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Summary

Background: Developing hypertension is likely to be at least two times greater in individual with exaggerated blood
pressure response on exercise testing (ET). Few reports have evaluated the parameters of 24-hour Ambulatory Blood
Pressure Monitoring (ABPM) in normotensive individuals with exaggerated blood pressure response to exercise.

Objective: To evaluate the relationship among the casual blood pressure with hyper-reactive response on ET and to
compare Ambulatory Blood Pressure Monitoring (ABPM) data of hyper-reactive individuals with a control group in order
to detect early disorders, that allows a preventive action with prognostic implication.

Methods: Casual BP measurement and parameters of ABPM of 26 adult individuals, with mean age of 41,50+11,78
years, normotensive at rest and hyper-reactive on ET was compared to those of 16 adult individuals, with mean age
of 41,38+11,55 years, normotensive at rest with normal BP response on exercise. The values <140x90mmHg were
considered normal for casual BP. The values <220mmHg for systolic BP and/or an increase >15mmHg diastolic BP on
ET for hyper-reactive response diagnosis.

Results: Hyper-reactive individuals presented the systolic (p=0,03) and diastolic (p=0,002) casual BP and mean systolic
BP (p=0,050), systolic pressure load during the day (p=0,011), and systolic (p=0,017) pressure load higher when
compared to the control group.

Conclusion: Casual high normal BP had a positive correlation with exaggerated BP response. The hyper-reactive
individuals showed particular characteristics in casual BP as well as in ABPM parameters, which, although within the

range of reference values, differed from those of individuals with normal response to exercise.

Key words: Ambulatory blood pressure monitoring; exercise test; hyper-reactive response, hypertension.

Introduction

There is a positive and continuous correlation between
blood pressure (BP) and cardiovascular risk and mortality’.
Systemic arterial hypertension (SAH), despite highly prevalent,
is still underdiagnosed, even in developed countries.

In clinical practice, the diagnosis of SAH is achieved by an
indirect method and the auscultation technique. The presence
of the observer and the technique used can influence the
measurement results’. The values obtained in the office are
usually higher than those obtained at home and do not express
the 24-BP oscillations?.

The ergometric stress test (EST) promotes the early
identification of individuals with an exaggerated response
of BP to exercise. The hyper-reactive response (HRR) of BP
to exercise constitutes a marked increase of systolic and/or
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diastolic BP to exercise in individuals with normal BP at rest®.
It comprehends a physiopathological characteristic of the
pre-clinical stage of established SAH, being more common in
individuals with high-normal BP*. It is related with an at least
2-fold higher chance of developing future sustained SAH, in
comparison to normotensive individuals who are not hyper-
reactive to exercise’. BP at exercise presents a correlation
with cardiovascular events and mortality>. The HRR has been
correlated with target-organ injuries. Physical conditioning and
control of modifiable risk factors for cardiovascular disease
can influence the development of sustained SAH and these
complications in such individuals.

The Ambulatory Blood Pressure Monitoring (ABPM)
excludes the observer’s influence and evaluates the behavior of
BP during sleep and during the periods of physical and mental
stress, when these individuals present an exaggerated increase
in BP. These particularities confer ABPM a closer association
with target-organ injuries than casual measurements do®.

This was a prospective study that aimed at evaluating the
association of casual BP measurement with exercise-related
HRR and comparing the patterns of ABPM of normotensive
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individuals at rest, with and without HRR to exercise, in
an attempt to detect early alterations in possible future
hypertensive individuals, which will allow preventive measures
with prognostic implications to be taken.

Methods

The study was carried out in private Health Services in
the city of Teresopolis, Rio de Janeiro, Brazil. The volunteers
included in the study were seen at these Services or referred
by physicians from the Public Health System. All the volunteers
signed an Informed Consent Form approved on November
21 2001, by the Research Ethical Committee of the Post-
Graduation Course in Cardiology of the Universidade Federal
Fluminense (UFF) / Hospital Universitario Antonio Pedro
(HUAP), process # 87/01.

Of the 44 individuals referred to the study, 42 met the
inclusion and exclusion criteria, as follows:

Inclusion criteria - Age range between 18 and 65, clinical
diagnosis of “normotension” at rest, diagnosis of arterial
hypertension reactive to EST for the study group and absence
of arterial hypertension reactive to EST for the control group.

Exclusion criteria - Cardiovascular or systemic diseases,
use of cardiovascular or neurological action drugs, diabetes
mellitus, pregnancy, smokers, alcohol consumption and
structural cardiopathy identified at the echocardiogram,
except the hypertensive type.

The 42 individuals selected for the study were White
Caucasian, aged between 18 and 63 years and were divided
into 2 groups based on the casual measurement of BP and
the response of BP to the EST (Chart 1).

The study group, called HYPER-REACTIVE (HR), consisted
of 26 normotensive individuals at rest, with systolic and/or
diastolic hyper-reactivity at the EST. The control group, called
NORMORREACTIVE (NR), consisted of 16 normotensive
individuals at rest, with a normal BP response to exercise.

The BP measurement at the office was carried out
with the individual sitting, using an adequately calibrated
sphygmomanometer and an appropriate cuff. BP was
measured in both upper limbs, considering the highest value

obtained. Three or more measurements were obtained in
at least two distinct visits to the doctor’s office, respecting
the consensus recommendations. The means obtained from
the two or more visits were regarded as the systolic and
diastolic BP at the office. Normotension was considered
when BP values were < 140x90mmHg, according to the
criteria established by the 11l Brazilian Consensus of Arterial
Hypertension®.

The diagnosis of hyper-reactivity to exercise was established
by the EST performed on a treadmill, according to the I
Directives on EST'. The criteria used were systolic arterial
pressure (SAP) > 220mmHg and/or an increase = 15mmHg
of diastolic arterial pressure (DAP), starting from normal basal
BP levels. Individuals were considered to be normorreactive
(NR) when SAP and DAP values were below those used for
hyper-reactivity during the EST, also starting from normal
basal BP levels.

The study started in February 2002 and was concluded in
November 2003. All of the volunteers were submitted to an
anamnesis and detailed physical evaluation and underwent
a 12-derivation electrocardiogram at rest, EST and ABPM.
The data obtained were written down in the patients’ data
collection files and stored in Microsoft” Excel spreadsheets
for later analysis.

After the protocol had been followed by all the volunteers,
the groups were statistically compared regarding the
anthropometric data, family history of arterial hypertension
and the echocardiogram, EST and ABPM parameters.

The anamnesis was directed in order to identify risk factors
for cardiovascular disease, target-organ injuries, possible co-
existing illnesses, first-degree family members with a history
of arterial hypertension and use of medication.

The echocardiograms were carried out in a GE LOGIC
500 or ESAOTE AU3 equipment. The left ventricle diameters,
size of the left atrium (LA) and aorta (AO) as well as the
thickness of the interventricular septum in diastole (IVSd)
and the left ventricle posterior wall in diastole (LVPWd) were
measured. The calculation of the LV measurements was based
on the Teichholz formula. Ventricular mass was calculated
through the modified formula by the American Society of

EST

NORMAL RESPONSE
OF BP

CONTROL GROUP
NORMORREACTIVE

HYPER-REA RESPONSE
OF BP

STUDY GROUP

Chart 1 - Group division. EST - ergometric stress test.
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Echocardiography and the left ventricular mass index (LVMI)
cutoff value was 125g/m?.

The EST was performed in an ECAFIX — EG 700 treadmill
by 37 individuals, whereas 4 individuals used an INBRAMED
treadmill, model KT 2000 and one used an APEX 200
treadmill. All of the volunteers were submitted to the Bruce
protocol, except for one participant who was submitted to
the Ellestad protocol. The parameters evaluated in the period
immediately before the EST, during the exercise and at 2, 4
and 6 minutes of recovery were heart rate (HR), SAP, DAP and
pulse pressure (PP), and the double product (DP).

The ABPM was carried out in a Cardio Systems equipment
with the DYNAMAPA program, with an adequate cuff for the
individual’s arm and following the consensus recommendations’.
The mean interval between the EST and ABPM was 67 days. All
the individuals were submitted to the ABPM on a routine activity
day. The protocol used was the same for all participants and
included measurements every 15 minutes during wakefulness
and every 20 minutes during sleep.

The BP loads, BP means and systolic and diastolic descents
were measured during sleep. The values considered normal
for ABPM were the following:

- BP during wakefulness < 135 x 85mmHg;
- BP during sleep < 120 x 75mmHg;

- BP loads < 30%;

- 24-h systolic pressure mean < 130mmHg;
- 24-h diastolic pressure mean < 80mmHg;

- Systolic and diastolic descent during sleep between 10%
and 20%.

All ABPM measurements were submitted to the evaluation
of two different observers.

Statistical analysis was carried out by Student’s t test for
independent samples, in the comparison of quantitative data
between the HR and NR groups or by the non-parametric
Mann-Whitney test, when the variable presented a Gaussian
distribution. When the variance between the two groups,
when evaluated by the Bartlett test, was not similar, Student’s
t test was used for non-homogenous samples. To compare
the proportions of qualitative data, the Chi-square test was
used (0?) or Fischer exact test, when the first was not feasible.
Statistical significance was set at 5%. The statistical analysis was
carried out by the SAS” System statistical software.

Results

Anthropometric variables - The HR and NR groups were
comparable regarding the anthropometric variables with the
following respective means for age: 41.50 = 11.78 and 41.38
+ 11.55 years (p=0.97); weight: 76.16 = 15.55 and 68.69
+12.49 kg (p=0.11); height: 1.68 = 0.10 and 1.66 + 0.11
m (p=0.54) and BMI: 26.80 = 3.81 and 24.94 + 4.05 kg/m?
(p=0.14) (Table 1).

Family history of arterial hypertension - The groups did not
differ significantly regarding the presence of family history of
arterial hypertension (73.08% in the HR group and 53.33%
in the NR group, with p=0.19).

Office clinical variables - Regarding the basal clinical
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Table 1 - Anthropometric characteristics

Variable Group Mean += SD (p)Value
HR 41,50 + 11.78
Age yrs) NR 41.38 + 11.55 0.97
. HR 76.16 + 15.55
Weight (kg) NR 68.69 = 12.49 0.1
Height HR 1.68 £ 0.10 0.54
(meters) NR 1.66 = 0.11 :
HR 26.80 + 3.81
2
BMI (kg/m?* ) NR 24.94 + 4.05 014

HR - hyper-reactive; NR - normorreactive; BMI - body mass index.

variables, the HR group presented SAP (120.68 = 10.70
mmHg) and DAP (80.44 + 5.58 mmHg) means at the office
that were significantly higher when compared to the NR group
(SAP = 113.52 + 9.54 mmHg and DAP = 74.63 + 6.06
mmHg) with p= 0.03 and 0.002, respectively. PP (40.24 =
7.80 mmHg in the HR group and 38.90 + 6.99 mmHg in the
NR group) and HR (77.27 = 11.00 mmHg in the HR group
and 74.75 = 9.77 mmHg in the NR group) were similar in
both groups (p = 0.57 and 0.45, respectively - Table 2).

Echocardiogram variables - Regarding the variables at
the transthoracic echocardiogram, the HR and NR groups
were comparable, except for the absolute values of the AO
diameter (3.12 £ 0.34 cm vs 2.92 * 0.24 cm, respectively)
which, although were within the parameters of normality, were
significantly higher in the HR group (p=0.044) and the size of
the LA (3.38 = 0,30 cm and 3.19 = 0.42 cm, respectively),
which was also higher in the HR group, although without
reaching statistical significance (p= 0.08). When corrected
for the body surface area, the values of the AO (1.69 = 0.16
cm/m?in HR and 1.67 + 0.17 cm/m? in the NR group) and
of the LA (1.84 = 0.19 cm/m? in the HR and 1.82 = 0.22
cm/m? in the NR group) did not differ between the groups
(p= 0.73 and 0.79, respectively). The groups had similar LV
mass (134.39 = 37.42 g in the HR and 128.56 = 30.71 g
in the NR group) and LVMI (71.78 = 14.88 g/m?in the HR
and 73.02 = 16.10 g/m? in the NR group) and there were no
signs of ventricular remodeling or hypertrophy in any of the
patients enrolled in the study.

Table 2 - Office variables

Variable Group Mean = SD (p)Value
Casual systolic HR 120.68 = 10.70 0.03
BP (mmHg) NR 113.52 = 9.54 :
Casual diastolic HR 80.44 + 5.58 0.002
BP (mmHg) NR 74.63 * 6.06 ’
Pulse pressure HR 40.24 = 7.80 0.57
(mmHg) NR 38.90 = 6.99 :
HR 77.27 £ 11.00
Heart rate (bpm) NR 74.75 + 9.77 0.45

HR - hyper-reactive; NR - normorreactive; BP - blood pressure.
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EST variables - Regarding the pre-EST variables in the HR
and NR groups, the SAP (122.92 + 11.79 mmHgand 119.13
+ 8.58 mmHg), DAP (76.69 + 6.79 mmHg and 77.38 +
6.80 mmHg), the HR (83.19 + 13.96 bpm and 79.19 +
8,46 bpm) and the DP (10172 4+ 1663 and 9422 + 1121)
were comparable (p=0.27 / p=0.75/ p=0.25 and p=0.11,
respectively), whereas PP was significantly higher in the HR
group (46.23 + 7.88 mmHgand 41.75 + 4,12 mmHg, with
p= 0.02).

During the intra-stress period, the amount of metabolic
equivalents (METS) attained was similar (11.06 + 3.28 in the
HR and 11.01 + 2.35 in the NR group; p=0.95), indicating

that both groups were submitted to the same level of stress.
The DP (32431 + 5208 and 25999 + 4427 with p=0.0002),
SAP (193.08 + 27.68 mmHgand 153.00 + 18.33 mmHgwith
p<0.0001), DAP (103.77 4+ 11.92 mmHg and 85.75 + 7.00
mmHg with p=0.0001) and the PP (90.08 + 20.12 mmHg
and 67.25 + 17.07 mmHg with p=0.0005), obtained at the
stress peak were significantly higher in the HR group, as well
as during the recovery period (highest p=0.002). HR (113.74
+12.10 bpm and 109.80 4 9.56 bpm) did not differ between
the (p=0.29), as shown in Figures 1 and 2.

Ambulatory blood pressure monitoring variables - The
ABPM variables that showed to be significantly higher in
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Fig. 1 - Systolic blood pressure at the ergometric test. SAP - systolic arterial pressure; SD - standard deviation; Rec 2 - 2 minutes of recovery; Rec 4’ - 4 minutes of
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Fig. 2 - Diastolic arterial pressure at the ergometric test. DAP - diastolic arterial pressure; SD - standard deviation; Rec 2 - 2 minutes of recovery; Rec 4’ - 4 minutes
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the HR group were mean SAP (116.92 + 7.64 mmHg and
112.44 = 5.75 mmHg with p= 0.050) and the systolic
pressure load (SPL) during wakefulness (14.58 = 13.22%
and 4.44 = 5.77% with p= 0.011) and the SPL in 24 h
(12.46 = 12.11% and 3.88 = 4.16% with p= 0.017). The
diastolic pressure load (DPL) during sleep (11.54 + 15.87%
and 4.25 = 7.13% with p=0.077)) and the DPL in 24 h
(21.96 + 18.54% and 11.63 = 12.73% with p= 0.061) of
the HR group were also higher than those of the NR group,
although without statistical significance (p=0.061 and 0.077,
respectively) (Tables 3 and 4).

Discussion

The HRR, a physiopathological characteristic of the pre-
clinical stage of SAH, has been associated with the development
of target-organ injuries and a higher prevalence of future
sustained SAH**. The adjuvant pharmacological treatment of
HR individuals is not a consensus®, but physical fitness and the
control of modifiable risk factors for cardiovascular disease can
influence the development of SAH and these complications.

The ABPM allows the assessment of BP at rest and during
periods of physical and mental stress, when HR individuals

were predictable, considering the direct association between
elevated BMI and increased BP insulin resistance, diabetes
mellitus, dyslipidemia, left ventricular mass (LVM) and
morbimortality'®. Currently, it is very clear that the control of
risk factors for cardiovascular disease can modify the natural
history of hypertensive or potentially hypertensive individuals.
To invest in the weight control of HR individuals is mandatory,
as it is one of the most effective measures and of the highest
impact on the decrease of these complications.

Regarding the presence of family history of SAH, despite
being more frequent in the HR group, no statistical significance
was observed in relation to this parameter. This finding can be
explained by the data collection attained through interviews
made directly with the research subject and not by the direct
evaluation of family members.

No significant alterations were observed in the clinical
assessment of the studied population. The fundoscopic
examination was normal except in one patient with
hypothyroidism with significant HRR at stress that presented
some arteriovenous crossing points, which are common findings
to SAH and atherosclerosis. The presence of target-organ lesions
in HR individuals is controversial in literature'"'3.

Table 3 - Ambulatory blood pressure monitoring variables

Variable Group Mean = SD Median (p) value
SPL wakefulness (%) * 0 Mooz B 0.011
DPL wakefulness (%) * EE ?i;g i f‘;g? 275:60 0.10
SELEED ) - EE 82'.38581132.5956 g:g 0.25
EE nae 2
2
Systolic descent (%) :E Bg; i iZ? lig 0.83
Diastolic descent (%) :E 11;’1737 ;_f ;}9338 lgg 0.89

HR - hyper-reactive; NR - normorreactive; SPL - systolic pressure load; DPL - diastolic pressure load. * Non-parametric Mann-Whitney test.

usually demonstrate hyper-reactivity. It has a closer association
with target-organ lesions than casual measurements® and can
help in the therapeutic decision-making of these individuals.

Despite the statistical similarity between the groups
regarding the anthropometrical variables, the HR group had
more individuals whose BMI was above the reference values
with 19.23% obese and 57.69% overweight individuals vs
12.5% obese and 25% overweight individuals in the NR
group. It is worth mentioning that body weight control in
the sample was not the aim of the study. The results obtained
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Table 4 - Other variables of ambulatory blood pressure monitoring

Variable Group Mean + SD (p) value
Systolic mean HR 116.92 + 7.64 0.050
(mmHg) NR 112.44 = 5.75 ’
Diastolic mean HR 7431 = 5.83 016
(mmHg) NR 71.81 = 4.90 ’

HR - hyper-reactive; NR - normorreactive.
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The SAP constitutes an important marker of cardiovascular
morbimortality risk. Its reduction to 12 - 13 mmHg minimized
the risk of coronary artery disease in 21%, of stroke in 37%, of
terminal renal disease in 13% and total cardiovascular mortality
in 25% after 4 years of follow-up, in an observational study'.
The SAP and DAP means in the present study were significantly
higher in the HR group, although they remained within the
reference values. These findings corroborate those by some
authors that observed a higher casual BP in these individuals,
which was not influenced by gender or race, in comparison
to NR individuals, even after five years of follow-up'.

The echocardiogram showed that the absolute value of
the aorta diameter was significantly higher in the HR group.
The left atrium size was also larger in this group, although
there was no statistical significance. These results yielded the
hypothesis that there is an association between the aorta and
the left atrium dilation and BP hyper-reactivity. The adjustment
of these values for the body surface area, however, showed
that the groups were comparable. The ventricular geometry
and the systolic and diastolic function indexes were within
the reference parameters and there was no sign of left
ventricular remodeling or hypertrophy (LVH) in any of the
study participants. These results support those by Cardillo™
and by Herkenhoff'” who did not find either geometric or
functional alterations of the LV in these individuals, in the
absence of significant BP increase at ABPM. Other authors,
however, observed a significant and independent association
between left ventricular mass and maximum BP at stress''.
Such controversies observed in the echocardiographic
correlations with HRR at stress'''* might be related to the
method subjectivity, the cutoff values used to define SAH and
HRR at stress and the sample variability, as well as to some
co-variables such as age, body mass and BP at rest.

In the pre-stress phase of the EST, SAP, DAP, DP and HR
were similar between the groups, whereas PP was significantly
higher in the HR group. This result acquires significance as
PP in all EST phases shows to be an important determinant of
LVM'8. Additionally, the study by Framingham' showed that
the widening of PP was more effective than SAP and DAP in
predicting coronary artery disease.

The BP in the anticipatory phase of the EST has been
directly and positively associated with BP at the stress peak®
and with a higher probability of future sustained SAH*. In
agreement with these data, all individuals with borderline BP
in the present study developed HRR at stress.

The BP at stress is more effective than the casual
measurement in the identification of potentially hypertensive
individuals®?*® and is better correlated with cardiovascular
morbimortality>2°. In this study, the values of SAP, DAP, DP and
PP at stress peak were significantly higher in the HR group.
These results were expected, considering the stratification of
the groups from the BP values attained at this phase and they
demonstrate a distinct and characteristic behavior of these
individuals during stress, which has been ascribed to the
autonomic dysfunction®. The HR at the stress peak did not
differ between the groups, in agreement with the findings by
Bendersky et al*'.

The HR individuals sustained values of SAP DAP, PP and DP

that were higher than those exhibited by the NR individuals
during all of the recovery phase, with no significant difference
regarding HR. These results corroborate findings in literature,
which show that HR individuals present impaired vasodilation
at physical exertion, caused by the endothelial dysfunction®
that can extend to the recovery period and manifest in the
early stages of SAH. In normotensive individuals, the delay
in BP recovery immediately after the EST predicts SAH?,
whereas the slow return of the HR in the first minute post-
exertion constitutes an independent death predictor??. The
SAP elevations in the third minute of the recovery phase' and
SAP and DAP elevations after four minutes of the recovery
phase® are related to a higher risk of SAH. The SAP at the
third minute of the recovery phase that is higher than peak
BP has also shown to be an important predictor of coronary
artery disease®. Considering all these data, the fundamental
importance of the EST in the identification of individuals
with a higher chance of developing SAH and cardiovascular
complications is observed through the differentiated and
more persistent responses of the HR individuals, also possibly
observed in physical and mental stress moments.

Considering the parameters currently used as reference, the
ABPM was not able to stratify the groups within and outside
these limits, but it identified discriminating characteristics in
HR individuals. The SAP mean as well as SPL in wakefulness
and SPL in 24 hours were significantly higher in the HR group,
although within the reference range, confirming the findings
by Nazar et al*), who observed an association between SAP
at stress with the 24-hour mean and SAP during wakefulness.
These results reinforce the hypothesis of a sympathetic hyper-
reactivity in HR individuals*, corroborated by the elevation
of the diurnal parameters and their normality during sleep.
Lima et al** observed BP values during the wakefulness period,
duringsleep and in 24 h, as well as mean BP in 24 h that were
significantly higher in HR individuals.

The study by Marsaro et al** showed that the NR and HR
individuals presented similar BP means at two subsequent
monitoring episodes, whereas the systolic measurements
during sleep and SPL in 24 h were significantly more elevated
in the HR group.

Verdecchia et al. correlated the cardiovascular risk directly
with SAP DAP and PP to ABPM? and with the difference
between BP at ABPM and casual BP?7.

The absence of pressure descent during sleep has been
attributed to an autonomic nervous dysfunction and associated
with cardiovascular risk?” and with target-organ lesions, especially
left ventricular mass?, silent stroke?® and microalbuminuria®. IN
the present study, there was no significant difference between
the groups regarding BP descent.

The participants of this study, although randomly referred by
professionals from other services, were coincidentally all White
Caucasians and had no evidence of other concomitant diseases,
which limits the extrapolation of the results to other racial groups
and patients with other associated comorbidities.

The ABPM is more effective than the casual BP measurement
in the control of individuals with SAH and even influences
treatment in 30-40% of the cases, showing the potential
economic impact that this method can have on SAH

Arq Bras Cardiol 2007; 88(5) : 500-507

506



507

Oliveira et al
ABPM and casual blood pressure in hyper-reactive individuals

Original Article

treatment®. The broader use of the examination in clinical
practice is recent. As this is a relatively new method, not all the
criteria of normality have been well established. The standard
deviation of the BP means, used to evaluate the variability of
BP in ABPM, for instance, is considered inappropriate and
there are still no criteria for its interpretation, despite the
evidence of its association with target-organ lesions.

The linear association between BP increase and the
cardiovascular risk, currently well-established, has led to the
search for increasingly lower limits of normality for BP. Some
criteria of ABPM normality have also been modified after
the data collection phase of this study. Additional reductions
in these parameters can be significant in the differentiation
between HR and NR individuals.

The fact that SAH is still underdiagnosed seems to be caused
by the lack of information on the part of the population, the
difficulty in accessing healthcare services by a large part of the
population and the insidious and asymptomatic course of the
disease, which causes hypertensive individuals to forfeit medical
attention. This great difficulty regarding the early diagnosis
of these individuals can be extrapolated into treatment and
treatment adherence. Thus, it becomes difficult to envision
that patients that are HR at stress with normal BP at rest have
a reasonable chance of being identified at the early stages,
considering the primary care of Public Health. Some points have
been well defined regarding these individuals and among them,
their higher risk in developing future SAH and cardiovascular
events. Therefore, this group deserves all efforts concerning an
early identification, aiming at primary prevention with prognosis
improvement. In order to do so, we must improve the currently

References

1. Kannel WB. Blood presssure as a cardiovascular risk factor. JAMA.
1996;275(20):1571-6.

2. Sociedade Brasileira de Hipertensao, Sociedade Brasileira de Cardiologia,
Sociedade Brasileira de Nefrologia. Ill Consenso Brasileiro de Hipertensao
Arterial. Rev Bras Hipert. 1998;1 Supl:1-38.

3. Sociedade Brasileira de Hipertensao, Sociedade Brasileira de Cardiologia,
Sociedade Brasileira de Nefrologia. Il Diretrizes sobre Teste Ergométrico. Arq
Bras Cardiol. 2002;78(5 Supl I1):111-1118.

4. Singh JP, Larson MG, Manolio TA, et al. Blood pressure response during
treadmill testing as a risk factor for new-onset hypertension. Circulation.
1999;99(14):1831-6.

5. MundalR, Kjeldsen SE, Sandvik L, Erikssen G, Thaulow E, Erikssen J. Exercise
blood pressure predicts mortality from myocardial infarction. Hypertension.
1996;27(3 Pt 1):324-9.

6. Molina L, Elosua R, Marrugat J, Pons S. MARATHOM Investigators. Medida
de la Actividad fisica y su Relacion Ambiental con Todos los lipidos en
el HOMbre. Relation of maximum blood pressure during exercise and
regular physical activity in normotensive men with left ventricular mass and
hypertrophy. Am J Cardiol. 1999;84(8):890-3.

7. Sociedade Brasileira de Hipertensao, Sociedade Brasileira de Cardiologia,
Sociedade Brasileira de Nefrologia. Il Diretrizes para Uso da Monitorizagao
Ambulatorial da Pressao Arterial. Rev Bras Hipertens. 2001;4(1):6-22.

8. Joint National Committee on Detection, Evaluation, and Treatment of High
Blood Pressure. The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure.

Arq Bras Cardiol 2007; 88(5) : 500-507

available methods, aiming at increasing its sensitivity and
availability. Considering how much the EST and ABPM can be of
assistance in diagnosis, treatment and follow-up of hypertensive
and potential future hypertensive individuals, it becomes clear
the need for a broader access of higher risk patients to these
methods. It is also necessary to make the population aware of
the disease and promote political sensibilization to guarantee
medical care.

In conclusion, the present study shows that HR individuals
presented a SAP mean and SPL during wakefulness and in 24
hrs higher than those exhibited by NR individuals at ABPM.
The more elevated BP levels had a positive correlation with
the HRR at stress. The early identification of individuals with
more elevated casual BP and, therefore, with a higher risk of
developing HRR, can signalize the necessity to have a more
directed investigation and approach of this population. This
can also influence the decision of requesting higher-cost
examinations such as EST and ABPM, with a preventive,
diagnostic and therapeutic applicability.

Acknowledgements

To Dr. Lauro Sérgio de Oliveira for the review of the
ABPM results and Dra. Marilza Emerich for performing the
echocardiograms.

Potential Conflict of Interest

No potential conflict of interest relevant to this article
was reported.

The JNC VII Report. JAMA. 2003;289(19):2560-72.

9. Palatini P Penzo M, Racioppa A, et al. Clinical relevance of nightime blood
pressure and of daytime blood pressure variability. Arch Intern Med.
1992;142(9):1855-60.

10. Levy D, Garrison RJ, Savege DD, Kannel WB, Castelli WP. Prognostic
implications of echocardiographically determined left ventricular mass in
the Framingham Heart Study. N Engl ) Med. 1990;322(22):1561-6.

11. Michelsen S, Knutsen KM, Stugaard M, Otterstad JE. Is left ventricular mass in
apparently healthy, normotensive men correlated to maximal blood pressure
during exercise? Eur Heart ). 1990;11(3):241-8.

12. Herkenhoff L, Lima EG, Gongalves RA, Souza AC, Vasquez EC, Mill JG.
Doppler echocardiographic indexes and 24-h ambulatory blood pressure
data in sedentary middle-aged men presenting exaggerated blood
pressure response during dynamical exercise test. Clin Exp Hypertens.
1997;19(7):1101-16.

13. Markovitz JH, Raczynski JM, Lewis CE, et al. Lack of independent relationships
between left ventricular mass and cardiovascular reactivity to physical and
psychological stress in the Coronary Artery Risk Development in Young Adults
(CARDIA) Study. Am J Hypertens. 1996;9(9):915-23.

14. Franklin SS, Khan AS, Wong ND, Larson MG, Levy D. Is pulse pressure useful
in predicting risk of coronary heart disease? The Framingham Heart Study.
Circulation. 1999;100(4):354-60.

15. Manolio TA, Burke GL, Savage PJ, Sidney S, Gardin JM, Oberman A. Exercise
blood pressure response and 5-year risk of elevated blood pressure ina cohort
of young adults: the CARDIA study. Am J Hypertens. 1994;7(3):234-41.



Oliveira et al
ABPM and casual blood pressure in hyper-reactive individuals

Original Article

1

1

1

1

2

2

2

2

6.

~

8

9.

0.

-

2.

w

Cardillo C, Degen C, De Felice F, Folli G. Relationship of stress testing blood
pressure with electrocardiographic and fundoscopy indices of hypertensive
end-organ damage. Clin Exp Hypertens. 1992;14(3):469-88.

. Herkenhoff FL, Vasquez EC, Mill JF, Lima EG. Ambulatory blood pressure

and Doppler echocardiographic indexes of borderline hypertensive men
presenting an exaggerated blood pressure response during dynamic exercise.
Braz ) Med Biol Res. 2001;34(10):1285-93.

. Kokkinos PF, Andreas PE, Coutoulakis E, et al. Determinants of exercise

blood pressure response in normotensive and hypertensive women: role of
cardiorespiratory fitness. ] Cardiopulm Rehab. 2002;22:178-83.

Franklin SS, Khan AS, Wong ND, Larson MG, Levy D. Is pulse pressure useful
in predicting risk of coronary heart disease? The Framingham Heart Study.
Circulation. 1999;100(4):354-60.

Kokkinos PF, Andreas PE, Coutoulakis E, et al. Determinants of exercise
blood pressure response in normotensive and hypertensive women: role of
cardiorespiratory fitness. ] Cardiopulm Rehab. 2002;22:178-83.

. Bendersky MA, Nigro DR, Sgammini HO, Fordan AR, Nota CA, Kuschnir E.

Valoracion de sujetos con respuesta tensional hiperreactiva al esfuerzo fisico.
Arq Bras Cardiol. 1986;46(1):33-9.

Cole CR, Blackstone EH, Pashow FJ, Snader MA, Lauer MS. Heart rate
recovery immediately after exercise as a predictor of mortality. N Engl) Med.
1999;341(18):1351-7.

. Nazar K, Kaciuba-Uscilko H, Ziemba W, et al. Physiological characteristics

24,

25.

26.

27.

28.

29.

30.

and hormonal profile of young normotensive men with exaggerated blood
pressure response to exercise. Clin Physiol. 1997;17(1):1-18.

Lima EG, Spritzer N, Herkenhoff FL, Bermudes A, Vasquez EC. Noninvasive
ambulatory 24-hour blood pressure in patients with high normal blood
pressure and exaggerated systolic pressure response to exercise. Hypertension.
1995;26(6 Pt2):1121-4.

Marsaro EA, Vasquez EC, Lima EG. Avaliagao da pressao arterial em individuos
normais e hiper-reatores. Um estudo comparativo dos métodos de medidas
casual e da MAPA. Arq Bras Cardiol. 1996;67(5):319-24.

Verdecchia P, Schillaci G, Borgioni C, Ciucci A, Pede S, Porcellati C.
Ambulatory pulse pressure. Hypertension. 1998;32(6):983-8.

Verdecchia P, Prognostic value of ambulatory blood pressure. Hypertension.
2000;35(3):844-51.

Kario K, Matsuo T, Kobayashi H, Imiya M, Matsuo M, Shimada K. Nocturnal
fall of blood pressure and silent cerebrovascular damage in elderly
hypertensive patients. Advanced silent cerebrovascular damage in extreme
dippers. Hypertension. 1996;27(1):130-5.

Bianchi S, Bigazzi R, Baldari G, Sgherri G, Campese VM. Diurnal variations
of blood pressure and microalbuminuria in essential hypertension. Am
Hypertens. 1994;7(1):23-9.

Simon P. Mesure ambulatoire de la pression artérielle. Presse Med.
1994;23(27):1241-2.

Arq Bras Cardiol 2007; 88(5) : 500-507

508



