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ABSTRACT 
Introduction: Obesity is a multisystemic disease and a coronary risk factor that is 
frequently associated with others, such as high blood pressure, diabetes and dys-
lipidemia. These all increase the risk of heart disease. 
Objective: We aimed to determine the cardiovascular response of obese patients 
during a stress test. 
Methods: An observational, descriptive and cross-sectional study was conducted 
with 67 obese participants (45 women and 22 men) aged 35±12.6 years on average. 
To develop our research, we analyzed anthropometric variables and vital signs. 
The Borg scale, a cardiovascular risk factor interview and a Bruce treadmill stress 
test protocol were also applied. 
Results: The main cardiovascular risk factors found were sedentary lifestyle (100%) 
and family history of disease (76%). An average maximum heart rate of 172.82± 
18.81 beats per minute was obtained, which was higher in women (173.9±17.5 vs. 
168.9±22.1). It was found to be higher in patients with less than four cardiovascular 
risk factors (179.4±17.7 vs. 167.1±18.6) when associated with cardiovascular risk 
factors. 
Conclusions: A decrease in cardiovascular response was found in relation to the 
expected test effort. The greater the number of cardiovascular risk factors, the 
lower the maximum heart rate achieved. 
Keywords: Obesity, Exercise stress test, Exercise, Heart rate, Risk factors, Cardi-
ology 
 
Respuestas cardiovasculares de pacientes con obesidad en la 
prueba de esfuerzo 
 
RESUMEN 
Introducción: La obesidad es una enfermedad multisistémica que constituye un 
factor de riesgo coronario y se asocia frecuentemente a otros, como la hiperten-
sión arterial, la diabetes y la dislipidemia, todo lo cual aumenta el riesgo de enfer-
medad cardiovascular.  
Objetivo: Determinar la respuesta cardiovascular de los pacientes con obesidad 
durante una prueba de esfuerzo.  
Método: Estudio observacional, descriptivo y transversal con 67 participantes 
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obesos (45 mujeres y 22 hombres), con promedio de edad de 35±12,6 años. Para el 
desarrollo de esta investigación se obtuvieron variables antropométricas, signos 
vitales, escala de Borg, cuestionario para factores de riesgo cardiovascular, y se 
realizó una prueba de esfuerzo en tapiz rodante con protocolo de Bruce. 
Resultados: Los principales factores de riesgo cardiovascular encontrados fueron 
el sedentarismo (100%) y los antecedentes patológicos familiares (76%). Se obtuvo 
una frecuencia cardíaca máxima promedio de 172,82±18,81 latidos por minuto, que 
fue superior en las mujeres (173,9±17,5 vs. 168,9±22,1) y al asociarla con los facto-
res de riesgo cardiovascular se encontró que fue mayor en los pacientes con me-
nos de 4 factores de este tipo (179,4±17,7 vs. 167,1±18,6).  
Conclusiones: Se encontró una disminución de la respuesta cardiovascular en re-
lación con el esfuerzo esperado para la prueba de esfuerzo. A mayor número de 
factores de riesgo cardiovascular presentes, menor fue la frecuencia cardíaca 
máxima alcanzada.  
Palabras clave: Obesidad, Prueba de esfuerzo, Ejercicio físico, Frecuencia cardía-
ca, Factores de riesgo, Cardiología 

 
 

 

 
INTRODUCTION   
 
One of the biggest problems of public health nowa-
days is obesity, which is known as an imbalance 
between the amount of calories ingested through 
foods rich in fats and sugars, and reduced physical 
activity1. Moreno-Martínez2 defines it as the excess 
of adipose tissue that is caused by the progressive 
accumulation of fat in the reservoirs, due to an im-
balance of caloric homeostasis, where the ingest 
exceeds the energy expenditure. According to the 
World Health Organization (WHO), obesity has dou-
bled worldwide since 1980 and in 2014, more than 
1900 million adults over 18 years old suffer from 
overweight or obesity3-5.  

Likewise, obesity is linked to other diseases such 
as: diabetes mellitus, high blood pressure, dyslipide-
mia, hyperinsulinemia, stroke and cardiovascular 
disease, among others5, which are the leading cause 
of morbidity in the elderly5,6. The main damage that 
generates this disease in function, structure and ca-
pacity of the heart, is shown in the following box1-6. 

Given this situation, multiple alternatives have 
been created to prevent and, above all, control obe-
sity; among them, physical exercise, which plays a 
very important and vital role for the treatment and 
control of this disease7. That is why the planned 
physical exercise must have certain characteristics 
such as: intensity, duration, structure and specific 
individualization, which is what makes physical ac-
tivity different, in addition to having a clear objective 
to achieve positive health effects in overweight or 
obese patients8, where moderate exercise is 50-75% 
of the volume (consumption) maximum oxygen 

 
(VO2 max) or maximum9 heart rate (HR). 

Performing physical activity regularly has several 
advantages: prevents the reduction of the basal met-
abolic rate together with a diet, reduces the associ-
ated risk factors, protects lean body mass, decreases 
anxiety and depression, and improves body compo-
sition10. It is important to highlight that, at the begin-
ning of the exercise, the lipolysis increases rapidly 
in almost three times, thus, increasing the availabil-
ity of free fatty acids11; this is one of the reasons why 
there are multiple metabolic adaptations that can be 
advantageous for the treatment of obesity, including 
the increased oxidative potential of fats12,13, which 
generates obtaining metabolic energy (adenosine 
triphosphate-ATP) during physical exercise, and –
therefore–, the loss of body weight. 

However, for obtaining these results, it is neces-
sary to know the cardiovascular state of patients 
with obesity, hence, the importance of the exercise 
stress tests in such patients, which are indispensable 
for prescribing exercise adequately, ensure training 
of moderate intensity and for being able to obtain 
the mentioned benefits. For these reasons, the main 
objective of this research has been to determine the 
cardiovascular response of obese patients during an 
exercise stress test. 
 
 
METHOD  
 
An observational, descriptive and cross-sectional 
study was carried out, which quantified cardiovas-
cular risk factors, anthropometry, and cardiovascu-
lar response before, during and after the exercise 
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stress test in obese participants from the city of Cú-
cuta, Colombia. 
 
Sample 
An intentional sample of 67 participants (45 women  
 
 

Box. Cardiovascular effects of obesity1-7. 
 

Functional alterations 
   Impaired LV diastolic filling/relaxation 
   Weakness of the heart for ventricular contraction 
   Decreased muscle contractility 
   Abnormal radial LV distortion 
   Low myocardial resistance 
   Reduced tricuspid annular velocity  
   Abnormal tension of the right atrium  
   Abnormal left atrial distortion 
   Dromotropic disorders 
   Diastolic reduction in mitral annular velocity  
Hemodynamic alterations 
   Increase in total and central blood volume 
   Increased LV systolic volume 
   No change or mild increase in the heart rate 
   Increased preload and postload 
   Increased cardiac output 
   Increased oxygen consumption in the myocardium 
   Increased arteriovenous oxygen difference 
   Increased systolic and diastolic blood pressure 
   Increased cardiac work 
   Increased pulmonary artery wedge pressure 
   Decreased maximum velocity of LV contraction 
   Increased LV end diastolic pressure 
   Increased pressure in the right ventricle 
   Increased pulmonary artery pressure 
   Normal or increased pulmonary vascular resistance 
   Increased right atrial pressure 
Morphological alterations 
   Increased left ventricular mass 
   Ventricular remodeling 
   LV chamber dilation 
   Eccentric LV hypertrophy 
   LV hypertrophy or concentric remodeling 
   Left atrial enlargement 
   Right ventricular hypertrophy 
   Right atrial enlargement 
   Excessive epicardial adipose tissue 
LV, left ventricle 

and 22 men) who met the eligibility criteria was se- 
lected:  
1. To be older than 18 years old. 
2. To have a body mass index higher than 30, 

weighing more than 65 kg. 
3. To sign an informed consent endorsed by the 

ethics committee of the institution.  
 
Patients who had pain in lower limbs with diffi-

culty for walking, dyspnea and fatigue at rest, or 
both, previous cardiovascular disorders, history of 
cardiac surgery or myocardial infarction were ex-
cluded, as well as those who had medication with 
beta-blockers. The express statement of the patient 
to not wanting to continue the test was considered 
as a withdrawal criterion.  

 
Procedure 
In order to determine the morphologic and anthro-
pometric variables, as well as the vital signs, there 
were used: a measuring rod (Adult Acrylic Halter 
Wall Kramer 2104), a measuring tape (Asámico de 
150 cm 60"Gree) a weighing scales (Tezzio Digital 
Balance TB-30037) for electric bioimpedance, a port-
able pulse oximeter (Nellcor Puritan Bennett) and a 
manual tensiometer, with which the systolic and 
diastolic blood pressure was obtained, before, dur-
ing and after 5 minutes of having finished the exer-
cise test. In those same three times was obtained the 
heart rate in real time, through the Polar RS800CX 
Multisport system.  

All participants underwent an exercise stress test 
on a treadmill, with the Bruce protocol, who were 
instructed that, in the 12 hours prior to the exercise 
stress test, they should avoid alcohol, caffeine, to-
bacco, vigorous exercise or the use of any type of 
drug or medication that could interfere with the 
maximum HR or physical performance during the 
test; it was also explained to them that they could 
have their morning meal.  

The characteristics of the exercise stress tests, 
their methodology, indications and contraindica-
tions14-21 are shown in the appendix. 

The subjective shortness of breath and the effort 
perceived by the patients were estimated according 
to the modified Borg scale22, which consists of ten 
items. The purpose of this tool in the area of health 
sciences is to evaluate adjustments in intensity and 
the workload. 
 
Data collection 
The data collection was done manually, and an in-
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Table 1. Basal characteristics of the population. 
 

Variables 
Sex 

Total (N=67) 
Female (n=45) Male (n=22) 

Nº % Nº % Nº % 
Age (years)       
    Equal/younger than 30 13 28.88 11 50.00 24 35.82 
    Older than 30  32 71.11 11 50.00 43 64.17 
Ethnicity       
    White 15 33.33 11 50.00 26 38.8 
    Mestizo 29 64.44 9 40.9 38 56.71 
    Afro-Colombian 1 2.22 2 9.1 3 4.47 
Education level       
    Primary school 0 0 1 4.54 1 1.49 
    Secondary school 5 11.11 4 18.18 9 13.43 
    High school 19 42.22 7 31.82 26 38.81 
    Technician 3 6.67 1 4.54 4 5.97 
    Undergraduate 16 35.55 9 40.91 25 37.31 
    Postgraduate 2 4.44 0 0 2 2.98 
Smoking       
    Ex-smoker 10 45.45 10 22.22 20 29.85 
    3-7 cigarettes/day 2 9.09 0 0 2 2.98 
    9-15 cigarettes/day 0 0 1 2.22 1 1.49 
    Non smoker 33 73.33 11 24.44 44 65.67 
Alcoholism       
    Regular consumer 26 57.77 13 59.09 39 58.20 
    Once a week 9 20.00 7 31.81 16 23.88 
    Once or twice a week 17 37.77 3 13.63 20 29.85 
    Twice a week 1 2.22 2 9.09 3 4.47 
    Four a week 0 0 1 4.54 1 1.49 
    Non consumer 18 40.00 9 40.90 27 40.29 
Inappropriate diet       
    Once a month 18 40.00 2 9.09 20 29.85 
    Once a week 8 17.77 7 31.81 15 22.38 
    Twice a week 9 20.00 3 13.63 12 17.91 
    Three a week 0 0 2 9.09 11 16.41 
    Four or more a week 2 9.09 1 4.50 3 4.40 
    Non consumer 8 17.77 7 31.81 15 22.38 
High blood pressure       
    Yes 13 28.88 6 27.27 19 28.36 
    No 32 71.11 16 72.72 48 71.64 
Diabetes       
    Yes 6 13.33 3 13.63 9 13.43 
    No 39 86.66 19 86.36 58 86.56 
Obesity       
    I 21 46.67 16 72.12 37 55.22 
    II 18 40.00 3 13.64 21 31.34 
Sedentary lifestyle       
    Yes 22 32.84 45 67.16 67 100 
    No 0 0 0 0 0 0 
Family history        
    Yes 35 77.77 16 72.72 51 76.11 
    No 10 22.22 6 27.27 16 23.88 
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strument was used, self-created, aimed at doing the 
interrogation of patients and the incorporation of the 
measurements that were obtained before, during 
and after the exercise stress test. 
 
Statistical analysis 
Quantitative variables are expressed as arithmetic 
mean, minimum, maximum values and variability 
(standard deviation). Furthermore, an analysis of 
the Pearson’s correlation coefficient between the 
different variables was carried out. In all cases, the 
level of significance was established at 5% (p < 0.05) 
and the analyses were performed in the Stata pro-
gram (Data Analysis and Statistical Software). 

 
Ethical considerations  
The design and development of the research was 
carried out under the ethical considerations of the 
Declaration of Helsinki and Resolution No. 008430 of 
the Colombian Ministry of Health. 

 
 

RESULTS 
 
A total of 67 individuals (45 women and 22 men) 
were studied, with a mean age of 35.58 ± 12.6 years. 
Their basal features are summarized in table 1. 

It may be noted (non tabulated data) that there 
was no significant difference compared to the body 
weight between men and women (95.3 ± 20.6 vs. 95.7 

± 13.9 kg), but there were in height (1.57 ± 0.06 vs. 
1.69 ± 0.06 m) which was higher in females, what 
made the body mass index higher in men (38.6 ± 
8.07 vs. 33.6 ± 3.94 kg/m2).  

In table 2 is displayed the behavior of some of 
the studied variables (oxygen saturation, blood 
pressure, dyspnea and fatigue) in relation to the 
exercise stress test and gender. The response of the 
HF was registered (Table 3) at the start of the test, 
at peak exercise and during the minutes 1, 3 and 5 of 
the recovery, and it was higher in women (173.91 ± 
17.57 vs. 168.9 ± 22.1). In addition, the values of this 
variable in patients with obesity and the presence of 
more or less four factors of cardiovascular risk were 
compared, resulting that the maximum HR reached 
was much higher in patients with less than four risk 
factors compared to those having four or more 
(179.4 ± 17.7 vs. 167.1 ± 18.6). 

In the dispersion graphs (Figure) is displayed 
the behavior of maximum HR in relation to weight, 
body mass index and sex of the participants; to 
which its corresponding Pearson´s correlation was 
added for a better analysis.  
 
 
DISCUSSION 

 
Among the cardiovascular risk factors, obesity 
stands out as one of the main factors associated with 
multiple diseases of the cardiovascular system, both 

Table 2. Blood pressure and arterial oxygen saturation before and after the exercise stress test. 
 

Variable 
Women Men 

Average SD Minimum Maximum Average SD Minimum Maximum 
SatO2 (pre) 97.26 1.05 95 98 97.31 1.12 94 99 

SatO2 (post) 95.57 1.77 90 98 91.31 1.57 92 98 

SBP (pre) 120.44 13.89 97 160 125.18 13.80 100 160 

SBP (post) 128.17 17.31 100 180 131.95 14.25 100 160 

DBP (pre) 78.24 11.28 60 100 80.13 12.06 60 100 

DBP (post) 79.35 11.26 60 100 83.50 6.49 75 100 

Dyspnea (pre) 0.26 0.49 0 2 0.13 0.35 0 1 

Dyspnea (post) 7.42 2.60 0 10 8.31 1.17 6 10 

Fatigue (pre) 0.24 0.60 0 2 0.18 0.39 0 1 

Fatigue (post) 7.66 2.27 1 10 8.36 1.43 6 10 
DBP, diastolic blood pressure; SatO2, peripheral arterial oxygen saturation; SBP, systolic blood pressure; 
SD, standard deviation 
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because it has a direct relationship with high levels 
of LDL (low-density lipoproteins) cholesterol and a 
high percentage of coronary risk, diabetes mellitus 
and high blood pressure, which are direct variables 
that affect myocardial perfusion and predispose the 
patient to suffer any of the manifestations of ischem-
ic heart disease, including myocardial infarction.  

In this article are shown the cardiovascular re-
sponses of the obese patients that underwent an 
exercise stress test. Our results are similar to those 
found by Guzmán et al 

23, who studied the cardio-
vascular capacity of obese patients using exercise 
stress testing with the Bruce protocol and found that 

HR rises, but not in accordance with the values es-
tablished for the patient's age and effort made. In this 
study is also noticeable that a high percentage of the 
patients were unable to increase their HR above 80% 
of the maximum estimated for their age. 

Likewise, a study conducted by Urquiaga et 
al 

24 shows that a deficit in the ability to raise HR 
above 80% of the theoretical maximum is directly 
related to the risk of ischemia in the myocardial per-
fusion study. However, nowadays, there is contro-
versy to determine the maximum HR and calculate 
its percentage achieved in an exercise stress test, 
since the methods used to obtain this result are the 

Table 3. Heart rate before, after and during recovery times in patients with obesity. 
 

Variable 
Women Men 

Average SD Minimum Maximum Average SD Minimum Maximum 
HR (pre) 98.88 21.35 70 140 90.77 12.95 66 110 

HR (post) 173.91 17.57 133 199 168.95 22.16 117 199 

HR 1 minute 150.75 20.05 111 182 148.28 17.53 115 178 

HR 3 minutes 131.31 15.22 105 165 127.23 16.16 95 160 

HR 5 minutes 121.44 13.70 95 158 116.19 13.62 86 140 

HR <4 CRF (pre) 94.07 14.69 70 140 93.25 17.18 66 110 

HR <4 CRF (post) 179.46 17.75 133 199 178.7 19.43 141 199 

HR >4 CRF (pre) 95.97 15.55 74 139 95.20 15.38 74 110 

HR >4 CRF (post) 168 18.24 144 199 167.12 18.68 117 189 
CRF; cardiovascular risk factors; HR, heart rate; SD, standard deviation. 

 

 

 
 

Figure. Dispersion graph and Pearson's r, according to maximum heart rate reached during the exercise stress test and its 
relationship with weight, body mass index and gender. A. Female sex. B. Male sex. BMI, body mass index. 
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predictive equations such as 220 - age, Tanaka, Kar-
vonen, Coop-er and Ellestad, among 40 more formu-
las. Nonetheless, in multiple studies13,25-27 is not rec-
ommended to calculate it, since some of them over-
estimate the maximum theoretical HR in approxi-
mately 10 beats per minute. In addition, in other 
studies of our work group27, 28 with an obese popula-
tion of both sexes, the predictive equations were 
compared with the maximal stress test and it was 
evidenced that these formulas differ from 2 to 18 
beats per minute, compared to a maximal stress test 
in this type of patient; which has also been studied 
by Bouzas et   al 

29. 
On the other hand, the research by Marino et     

al 
30, carried out in a group of women with morbid 

obesity using an ergometer adapted to the upper 
limbs, when compared with one of the lower limbs, 
showed that there are changes in the increased sys-
tolic blood pressure during test, which is related to 
the present study, where differences in systolic and 
diastolic blood pressures are observed during the 
test, although they were not statistically significant 
with respect to parameters such as age, sex, and 
level of physical activity. 

No studies were found that demonstrate changes 
in relation to oxygen saturation before, during and 
after the development of an exercise stress test in 
obese patients; however, our study shows that there 
is an early decrease in the levels of exertional tissue 
perfusion, hypothetically caused by obesity and the 
consequent cardiovascular alterations or their 
comorbidities. Also, when comparing the cardiovas-
cular response of the obese participants with other 
studies published28,30 on exercise stress test in pa-
tients apparently healthy with similar age ranges to 
those of the present study, these were found to be 
much lower to the cardiovascular response found in 
patients supposedly healthy. 

 
 

CONCLUSIONS 
 
A decreased cardiovascular response was found in 
relation to the effort expected for the exercise stress 
test. The greater the number of cardiovascular risk 
factors, the lower the maximum heart rate achieved. 
It is very important to carry out an initial evaluation 
of the obese patient that includes the pathological 
history, complete physical examination, anthropom-
etry and measurement of the aerobic capacity, flexi-
bility and strength, for being able to carry out the 
prescription and the exercise program in the most 

individualized and accurate way as possible. 
 
 
LIMITATIONS 
 
After the present research, it is considered that, for 
future studies, it would be interesting to include 
echocardiography tests and analyze each of the co-
morbidities present in the obese population, which 
inescapably play a core role in the cardiovascular 
manifestations of patients. 
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APPENDIX 
Exercise stress test 
It is one of the most important non-invasive records 

 
in the exploration of the heart using a cardio-respira-
tory sample14, primarily due to three aspects: diag-
nosis of ischemic heart disease, determination of 
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functional capacity15 and perception of dyspnea and 
fatigue at maximum effort. For all these findings, 
there are two types of tests: the conventional stress 
test and the unconventional14. In addition, there is a 
variety of protocols, among them: Bruce, modified 
Bruce, Naughton, Balke, and Sheffield, among oth-
ers. It should be noted that the Bruce protocols are 
better for the diagnosis of ischemia and they are the 
most used in conventional exercise stress tests16; 
moreover, the remaining protocols are not as effec-
tive for the diagnosis of this disease, but they have a 
better evaluation for functional capacity in certain 
cases15. In turn, these protocols vary according to 
the characteristics of the study population.  
 
Methodology 
Bruce protocol consists in increasing the inclination 
and speed every three minutes. The periods of time 
in which the speed and slope remain constant are 
called stages, and the duration of the exercise with 
the Bruce protocol, for a normal person, is approxi-
mately 8-12 minutes17,18; this may vary according to 
the characteristics of the patient that could generate 
times shorter or longer than those mentioned.  

In exercise stress tests, it is necessary to control 
and monitor vital signs before, during and after its 
performance; therefore, it is necessary to have rec-
ords of these measurements at each stage, in addi-
tion to perceiving the degree of fatigue and dyspnea 
of the patient during the test. Of course, if for any 
reason it should be interrupted, the decision must 
be respected19. Otherwise, the test will stop when 
the patient: a) reaches a sufficient level of effort for 
the diagnosis, which is the submaximal HR (85% of 
the theoretical maximum HR), b) is exhausted and 
refers that cannot continue, or c) when relevant 
clinical (angina, abnormal behavior of blood pres-
sure) or electrocardiographic changes appear20. This 

last possibility may be enough for diagnosis; never-
theless, if the exercise stress test is stopped due to 
fatigue before reaching the submaximal HR, the di-
agnostic reliability is not as objective as it should be 
and it would be considered an inconclusive test17. 
 
Equipment and implements 
The most commonly used devices for these tests are 
the ergometric bicycle and the treadmill14, each with 
its advantages and disadvantages, either due to the 
mode of use or space. The ergometric bicycle takes 
up less space, it is not noisy, but it needs more col-
laboration from the patient, since not everyone is 
familiar with a bicycle; on the other hand, the 
treadmill requires less collaboration from the patient 
and submaximal HR can be achieved more easily, 
but requires more space21. In addition, both devices 
require the respective implements to control and 
monitor vital signs. 
 
Contraindications and indications 
In general, these tests will be contraindicated in pa-
tients convalescing from an acute myocardial infarc-
tion in the last 5-7 days, severe cardiac arrhythmias, 
acute pericarditis, infective endocarditis, severe 
aortic stenosis, acute pulmonary embolism or infarc-
tion, unstable angina and limiting physical disabil-
ity22; although some are relative contraindications, 
as in valve diseases and myocardial ischemia. On 
the contrary, they will be indicated mainly in symp-
tomatic and asymptomatic patients for the diagnosis 
and evaluation of ischemic heart disease and cardi-
ac arrhythmias, as well as for stratifying risk, as-
sessing functional capacity, and inclusion in cardiac 
rehabilitation programs; in healthy people, also to 
stratify risk, start physical training programs and 
sports practice, as well as in high-performance ath-
letes18,22.  
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