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Cardiovascular diseases (CVD) are the main cause of morbidity and
mortality in the general population [1]. Hypertension is awell established
risk factor for the development of CVD, and its incidence increases with
age [2]. Resistance exercise, dynamic [3,4] or isometric [5–7] have been
used in the treatment of hypertension. However it is still not clear which
is the impact of a session of isometric resistance exercise (IRE) in blood
pressure (BP), i.e., its acute effect.

According to Hagberg et al. [8], there is concern regarding that this
type of exercise increases BP and is not a conditioning exercise, like the
dynamic exercise, which is a conditioning exercise, and lowers resting BP
and heart rate (HR). O'Hare andMurnaghan [9] pointed the risks of IRE in
individuals with compromised cardiovascular function, including elderly
people, or potentially compromised, such as left ventricule dysfunction,
CVD, cardiomyopathy, aortic dilation and others, although IRE cronically
decreases BP [10].

This spectrum becomes evenmore important because there has been
a craze inwhich body fitness and isometric exercises are performed daily
by many people in fitness centers or at home regardless of BP levels [11].

A total of 24 normotensive healthy individuals, males, aged 20–
40 years, physically activewere included. The studywas conducted at the
Health and Physical Activity Laboratory, Physical Exercises and Sports
Institute, Federal University of Ceará, Fortaleza, Ceará, Brazil. All
participants underwent an IRE session. One day before the exercise, a
maximum voluntary contraction (MVC) test was done, with 10 maximal
repetitions (RM) [12]. After MCV test they were randomized in three
groups: (LI) low intensity and low duration, characterized as low
intensity; (MI)high intensityand lowduration, characterizedasmoderate
intensity; and (HI) low intensity and high duration, characterized as high
intensity. In both programs the participants performed exercise one time.
Each group performed IRE protocol: LI (20% intensity, 3 series, duration
30 s for each sets) (sets compositionwith threemuscular actions of 10 s of
three different angle contractions), 1 min of interval between the series,
exercise Leg Press Inclinade (45°); MI (20% intensity, 3 series, duration
1 min each series) (series compositionwith onemuscular action,1 min of
angle contraction),1 min of interval between the series, exercise Leg Press
Inclinade (45°); HI (60% intensity, 3 series, 30 s duration for each
series) (series composition with three muscular actions of 10 s of
contraction in three different angles), 1 min of interval between the
series, exercise Leg Press Inclinade (45°). All participants underwent a
MCV test, which is themaximumnumber of repetitions by series that can
be done with the correct technique, with a given charge. The higher
charge that can be used in an exercise repetition is considered 1-RM.

Table 1
Baseline characteristics of the subjects in the study, in their respective groups.

Characteristics HI (n = 8) MI (n = 8) LI (n = 8) p

Age (years) 30.6 ± 6.2 31.6 ± 6.6 27.5 ± 4.6 0.35
Body mass (kg) 74.4 ± 8.6 72.3 ± 13.9 74.2 ± 15.8 0.93
Height (m) 174.4 ± 3.9 171.8 ± 9.1 169.6 ± 8.5 0.46
BMI (kg/m2) 24.7 ± 2.6 24.2 ± 2.7 25.5 ± 3.1 0.64
HR (beats/min) 78.4 ± 11.0 88.4 ± 13.8 83.3 ± 15.0 0.34
MBP (mm Hg) 89.6 ± 12.8 93.9 ± 11.4 81.9 ± 9.8 0.39
MVC (kg) 253.9 ± 68.8 273.7 ± 56.2 224.6 ± 64.9 0.31

Note: values are means ± SD.
Abbreviations: BMI: body mass index. HR: heart rate. MBP: medium blood pressure.
MVC: maximal voluntary contraction.

⁎ Corresponding author at: Instituto de Educação Física e Esportes, Universidade
Federal do Ceará, Campus do Pici, Bloco 320, Av.Mister Hull, S/N. CEP 60455-760, Fortaleza,
Ceará, Brazil. Tel.: +55 85 33669533.

E-mail addresses: carlosas@ymail.com (C.A. da Silva),
geraldobezerrajr@yahoo.com.br (G.B. Silva).
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As shown inTable 1, the three groups presented similar characteristics.
There was no significant difference between the groups regarding age,
MBP, MVC and height (Table 1). In all the groups there was a significant
increase inHR in all the series regarding the interval period. Fig.1 presents
the results verified post hoc in the evolution of IRE execution in the three
protocols. Itwas observed thatonly theHIprotocol had an influence in the
number of series and/or work charge, generating a cardiovascular
response with very elevated magnitude (p b 0.01), which did not occur
in the groups LI and MI. The cumulative effect of the series seems to
generate fatigue, increasing HR, probably to compensate the exercised
muscle. This seems to occurmore frequently according to themuscle size
(the larger the exercisedmuscle the higher the effects onHR). The results
of BPas a result of IRE session showedmore sensitive, as showed inTable2
andFig. 2. In SBP therewasa significantdifference in LI groupcompared to
HI (1 setof LI to3 sets ofHIp b 0.001), butnotbetweenLI andMI, showing
that IRE training with high intensity increases the cardiovascular risk. In
DBP there was a significant difference in group HI (1 set of HI to 3 sets of
HI, p b 0.04) and between the groups, indicating that in groupsMI andHI
the individuals are exposed to a higher cardiovascular risk (1 set of LI to 3
sets of MI, p b 0.04, and 1 set of LI to 3 sets of HI, p b 0.003). InMBP, there
was a significant difference to groupsMI andHI comparedwith LI (1 set of
LI to 3 sets ofMI, p b 0.02, and 1 set of LI to 3 sets ofHI, p b 0.01), aswell as
in group HI (1 set of HI to 3 sets of HI, p b 0.01), showing a higher risk
when practicing IRE with moderate and high intensities (Fig. 3). In DP
there was a significant difference in group HI (1 set of HI to 3 sets of HI,
p b 0.05) and between groups BI and HI (1 set of LI to 3 sets of HI,
p b 0.05), showing an important effect similar to BP, evidencing an
increased risk of executing IRE with high intensity. The main finding in
the present study was that IRE generates an imminent cardiovascular
risk during its execution and progressively increases BP if executed
with high intensity (charge b 70% MVC) in healthy normotensive
individuals. The cumulative increase in the number of series also
seems to increase BP.

This increase in BP during the execution of acute IRE seems to be
mainly due to an increase in cardiac output (CO), and not due to increase
in peripheral vascular resistance (PVR). These findings generate inter-
esting information, which justifies a better control of the performance of
IRE in healthy places, mainly when the individual health status is not
known. It is thenworth to reinforce that if it is indicated, the execution of
IRE should be done with low intensity (charge≥ 30% MVC) and fast
execution (10 and 15 s). Ta
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Fig. 1. Graphic representation of the heart rate values as a function of isometric exercise
in groups during the sets.*Significant difference between 1 set to 3 sets in HI group
(p b 0.01).
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Fig. 2. Graphic representation of the systolic blood pressure, diastolic blood pressure and medium blood pressure values as a function of isometric exercise in groups during the
sets.SBP: *difference between 1 set LI to 2 sets HI group (p b 0.034); and difference between † 1 set and 2 sets of LI to 3 sets of HI group (p b 0.01). DBP: *difference between 1 set HI
to 3 sets of HI group (p b 0.04); #difference between 1 set LI to 2 sets of HI group (p b 0.02); †difference between 1 set LI to 3 sets of HI group (p b 0.003); difference between 1 set LI
to 2 sets of MI group (p b 0.04); §difference between 1 set LI to 3 sets of MI group (p b 0.04); ∞difference between 1 set LI to 2 sets of LI (p b 0.004); $difference between 1 set LI to 3
sets of LI (p b 0.0004). MBP:*Difference between 1 set HI to 3 sets of HI (p b 0.010); #difference between 1 set LI to 2 sets of HI (p b 0.01); †Difference between 2 sets of LI to 3 sets of
HI (p b 0.03); difference between 1 set of LI to 3 sets of MI (p b 0.02); §difference between 1 set of LI to 3 sets of LI (p b 0.003).
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To the Editor,

In humans, monocytes display heterogenicity related to the surface
expression of the lipopolysaccharide receptor (CD14) and the lowaffinity
FCgamma-receptor-III (CD16) which results in the presence of three
subsets: classical (CD14++/CD16-), intermediate (CD14++/CD16+)

and non-classical (CD14+/CD16++)monocytes. The association of the
different subsets with cardiovascular disorders is highly debated;
classical monocytes CD14++/CD16- predict cardiovascular events in a
randomly selected population [1], but a recent report by Rogacev KS et
al. [2] showed that CD14++/CD16+ intermediate but not classical
monocytes are the best predictor in subjects referred for elective
coronary angiography. These contrasting findings might indicate that
specific monocyte subsets could be enriched under different inflamma-
tory conditions associated to cardiovascular disorders and prompt the
need for a detailed subset analysis in specific CVD contexts.

Among these, lowhigh-density lipoprotein cholesterol (HDL-C) levels
are associated to increased inflammation and coronary heart disease
(CHD) [3] and therefore we aimed to study the distribution of different
monocyte subsets in relation to HDL-C plasma levels particularly in the
context of hypoalphalipoproteinemia. First we analyzed the correlation
betweenmonocyte subsets andHDL in subjects randomly selected froma
population enrolled in a longitudinal observational study (PLIC study [4];
the informed consent was obtained from each patient and the study
protocol conforms to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by the institution's human
research committee) and observed an inverse correlation between the
percentage of classicalmonocytes and the levels of HDL cholesterol and a
direct correlation between the percentage of the “non-classical” mono-
cyteswithHDL cholesterol (Fig.1A and B). No correlation of HDLwith the

Fig. 3. Graphic representation of the double product (product of blood pressure by heart
rate — RPP) values as a function of isometric exercise in groups during the
sets.*Difference between 1 set to 3 sets of LI group (p b 0.05); #Difference between 2
sets of LI to 1 set of HI group (p b 0.01); difference between 3 sets of HI to † 1 set of HI
group, § 1 set of LI, 2 sets of LI (p b 0.05).
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