compared. The average values of pulse pressure (PP)
during activity, rest and 24 hour period were compared with the PP
obtained from the average values of the office BP. We established the
hypothesis that the value of the average PP remains stable in
hypertensive patients with a healthy vascular tree, regardless of
changes that occur along the circadian rhythm in BP variability.
Descriptive statistical analysis and contrast test of equality of means for
two related samples using SPSS15 statistical program was applied.
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Results
In a total of 1126 cases; the distribution of patterns was as follows:

dipper (476, 42.3%), non-dipper (448, 39.8%), riser (140, 12.4%) and
extreme dipper (62, 5.6%). The mean age was 52.96 ± 15.37 years
(range: 14-90 years), with 50.1 years in the dipper hypertensive (HT-D)
versus 55.01 in the rest (HT-ND), showing statistically significant
differences comparing the other 3 groups (dipper, non-dipper and
dipper extreme) with the riser pattern (61.7 versus 51.7 years). In this
respect; mean age in dipper pattern was 50.1 years in dipper 52.1 in
non-dipper; 61.06 in extreme dipper and 61.7 years in riser.

Women represented 51.9% (585) of the sample, 256 (22.7%) in the
dipper group, 225 (20%) in non-dipper, 39 (3.5%) in extreme dipper
and 65 (5.7%) in the riser group. 256 (53.8%) of the 476 HT-D and 329
(50.6%) of the 650 HT-ND were women.

119 HT-D (25%) versus HT-ND 252 (38.7%) were taking 3 or more
drugs; 247 (51.9%) HT-D versus 294 (45%) HT-ND were controlled.
There were 113 HT-D (23.7%) versus 258 HT-ND (39.7%) with high
cardiovascular risk. The distribution of patients taking 3 or more drugs
according to the pattern was: 25% dipper pattern, 33.9% no dipper,
35% extreme dipper and 54.8% riser. Taking into consideration the Ten
rule (one hypertensive drug taking at full dose is able to reduce blood
pressure by 10 mmHg) and that what is important is certainly the
blood pressure control to reduce vascular risk, the type of
antihypertensive drug taking was not evaluated but the number of
them. In the sample studied, 48.4% of patients achieved a good blood
pressure control (BP<140/90) and the distribution by groups was:
51.9% dipper group, 48.2% no-dipper, 41.9% extreme dipper, 35.7% in
the riser group.

Mean pulse pressure of the sample at consultation was 55.42 mmHg,
53.48 mmHg in the dipper group, in non-dipper group, 56.31 mmHg
in the extreme dipper group patrón dipper extreme and 59.76 mmHg
in the riser group. 51.24 mmHg was the mean value of pulse pressure
during 24 hours ABPM and the behaviour by groups was: 48.20 mmHg
in the dipper group, 51.68 mmHg in no dipper, 50.50 mmHg in the
extreme dipper, 58.7 mmHg in the riser group.

The average pulse pressure (PP) in HT-D versus HT-ND was: office
PP (53 ± 12 versus 58.2 ± 13), and the average of PP in ABPM (48.85 ±
18 versus 53 ± 12.4), being both values statistically significant. The
difference was even more patent for the riser pattern in both the office
PP (59.76 ± 16) as of ABPM PP (58.7 ± 15.7). Comparison of mean
values for the number of drugs, degree of control and cardiovascular
risk was statistically significant for the dipper pattern versus non-
dipper, needing fewer drugs to control blood pressure, achieving a
greater degree of BP and less vascular risk. The prevalence of
hyperlipidemia was 48.7% and prevalence of diabetes was 19.4%,
showing the high prevalence of these two vascular risk factors in
hypertensive patients. Hyperlipidemia was present in 48.7% of patients
(754) and the distribution by groups was 41.6% of dipper, 45.7% of no
dipper, 50% of extreme dipper, 80% of riser. Diabetes was present in
10.8 % of dipper, 16.8% of no dipper, 30% of extreme dipper, 52% of
riser.

Discussion
Previous studies show that in hypertensive patients the dipper

pattern has lower cardiovascular risk compared to the other three
patterns of ABPM. The riser pattern, compared with the rest three
patterns, has greater PP and worse vascular risk [12,13]. Recently and

concurring with the economic crisis, we have noticed an increased
prevalence of a hypertension model, that is working pressure, which
behaves as masked hypertension in activity and shows very marked
dipper pattern [14].

The value of vascular risk in this subgroup has not been previously
studied. Depending on the number of hours at work (pattern A: 7
hours or pattern B: 12 hours) so it will be the vascular risk in both
subgroups.

The value of the PP as a guiding method for appropriate office BP
value had not been reported, although it is habitual in the ABPM that
systolic and diastolic BP follow a parallel line when there is an
appropriate response of the blood vessel wall, a circumstance that
disappears with atherosclerotic disease. We have named this
morphological situation "parallelism", suggesting that the value of the
PP remains constant within the BP variability over 24 hours when
there are healthy arteries [15,16]. This is visible both on the ABPM and
on the BP self-measurement at home. When this situation does not
occur the PP is usually higher reflecting a state of altered vascular wall
and is associated with an increased expression of target organ damage
[17]. Aspects such as the degree of control with ABPM, which
eliminates the white coat effect in office BP, increase the degree of
control around 10%. This modifies the degree of control in comparison
with the office BP [18], but at a level not as marked as most other
studies correlating ABPM with office BP. Along with the white coat
effect the presence of masked hypertension is also notorious, a peculiar
aspect of the ABPM, which detects apparently controlled hypertension
by office BP, reflecting at the same time the high risk of this subgroup
of hypertensive patients detected only by ABPM [19]. The value of the
riser pattern as an indicator of vascular risk and probably as a result of
prolonged action on the vessels of vascular risk factors, has been
analyzed in many studies and is confirmed by the data from this
sample.

There is no scientific evidence to corroborate the use of
antihypertensive drugs at bed time in the presence of masked
hypertension (no dipper and riser patterns). The fact that riser pattern
is mostly seen in diabetic patients could be due to both failure of the
autonomic system to regulate blood pressure and wall vessel damage
which loses elasticity and is not able to adequate respond to
neurohormonal mechanisms.

Conclusion
1. The distribution of the classic patterns of ABPM in this study are

similar to those published by the CardioRisc project.

2. The degree of control in hypertensive patients analyze is higher
compared to office BP control

3. The control of BP is worse in hypertensive patients requiring
more drugs.

4. Hypertensive patients presenting with riser pattern have a very
high vascular risk and those with the dipper pattern have lower
cardiovascular risk.

5. The ABPM is a suitable method to clarify the diagnosis of
hypertension in borderline cases and define the chronotherapy in
hypertensive patients.
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