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ABSTRACT 
The purpose of this work is to identify in the 
anthropometrical indicators used here in this 
study the percentage of body fat, the body mass 
index (BMI) and the waist-hip ratio (WHR), which 
present a correlation with the metabolic varia- 
bles of heart rate, blood pressure (systolic and 
diastolic) and double product. A population of 69 
subjects averaging 41.7 ± 6.6 years old had their 
data registered by applying the Bruce Protocol 
modified to calculate metabolic variables; to ob- 
tain the percentage of fat, the formula of Petro- 
ski was used. The data collected received stati- 
stical treatment by the “Statistical 5.0” program 
with correlation being made by the calculation of 
the simple coefficient of Pearson “r” by means 
of a statistical significance test (p < 0.05). In the 
results, heart rate appeared to be correlated es- 
sentially with the intensity of force, associating 
itself with the percentage of fat and the BMI. 
Blood pressure presented a good correlation 
with the BMI, principally in the female group. In 
the male group, the anthropometrical indicator 
that had major associations with blood pressure 
was the WHR, showing an association between 
the pattern of male body fat distribution (android) 
and blood pressure. The double-product had a 
major correlation with the BMI; however, this 
variable really reflects the work of the myocar- 
dium since the BMI is the only indicator used 
here that includes lean mass in its values. The 
time spent on the treadmill was correlated in a 
negative way only with the percentage of fat; in 
other words, the greater the percentage, the 

lesser time spent on the treadmill. 
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1. INTRODUCTION 
The number of depolarizations of the sinoatrial node 

(SA) normally represents heart rate during the period of 
one minute. The heart rate is one of the cardiovascular 
parameters most affected by exercise, and due to being 
easy to measure, it is very frequently studied [1]. At the 
beginning of exercise, or even a little before, cardiovas-
cular activity is activated by the neural centers above the 
bulbar region. Regional blood flux is altered in direct 
proportion to the intensity of the exercise due to adjust-
ments that cause a significant increase of frequency and 
pumping force of the heart [2,3]. 

The power that moves blood through the circulatory 
system is pressure that makes blood flow from a high- 
pressure area to a low-pressure one. This pressure fluc-
tuates in the arteries, and for this reason, the greatest 
pressure obtained is called “systolic pressure” and the 
lowest “diastolic pressure”. Effects observed during ex-
ercise, like increased cardiac debt resulting from in-
creases in ejection volume and in cardiac beats generated 
by nerve and hormone influences, end up raising blood 
pressure. The diastolic pressure is less altered than sys-
tolic pressure by the greater amount of blood drained by 
the arteries through the arterioles and to the interior of 
the muscular capillaries. High blood pressure, systolic as 
well as diastolic, is referred to hypertension. This high 
arterial pressure is associated with numerous circulatory  
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diseases [4]. Pressure is exerted by blood in the entire 
vascular system, being greater in the arteries where it can 
be measured for use as a health indicator [5-7]. 

The oxygen (O2) supply should meet the demands of 
the myocardium so that its functioning is not threatened. 
Availability of O2 during exercise ought to be optimum 
for answering the demands caused by activity. The 
Double Product is obtained by the multiplication of the 
Heart Rate × Systolic Arterial Pressure, and it presents a 
significant correlation with the consumption of oxygen 
by the myocardium, thus: 

HR × SBP = Double Product [8] 
There is a close relationship between excessive body 

fat and non-transmissible chronic diseases, like high 
blood pressure, coronary diseases, diabetes, lipidoses, 
some types of cancer and osteoarthrites that represent in 
the country almost half of the deaths [9]. Development of 
negative complications associated to excessive body fat 
is directly related to the amount of total fat [5,10] as well 
as to the distribution of this fat throughout the body [2, 
11]. 

Among the most commonly used methods for anthro-
pometrical measurement, there are calibration of the 
thickness of cutaneous folds (TCF) that estimates the 
total amount of body fat; the body mass corporal (BMI) 
that considers total body weight (Kg) of individuals rela-
tive to their height (m) [12,13]; and the waist/hips ratio 
(WHR) that has the purpose of estimating the amount of 
subcutaneous and internal fat by means of the relation 
between the circumferences at the umbilical and hip lev-
el [2]. These methodologies are a simple way to deter-
mine anthropometrical values, cost little and facilitate 
application [14]. 

Stored fat above the average pattern values is charac-
teristic of an obese situation. Obesity can be a primary 
risk factor for coronary pathology as well as exercise its 
influence through other risk factors like high blood pres-
sure, diabetes, less plasmatic concentration of high-den- 
sity cholesterol (HDL) and hypercholesterolemia. There 
is a clear relation between hypertension and obesity in a 
casual way: it imposes a considerable risk for cerebral 
vascular accidents and the development of a situation of 
congestive cardiac insufficiency [12]. The authors relate 
that in Americans between 20 and 44 years old with 
excess weight, there was a risk observed 5.6 times higher 
for developing hypertension and 3.8 times more for di-
abetes in relation to those of the same age with normal 
weight. 

Another anthropometrical indicator utilized frequently 
by practitioners and researchers is the body mass corpor-
al (BMI) because it relates body weight (mass) with 
height, and evaluates “normality” of the individual’s body 
weight. The BMI is important because of its line curve 
relation with mortality from all causes; with a greater 

BMI, the risk of cardiovascular complications (including 
high blood pressure), diabetes and renal disease increases 
[2]. 

BMI = Body weight (Kg)/Height2 (m) 
In 1947, there arose the hypothesis of the importance 

of the distribution of body fat in clinical evaluation of 
obese patients that was confirmed in subsequent epide-
miological studies. Android obesity (male pattern or cen-
tral obesity), characterized by predominantly abdominal 
fat accumulation, is found principally among fat patients 
with hypertension, type 2 diabetes and coronary pathol-
ogy. Offering less significant risk to health, gynoid obes-
ity (female pattern or peripheral obesity) is characterized 
by greater deposits of excess fat in the gluteal and fe-
moral regions [2]. 

This work intends to relate the behavior of metabolic 
variables of heart rate (HR), systolic blood pressure 
(SBP), diastolic blood pressure (DBP) and double prod-
uct both in situations of rest and exertion (stages 1 and 2) 
using anthropometrical indicators as signs of health. 

2. MATERIAL AND METHOD 
The population studied in this work consists of adults 

between 28 and 57 years old with the average age of the 
whole group being 41.7 ± 6.6 years old (men = 42.2 ± 6 
with a variation between 29 and 51 years old and women 
= 41.3 ± 7.3, varying between 28 and 57 years old). This 
group is composed of workers of the State University of 
Campinas of both sexes, being n = 69 total (n = 33 men 
and n = 36 women). 

We used the Ergometry-TEB System, which is formed 
by an Ergometer APEX 2200 Treadmill, two monitors, 
configured for 06 protocols, and others that meet the 
limits of speed and tilt of the system. The system is pre-
pared to act in automatic, semi-automatic or emergency 
stop. It is a system made up of 13 simultaneous channels 
and allows the performance of exercise tests with the 
classic configuration of the three leads MV5, D2M and 
V2M, which is the configuration used. This System starts 
with the speed of 1.5 mph containing 07 stages. 

For collecting data, the modified Bruce protocol was 
used. Its characteristics permitted a model in which we 
employ progressive loads by varying velocity and in- 
clination in 3-minute stages. Since this deals with a 
method of great increment of work (approximately three 
METs) per stage, it must be applied with caution in 
cardiac or sedentary patients in bad physical condition. 
Because it was applied to a population of workers in 
various areas of UNICAMP, all of whom were adults, it 
was adjusted to these people so that the risk was kept at a 
minimum in the light of lack of information about their 
physical condition in Table 1. 
Source: [15]. 

A pre-exertion stage was also made to improve adap-  
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Table 1. Description of the modified Bruce protocol, presenting 
characteristics of all its stages. 

Stages Mph % of inclination Minutes 

1 1.7 0% 3 

2 1.7 10% 3 

3 2.5 12% 3 

4 3.4 14% 3 

5 4.2 16% 3 

6 5.0 18% 3 

7 5.5 20% 3 

 
tation to activity; after the test, four stages of recupera-
tion were made, accompanied by monitoring heartbeats 
and arterial pressure. Values at rest were calibrated after 
the subject sat for 5 (five) minutes. To ascertain the per-
centage of fat, the Formula of Petroski was used because 
it is considered more adequate for the population in 
question. Values of corporal density were obtained, and 
then the Formula of Siri transformed these values into 
percentages. 

To calibrate arterial pressure, a Certified sphygmo-
manometer and a Fleischer Duoo-Sonic stethoscope was 
utilized. For heart rate, a Polar Vantage N frequency 
meter was used.  

The “Statistical 5.0” program processed information 
statistically. The Pearson “r” simple correlation calcula-
tion was used to verify anthropometrical indicators (in-
dependent variables) that were associated with metabolic 
variables (dependent variables). The relation between 
these variables was analyzed by means of a statistical 
significance test (p < 0.05). 

3. RESULTS 
Analysis of results was based on the anthropometrical 

indicators of thickness of cutaneous folds (TCF), body 
mass corporal (BMI) and the waist-hips ratio (WHR) that 
in this case are independent variables because they do 
not suffer significant alterations during the application of 
the tests. These anthropometrical indicators were corre-
lated by the Pearson coefficient with the metabolic va-  

riables of heart beats, systolic, diastolic and double pro- 
duct arterial pressure that in this situation are dependent 
variables because they suffer the influence of other fac-
tors and are significantly altered while applying the test. 
Values that presented correlation are accompanied with 
an asterisk “*” in (Table 2). 

Thickness of the Cutaneous Folds (TCF) 
As it could be expected, the heart rate had its correla-

tion increased during the application of the test more in 
function of the increased demand for force than by pre-
senting a correlation with TCF since this correlation did 
not occur at rest. Arterial pressure presented the correla-
tion in practically all situations, indicating a tendency to 
have its levels related to TCF. For the same intensity of 
force, greater hear rate indicates less cardio-respiratory 
aptitude [16]. Due to this behavior of arterial pressure in 
the case of the systolic, the double product always pre-
sented the correlation with TCF, even when the heart rate 
did not present it as being at rest. 

Body Mass Index (BMI) 
[11] verified in their studies that information related to 

body mass index (BMI) were those that produced greater 
associated with systolic and diastolic arterial pressure 
with similar statistical values in both sexes, which re-
veals a substantial impact of being overweight on arterial 
pressure levels (Table 3).  

Waist-Hips Ratio (WHR) 
The magnitude of the relation between greater accu-

mulation of fat in the central region of the body, and le-
vels of arterial pressure can suffer variations in function 
of the amount of body fat and the impact of practicing 
physical activity according [11]. 

One metabolic variable that frequently presented cor-
relation with the waist-hips ratio were arterial pressure 
for the whole and the male group with the exception of 
the male group at rest. The female group did not present 
correlation in any situation, suggesting that WHR is an 
anthropometrical indicator with a much greater relation 
with the male arterial pressure. WHR did not correlate 
with the time spent on the treadmill (Table 4). 

4. FINAL CONSIDERATIONS 
The inexistence of correlation of WHR with heart rate 

 
Table 2. Pearson coefficient (r) correlating TCF with the metabolic variables of heart rate, and systolic, diastolic arterial pressure and 
double product at rest in stages 1 and 2. 

Met. Var. Group RR R RR 1 RR 2 SBP R SBP 1 SBP 2 DBP R DBP 1 DBP 2 DP R DP 1 DP 2 

Male 0.29 0.48* 0.55* 0.50* 0.36* 0.42* 0.47* 0.51* 0.45* 0.41* 0.44* 0.50* 

Female −0.17 0.27 0.37* 0.58* 0.71* 0.73* 0.65* 0.67* 0.59* 0.34* 0.64* 0.73* 

Total 0.11 0.37* 0.47* 0.28* 0.16 0.28* 0.29* 0.24* 0.22 0.24* 0.30* 0.41* 

Meanings of acronyms-RR R-Resting heart rate and stages 1 and 2, SBP-Systolic blood pressure rate and stages 1 and 2, DBP-Diastolic blood pressure rate and 
stages 1 and 2, DP-Double Product rate and stages 1 and 2. 
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Table 3. Pearson coefficient (r) correlating BMI with the metabolic variables of heart rate, and systolic, diastolic arterial pressure and 
double product at rest in stages 1 and 2. 

Met. Var Group RR R RR 1 RR 2 SBP R SBP 1 SBP 2 DBP R DBP 1 DBP 2 DP R DP 1 DP 2 

Male 0.42* 0.43* 0.50* 0.54* 0.39* 0.38* 0.54* 0.46* 0.37* 0.51* 0.44* 0.47* 

Female −0.15 0.29 0.39* 0.68* 0.76* 0.78* 0.74* 0.78* 0.71* 0.44* 0.68* 0.78* 

Total 0.12 0.34* 0.40* 0.63* 0.57* 0.60* 0.67* 0.64* 0.57* 0.49* 0.55* 0.62* 

Meanings of acronyms-RR R-Resting heart rate and stages 1 and 2, SBP-Systolic blood pressure rate and stages 1 and 2, DBP-Diastolic blood pressure rate and 
stages 1 and 2, DP-Double Product rate and stages 1 and 2. 
 
Table 4. Pearson coefficient (r) correlating WHR with the metabolic variables of heart rate, and systolic, diastolic arterial pressure 
and double product at rest in stages 1 and 2. 

Met. Var. Group RR R RR 1 RR 2 SBP R SBP 1 SBP 2 DBP R DBP 1 DBP 2 DP R DP 1 DP 2 

Male 0.10 0.21 0.24 0.31 0.40* 0.39* 0.34 0.44* 0.41* 0.20 0.32 0.34 

Female −0.17 −0.29 −0.14 0.12 0.16 0.12 0.08 0.10 0.12 −0.03 −0.04 0.01 

Total −0.06 −0.03 −0.01 0.37* 0.50* 0.43* 0.36* 0.47* 0.45* 0.20 0.31* 0.29* 

Meanings of acronyms-RR R-Resting heart rate and stages 1 and 2, SBP-Systolic blood pressure rate and stages 1 and 2, DBP-Diastolic blood pressure rate and 
stages 1 and 2,DP-Double Product rate and stages 1 and 2. 

 
in all cases is based on the fact that this anthropometrical 
indicator is related to distribution and not to the amount 
of corporal mass; for a heart rate, what appeared to be 
most influential was the amount of force necessary to 
mobilize this total corporal mass, independently of where 
it was located. 

The authors [17-20] infer that individuals with a dis-
tribution pattern of android fat are associated with the 
presence of diabetes and possibly diseases of the cardi-
ovascular system; in contrast, those with the gynoide 
type present lesser relationship with cardiovascular dis-
ease risk. In the male group, all the anthropometrical 
indicators presented correlation with arterial pressure in 
practically all moments; in the specific case of WHR, 
this correlation occurred at the beginning of the test, 
which in the case of the male distribution pattern of fat 
(android) shows it to be an indicator that can confirm if 
one population is more prone to present high levels of 
arterial pressure while exerting force. The levels of ar-
terial pressure of the male group were more dependent 
on the greater concentration of fat in the most central 
region of the body than the female group [11]. In this 
case, WHR appeared to be an anthropometrical indicator 
that can be used as a parameter for guaranteeing safety to 
men practicing a physical activity, principally when this 
activity is prescribed for a group that has individuals 
suffering from high blood pressure. 

The double-product presented higher indexes of cor-
relation when correlating to BMI and because this anth-
ropometrical indicator is related to the amount of corpor-
al mass, including lean mass. This metabolic variable, 
since it quantifies myocardium force, makes it very use-
ful in prescribing exercise because it can be used also as 

a parameter of safety when the group practicing a physi-
cal activity includes individuals with cardiovascular dis-
eases, thus avoiding submitting that population to great 
risks [21]. 
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