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ABSTRACT 
 
Moraes JFVN, Sales MM, Asano RY, Carvalho FO, Moreira SR, 
Campbell CSG. Important Association between Body Mass Index and 
Blood Pressure Reactivity in Male Adolescents. JEPonline 2014;17 
(1):28-39. The purpose of this study was to verify blood pressure (BP) 
responses to the Cold Pressor Test (CPT) in male adolescents 
according to their body mass index (BMI) and body fat percentage 
(BF%). Subjects consisted of 163 male adolescents with a mean age 
of 16.25 ± 1.32 yrs, body weight of 65.21 ± 12.86 kg, height of 172.71 
± 6.61 cm, and BMI of 21.77 ± 3.65 kg·m-². Anthropometric 
assessment and blood pressure measurements were performed at 
rest, during, and 1 min after the CPT. The results showed that 20.9% 
of the subjects were overweight or obese, 16.0% had high resting BP 
and 33.7% were hyper-reactive to the CPT. The subjects with 
increased BMI presented significantly higher systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) than their normal weight 
peers at rest (129.26 ± 13.04 vs. 118.53 ± 11.88 mmHg for SBP, and 
73.18 ± 7.63 vs. 68.67 ± 8.73 mmHg for DBP), during (147.56 ± 21.61 
vs. 130.54 ± 17.94 mmHg for SBP and 88.88 ± 14.62 vs. 82.26 ± 
12.92 mmHg for DBP) and 1 min after CPT (135.70 ± 17.55 vs. 
119.58 ± 14.13 mmHg for SBP, and 78.26 ± 10.70 vs. 70.69 ± 9.90 
mmHg for DBP), respectively. Subjects with an increase in BMI and 
BF% presented higher odds of being hyper-reactive to CPT when 
compared to normal weight adolescents. Therefore, we conclude that 
overweight and obese adolescents have enhanced blood pressure 
responses under stress. 
 
Key Words: Obesity, Adolescents, Cold Pressor Test, Blood 
Pressure Reactivity. 
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INTRODUCTION 
 
An increase in the prevalence of systemic arterial hypertension (SAH) has been reported in several 
parts of the world in different populations (45). Aounallah-Skiri et al. (2) stated that in Tunisia the 
prevalence of pre-hypertension and SAH in children and adolescents is 35.1% and 4.7%, 
respectively. Oduwole (25) observed that in Nigeria 18.4% and 20.1% of the adolescents presented 
high systolic and diastolic blood pressure, correspondingly. Flynn and Falkner (13) indicated that in 
the United States, 15.7% of the adolescents are hypertensive, and Motswagole et al. (23) found that 
13.0% of the South African students aged 9 to 15 yrs of age present SAH. 
 
In Brazil, specifically, Reuter et al. (32) reported that 13.5% of the boys aged 7 to 17 yrs present with 
SAH. Christofaro and colleagues (9) reported the prevalence of 13.4% of hypertension in school 
children between 10 and 17 yrs of age. Polderman et al. (28) referred to a prevalence of SAH in 
16.9% of boys, while Silva et al. (35) diagnosed high blood pressure in 12.4% of the adolescents 
between 14 and 19 yrs of age. Finally, Moreira et al. (22) stated that 11.7% of the children and 
adolescents presented high blood pressure (HBP). 
 
Several studies demonstrate a strong association between excessive weight and SAH. Serrano et al. 
(33) reported that adolescents with increased body mass index (BMI), body fat percentage (BF%), 
and waist-to-height ratio had significantly higher odds of presenting HBP. Shi et al. (34), for instance, 
stated that obese adolescents presented a blood pressure 7.6 mmHg higher than their normal weight 
peers. 
 
While these studies help in understanding the underlying challenges that result in the early onset of 
high blood pressure, the fact remains that researchers commonly use resting blood pressure 
measurements. Since most cardiac events usually occur in association with stressful situations (39), it 
is important to examine blood pressure responses in association with obesity when subjects are 
experiencing stress. 
 
A simple test to verify blood pressure response to stress is the Cold Pressor Test (CPT). This test 
consists of immersing one of the body extremities in a container with cold water (between 4ºC and 
5ºC) during 1 min. Blood pressure is measured at 30 sec and 60 sec during the test. The highest 
response found is characterized as peak value. The difference between the peak value and the 
resting value determines the level of vascular reactivity. Individuals that present an increase of at 
least 25.0 mmHg or 20.0 mmHg for systolic (SBP) or diastolic (DBP) blood pressure, respectively, are 
diagnosed as hyper-reactive. Lower values are characterized as normoreactive (14,44). 
 
The purpose of this study was to verify the blood pressure responses to the CPT in male adolescents 
according to their BMI and BF%. The hypothesis was that excessive weight is also associated with 
hyper-reactive blood pressure responses as well as hypertension. 
 
METHODS 
Subjects 
The subjects consisted of 163 male adolescents from 13 to 20 yrs of age who attended three 
randomly chosen schools of the city of Petrolina, Pernambuco. All male students were invited to 
participate in the study, but only the students who brought the informed consent term signed by their 
parents (or by themselves if above 18 yrs of age) were included. The study was approved by the 
ethics committee of the Catholic University of Brasília (protocol number 195/2010). 
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Anthropometric Assessment 
In order to assess body weight, a digital scale (Wiso®, Santa Catarina, Brazil) with a 100 g precision 
was used. Height was measured using a portable stadiometer (Wiso®, Santa Catarina, Brazil) with a 
0.1 cm precision. During height measurements, the subjects remained at a standing position with 
their ankles, calves, buttocks, back, and head touching the wall. The head position was consistent 
with Frankfurt’s Plan, and the measurement was performed at the moment of inhaling air. 
 
The subjects’ BMI was calculated from the division of body weight (in kilograms) by height (in meters) 
raised to the second power (kg·m-2). Overweight and obesity was determined according to the BMI z-
scores for age proposed by the World Health Organization (46). Overweight was considered when 
the volunteer presented a z-score between +1.00 and +1.99, while obesity was characterized as 
having a z-score equal or higher than +2.00. Volunteers with 18+ yrs of age were diagnosed 
according to their BMI values (overweight: between 25.00 and 29.99 kg·m-2; and obesity equal or 
above 30.00 kg·m-2) (43). In order to perform statistical analysis, overweight and obese individuals 
were grouped. 
 
Triceps skinfold was measured in triplicate using a skinfold caliper (Lange®, California, USA) at the 
middle point between the acromion and the elbow. Calf skinfold was also measured in triplicate at the 
point of the calf’s larger circumference. Body fat percentage (BF%) was calculated according to 
Slaughter et al. (36) as follows: BF% = 0.735 (Triceps skinfold + Calf skinfold) + 1.0. Values higher 
than 20% were considered above normal. All measurements were performed by an experienced 
evaluator. 
 
Pubertal Stage Assessment 
Pubertal stage was assessed using Tanner’s stages (20). The subjects looked at illustrative drawings 
representing Tanner’s stages (e.g., from 1 to 5) and indicated which stage they were in. 
 
Blood Pressure Measurements 
Blood pressure was measured using a validated automatic oscillometric device (BP A100, Microlife®, 
China) (42) in three distinct moments: (a) at rest, after 10 min in a seated position; (b) during the 
application of a cardiovascular stress test (at the 60-sec mark of the CPT); and (c) 1 min after the 
CPT. All measurements were performed in a seated position in a quiet room with the subjects’ left 
arm at the level of the heart, as recommended by the Brazilian Cardiology Society (38). Resting blood 
pressure was considered high when SBP and/or DBP presented values equal or above the 95th 
percentile for the subjects’ age, sex, and height percentile (24). 
 
Cardiovascular Stress Test 
The cardiovascular stress test was induced in the volunteers using the CPT (14,44). The subjects’ 
immersed their right hand up to the wrist in a container filled with cold water (4ºC to 5ºC) for 1 min. 
The temperature of the water was controlled using an infrared thermometer (Cason® CA380, China). 
Blood pressure reactivity was assessed at the 60-sec mark of the CPT and at the 1 min after finishing 
the test. Subjects that presented an increase in blood pressure equal or above 25 mmHg or 20 
mmHg for SBP and/or DBP, respectively, when compared to blood pressure at rest, were considered 
hyper-reactive. Lower values were considered as normoreactive (44). 
 
Statistical Analysis 
After testing for data normality through skewness and kurtosis values, respecting the interval between 
-1.00 and +1.00 (26), descriptive statistics (mean ± standard deviation, standard error of the mean, 
and absolute frequency) were used to describe the results. Student’s t-test for independent samples 
was applied in order to verify differences between BMI, BF%, and blood pressure responses at rest, 
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during, and 1 min after the CPT. Odds ratio was calculated to verify the risks of increased BMI and 
BF% and hyper-reactivity to the CPT. Statistical power was tested a priori for all procedures 
performed (Student’s t-test and Odds Ratio). For the sample size used in the present study (n = 163), 
Student’s t-test presented a Power of 0.95, considering α = 0.05 and an effect size of 0.50. Odds 
Ratio presented a Power of 0.92 considering α = 0.05 and p0 = 0.1. The level of significance adopted 
was set at P≤0.05; all statistics were performed using SPSS 15.0. The figures were built using 
Microsoft Excel 2010. 
 

RESULTS 
 
Increased BMI was detected in 20.9% (n = 34) of the subjects. High resting blood pressure was 
present in 16.0% (n = 26) of the adolescents and 33.7% (n = 55) of the subjects were hyper-reactive 
to the CPT. Subject characteristics are presented in Table 1. Blood pressure was analyzed according 
to BMI and BF%. The results show that subjects with increased BMI for their age presented 
significantly higher SBP and DBP values when compared to subjects with normal BMI for age at rest, 
during, and 1 min after the CPT (Table 2). Regarding BF%, the subjects with excessive adiposity 
presented higher SBP at rest and during the CPT. On the other hand, DBP showed significantly 
higher values only at the 1 min mark after the CPT (Table 3). 
 
Table 1. Characteristics of the Subjects. 

Variable Mean ± SD 
Age (yrs)   16.25 ± 1.32 
Pubertal stage     4.20 ± 0.64 
Body weight (kg)     65.21 ± 12.86 
Body height (cm) 172.71 ± 6.61 
Body mass index (kg·m-²)   21.77 ± 3.65 
BMI-for-age z-score     0.12 ± 1.16 
Triceps skinfold thickness (mm)     9.08 ± 3.45 
Calf skinfold thickness (mm)   10.28 ± 4.19 
Body fat (%)   15.26 ± 5.43 
Systolic blood pressure (mmHg)   120.77 ± 12.86 
Diastolic blood pressure (mmHg)   69.61 ± 8.68 
BMI = body mass index, SD = standard deviation 
 
Table 2. Blood Pressure Responses at Rest, During, and 1 min after the Cardiovascular Stress 
Test (CPT) According to BMI for Age Classification. 

Systolic blood pressure 
BMI for Age Rest During 1 min After 
Normal (n = 129) 118.53 ± 11.88 130.54 ± 17.94 119.58 ± 14.13 
High (n = 34)  129.26 ± 13.04*  147.56 ± 21.61*  135.70 ± 17.55* 
    

Diastolic blood pressure 
BMI for Age Rest During 1 min After 
Normal (n = 129) 68.67 ± 8.73 82.26 ± 12.92 70.69 ± 9.90 
High (n = 34)  73.18 ± 7.63*   88.88 ± 14.62*    78.26 ± 10.70* 
*P≤0.05 to normal in the same moment. 
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Table 3. Blood Pressure Responses at Rest, During, and 1 min after the Cardiovascular Stress 
Test (CPT) According to Body Fat Percentage. 

Systolic blood pressure 
Body Fat % Rest During 1 min After 
Normal (n = 134) 119.74 ± 12.25 132.51 ± 19.30 122.04 ± 15.72 
High (n = 28)  126.11 ± 14.57*  142.18 ± 21.48* 128.10 ± 17.66 
    

Diastolic blood pressure 
Body Fat %             Rest        During 1 min After 
Normal (n = 134)            69.19 ± 8.61         83.07 ± 13.32 71.49 ± 10.66 
High (n = 28)            71.89 ± 8.91         86.96 ± 14.04 76.46 ± 8.57* 
*P≤0.05 to normal in the same moment. 
 
Since blood pressure values at rest were significantly different among the subjects with increased 
BMI and BF%, a net variation analysis was performed to verify if there was a significant increase in 
blood pressure in the different moments of the CPT. The results indicated that the subjects with high 
BMI had a significant increase in SBP during the CPT and that both SBP and DBP remained higher 1 
min after the test (Figures 1A and 1B). For BF%, net variations between subjects with increased and 
normal body fat showed no significant differences in the distinct moments of the CPT (Figures 2A and 
2B). 
 
 

 
 

Figure 1. Systolic Blood Pressure (A) and Diastolic Blood Pressure (B) Net Variations at  
Rest, During, and 1 min after the Cardiovascular Stress Test (CPT) according to the BMI  
for age. *P<0.05 in the same moment. 
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Figure 2. Systolic Blood Pressure (A) and Diastolic Blood Pressure (B) Net Variations at  
Rest, During, and 1 min after the Cardiovascular Stress Test (CPT) according to the  
Body Fat Percentage. 

 
 
Odds ratio analysis revealed that subjects with increased BMI presented 180% more odds of being 
hyper-reactive to the CPT when compared to their normal BMI peers (X² = 7.08; P<0.05). With 
regards to BF%, subjects with increased body fat showed 59% more odds of being hyper-reactive to 
the cardiovascular stress test (X² = 1.20; P = 0.27), as shown in Table 4. 
 
 
Table 4. Odds Ratio for Being Hyper-Reactive to the Cardiovascular Stress Test (CPT) 
according to BMI for Age Z-Score and BF%. 

  Hyper-Reactivity to Stress 
n  Odds Ratio CI (95%) 

129 Normal BMI 1 - 
34 High BMI 2.80* 1.29 – 6.07 
    

134 Normal BF% 1 - 
28 High BF% 1.59 0.69 – 3.65 

BMI = body mass index; BF% = body fat percentage. *P<0.05. 
 

DISCUSSION 
 
The main findings of the present study confirmed the initial hypothesis that overweight and obese 
adolescents would show increased blood pressure responses when compared to their normal weight 
peers. High BMI and BF% increased 180% and 59%, respectively the odds of being hyper-reactive to 
the CPT. These findings are in agreement with several studies that associate SAH in children and 
adolescents with excessive weight.  
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After evaluating adolescents in Tunisia, Aounallah-Skhiri and colleagues (2) observed a significant 
positive association between BMI, waist circumference, and blood pressure. They reported that high 
BMI and waist circumference tripled the odds of developing SAH. Hu et al. (16) indicated that children 
and adolescents with elevated BMI, waist circumference, and waist-to-height ratio presented 132%, 
142%, and 128%, respectively, more odds of being hypertensive. Zhang et al. (47), who also studied 
adolescents from China, stated that excessive weight was associated with a 40% and a 100% 
increase in the odds of pre-hypertension and SAH, correspondingly. 
 
In adolescents from Hong Kong, high waist circumference increased the risks of HBP by 2.4 times, 
while BMI increased the risk of HBP 42.6% (18). Abolfotouh et al. (1) stated that Egyptian 
adolescents who presented elevated waist circumference and BMI showed significantly increased 
odds of developing SAH. Other studies have reported similar results in adolescents from Iran (5), 
Pakistan (29), China (19), and Chile (4). In the present study, even though 20.9% of the subjects 
were considered overweight or obese, only 2 subjects (1.2%) presented an increased waist 
circumference in accordance with the percentiles proposed by Fernández et al. (12) and 16 (9.8%) of 
the subjects had waist-to-height values above 0.50 (27) (data not shown). 
 
The mechanisms that relate SAH to obesity have been associated with insulin resistance, sodium 
retention, increased sympathetic nervous system activity, activation of the Renin-Angiotensin-
Aldosterone System, and changes in vascular function (9,30,31). In addition, possible damages in 
other organs (heart, arteries, kidneys, retina, and nervous system) should be monitored after 
diagnosis of SAH (13,40). For example, regarding the heart and arteries, Stabouli et al. (41) and Leite 
et al. (17) observed an association between blood pressure, BMI, waist circumference and the carotid 
intima-media thickness in children and adolescents with excessive weight. They and their colleagues 
indicate that there is a significant positive association between the carotid intima-media’s thickness 
and blood pressure. 
 
Hirschler et al. (15) observed an increase of the left atrial size in obese adolescents when compared 
to their normal weight peers. According to Ayer et al. (3), the increase in the size of the atrium is 
associated with co-factors of obesity such as hypertension, diabetes, and sleep apnea. In addition, 
the authors cited that there is an association between the size of the left atrium and an increased risk 
of myocardial infarction. Moreover, Bostanci et al. (6) referred to an association between SAH, insulin 
resistance, and hypertrophy of the left ventricle. Insulin resistance can contribute to SAH through the 
retention of sodium, activation of the sympathetic nervous system, alteration in the composition and 
transport of cellular electrons, and stimulation of growth factors (10). Çelik et al. (7) associated 
excessive weight with arterial stiffness by using pulse wave velocity in children and adolescents aged 
10 to 16 yrs. The stiffness of the arteries appears to be attributed to endothelial dysfunctions caused 
by obesity.  
 
Collectively, these findings partially explain why adolescents with excessive weight respond more 
intensely to the CPT when compared to normal weight subjects. Therefore, individuals that have 
other chronic-degenerative diseases can present HBP variations after performing a cardiovascular 
stress test. Smirnova et al. (37), for instance, stated that patients with type 2 diabetes and glucose 
intolerance presented higher blood pressure variations and impaired skin temperature responses 
after performing the CPT. They stated that the impaired responses were associated with endothelial 
dysfunction. 
 
Moreover, increased blood pressure responses in individuals with excessive body fat can also be 
explained by the different hormonal and nervous responses presented by obese and normal weight 
subjects. Epel et al. (11), when comparing cortisol levels among women with high and low waist-to-
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hip ratio, found that the women with increased waist-to-hip ratio showed higher cortisol values after 
performing 45 min of tasks involving arithmetic, jigsaw puzzles, and speaking. Monteiro et al. (21) 
compared the sympathetic autonomic response to the CPT, using heart rate variability in obese and 
normal weight adolescents and found that excessive weight presented higher sympathetic reactivity. 
 
Limitations 
Even though the present study shares important results, it is not without limitations. For instance, we 
were not able to control other activities performed before the study (physical activity, caffeine or 
alcohol ingestion, and hours of sleep) that may have interfered in blood pressure behavior. Also, no 
biochemical markers that may have explained the difference in blood pressure responses between 
the groups were collected. Therefore, it is not possible to establish a cause-effect relationship among 
adiposity indicators and blood pressure reactivity. 
 

CONCLUSION 
 
The findings of the present study suggest that the blood pressure responses after performing a 
cardiovascular stress test (CPT) are enhanced in overweight and obese adolescents when compared 
to their normal weight peers. In addition, adolescents with excessive weight present higher odds of 
being hyper-reactive to the CPT. 
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