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Abstract: Excess weight leads to an impaired cardiovascular response to physical exertion even
at a young age. Sports training during youth promotes cardiovascular adaptations. The aim of
the study is to verify the impact of weight status on cardiovascular parameters related to physical
effort in young people who engage in competitive sports. A retrospective study was conducted
on 8307 young athletes (5578 males and 2729 females) aged 6–18 years (mean age 13.9 ± 2.2 years).
The data concerning graded exercise tests of young athletes in normal weight and overweight were
compared. Approximately, 13.4% of the sample had excess weight. Young overweight athletes show a
higher resting heart rate as well as systolic and diastolic pressure than young normal weight athletes.
Excess weight condition leads to a reduction in the duration of the graded exercise test, reaching
higher blood pressure values at the end of the test compared to those with normal weight. After four
min from the end of the test, heart rate and systolic/diastolic blood pressure remained higher in
the young overweight athletes. Excess weight affects cardiovascular parameters both at rest and in
response to physical exertion during youth; however, competitive sport seems to be able to keep
these parameters within the normal range even in young overweight athletes.

Keywords: youth; overweight; competitive sport; exercise test; obese; heart rate; incremental test;
blood pressure

1. Introduction

The prevalence of obesity in children and adolescents is a current public health problem [1].
Excess weight involves both metabolic and hemodynamic alterations [2]. The main hemodynamic
changes in obese youth are an increase in resting blood pressure and resting heart rate and an increase
in peak heart rate during exercise tests compared to lean controls [3].

Cardiovascular parameters related to physical effort are generally assessed through the graded
exercise test (GXT) which currently is widely used for detection of coronary artery disease, prediction
of cardiovascular events, and evaluation of physical capacity [4]. In normal subjects, during exercise
there is an increase in muscle work, which leads to an increase in oxygen demand. To meet these
growing requirements, the cardiovascular system applies a gradual rise in cardiac output. [5].
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During GXT, heart rate (HR) and arterial blood pressure (BP) are the main parameters monitored.
Dynamic exercise involves an HR increase linear with workload and oxygen demand [6]. The speed in
reduction of HR after termination of the GXT, termed HR recovery, currently is considered as an index
of cardiorespiratory fitness and is associated with mortality risk [7].

In addition for BP, dynamic exercise induces a systolic blood pressure (SBP) increase because
of increasing cardiac output, whereas diastolic blood pressure (DBP) remains the same or slightly
reduced due to peripheral vasodilatation [8]. After exercise, the decrease of cardiac output produces a
decline in systolic blood pressure, usually reaching resting levels within six min [9].

The interpretation of GXT data in pediatric subjects requires special considerations; these results
may have different connotations based on the age, size, and sex of the child [10]. The impact of body
weight is well established on HR response to exercise in children, particularly during an incremental
test, the increase in peripheral oxygen demand increases the HR in direct proportion to body weight [11].
Similarly, age and body mass index (BMI) are related to exercise duration in both boys and girls;
age has a direct correlation, while BMI has an inverse relationship [12].

However, the influence of BMI on the recovery process after maximal exercise test, measured
with HR recovery, is not clear [7,12,13]. Maximal BP response to exercise in children appear mostly
influenced by age and sex [14]. Systolic BP decreased about 10% four min after the end of the test
in both sexes from 6 to 11 years [15,16]; this recovery process appear to be influenced by excess
body weight in non-athletic children [17]. Currently the influence of body weight on cardiovascular
performance in young people has been studied mainly on small samples sizes [11], in non-athletic
subjects [13] and using different protocols. In addition, most studies with a large sample size did not
examine the role of weight status on cardiovascular response to exercise [12,14–16].

Young people who engage in competitive sports have improvements in physical performance and
a better cardiovascular response to effort than non-sports peers [18]. While sports appear to play a role
in reducing the prevalence of youth obesity [19], it is unclear whether it also has a protective role for
cardiovascular parameters related to physical exertion.

Therefore, the purpose of the study is to verify the impact of weight status on the cardiovascular
parameters before, during, and after a graded exercise test in a large population of young athletes.

2. Materials and Methods

Since 1982, all children in Italy have undergone pre-participation screening to obtain eligibility for
competitive sports. A retrospective study was conducted on the data coming from surveillance carried
out during the pre-participation screening of sports eligibility. These data came from the regional
reference center for Sports Medicine of the Tuscany Region, Italy in the period of 1 January 1998 to 31
October 2018, inclusively.

2.1. Study Population

We analyzed the data from 8307 young athletes (5578 males and 2729 females) aged between 6 and
18 years (mean age 13.9 ± 2.2 years). Inclusion criteria for the subjects were: Caucasian, practice sports
at a competitive level, and not to have any contraindications to sports eligibility. Exclusion criteria in
the analyses were having already carried out the same visit and being already included in the study
sample at a lower age, having received a temporary suspension of sports eligibility, having received
indications for further clinical and/or instrumental evaluations, having received sports eligibility for
less than 12 months and an age outside the range of ±6 months compared to the average age of its
own stratum.

The study was carried out in conformity with the ethical standards laid down in the 1975
Declaration of Helsinki. This study is part of a project of the Tuscany Region called “Sports Medicine
to support regional surveillance systems”. It was approved in the Regional Prevention Plan 2014–2018
with the number O-Range18. All data were processed anonymously.
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2.2. Clinical Evaluation

The procedures of clinical evaluation were in accordance with the Italian protocol [20], which
includes family and personal history, physical examination, and finally cardiological evaluation.

The physical examination also included the measurement of height and weight by trained
personnel, using appropriate equipment (Seca GmbH & Co., Hamburg, Germany). BMI was calculated
using the formula weight/height2 (kg/m2). In order to define normal weight (NW) and overweight/obese
status (O&O), a subdivision according to BMI, age, and sex was adopted following the classification
based on the International Obesity Task Force (IOTF) for children and adolescent [21].

Cardiological evaluation consisted of a 12-lead electrocardiogram (ECG) at rest and during a
GXT. Appropriate-sized and adjustable equipment was used to meet the demands of the pediatric age.
Both sexes performed GXT on treadmills or cycle ergometer. The GXT was performed by increasing
the speed and/or the grade of the treadmill or by increasing the work on the cycle ergometer with the
same pedaling frequency. In particular, Bruce modified protocol for the treadmill and an increase of
25 W every 3 min with a pedaling frequency of 70 rpm for the cycle ergometer were adopted [4] with
up to 85% of age-predicted maximal HR [20].

Sport eligibility certification is 1 year and generally it does not coincide with the beginning of the
competitive season. Therefore, the evaluations were performed during the regular season.

2.3. Variables

The variables used in this study derive from the clinical evaluation for eligibility in competitive
sports. Those resulting from the physical exam are gender, age, height, weight, BMI, weight status
(NW or O&O), resting HR and resting BP. Those resulting from the GXT are the number of completed
stages, HR at the interruption of the test (HR max), HR after 4 min post-test (HR rec), systolic and
diastolic BP at the end of the test (SBP max, DBP max), and the systolic and diastolic BP after 4 min
post-test (SBP rec, DBP rec). In order to evaluate the magnitude of increase and decrease during and
after the GXT, the differences between resting, maximum, and recovery values were calculated for
heart rate, systolic and diastolic blood pressure (∆ HR max-rest, ∆ HR max-rec, ∆ SBP max-rest, ∆ SBP
max-rec, ∆ DBP max-rest, ∆ DBP max-rec).

2.4. Statistical Analysis

The Mann–Whitney test was used to analyze independent and non-normally distributed
continuous variables (deviation from Gaussian distribution was checked by using the Shapiro–Wilks
test); data, for simplicity, are shown as mean ± SD. All statistical analyses were performed using
IBM-SPSS®version 25.0 (IBM Corp., Armonk, NY, USA, 2017). In all analyses, a two-sided p-value
≤0.05 was considered significant.

3. Results

Starting from 8307 subjects that were included in the study, 3075 males and 1299 females carried out
the cycle ergometer GXT and 2503 males and 1430 females carried out the treadmill GXT. The prevalence
of overweight and obesity in the whole sample was 13.4% (14.7% of males and 10.8% of females).

In the whole group, the excess weight condition led to higher resting HR (NW = 84.2 ± 14.2;
O&O = 86.9 ± 14.4 bpm; p < 0.001), SBP (NW = 102.2 ± 11.6; O&O = 106.2 ± 12.7 bpm; p < 0.001), and
DBP values (NW = 63.9 ± 8.3; O&O = 66.3 ± 8.3; p < 0.001).

On average, the O&O subjects managed to perform fewer stages during the GXT (Table 1.
This occurs mainly on the tests performed on the treadmill (NW = 7.8 ± 1.0, O&O = 7.4 ± 1.0; p < 0.001)
and in males (NW = 7.6 ± 1.5, O&O = 7.3 ± 1.4; p < 0.001). No differences were found in the maximum
HR values, not even based on the sex and type of exercise performed (Figures 1 and 2).
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Table 1. Differences in ∆ HR and in ∆ BP performances according to weight status, gender, and type of exercise performed.

Age
(years.)

BMI
(kg/m2) n. stages ∆ HR max-rest

(bpm)
∆ HR max-rec

(bpm)
∆ SBP max-rest

(mmHg)
∆ DBP max-rest

(mmHg)
∆ SBP max-rec.

(mmHg)
∆ DBP max-rec.

(mmHg)

Whole Group NW (7190) 14.0 ± 2.2 19.1 ± 2.2 ** 7.2 ± 1.5 ** 95.3 ± 13.8 ** 78.1 ± 13.1 * 34.6 ± 14.7 * 10.4 ± 8.7 ** 28.5 ± 13.1 * 5.9 ± 8.0

O&O (1117) 13.5 ± 2.2 24.3 ± 2.7 7.1 ± 1.4 92.9 ± 13.4 77.3 ± 12.1 35.8 ± 15.7 11.5 ± 8.7 29.5 ± 13.9 6.4 ± 7.8

Males
NW (4758) 14.2 ± 2.2 19.3 ± 2.2 ** 7.6 ± 1.5 ** 97.3 ± 13.4 ** 78.9 ± 12.9 * 36.5 ± 15.2 * 11.0 ± 8.9 * 30.1 ± 13.6 6.2 ± 8.0

O&O (820) 13.7 ± 2.1 24.4 ± 2.8 7.3 ± 1.4 94.5 ± 12.8 77.7 ± 12.2 37.9 ± 16.3 11.9 ± 8.9 31.1± 13.7 6.5 ± 7.9

Females
NW (2431) 13.7 ± 2.2 18.8 ± 2.2 ** 6.5 ± 1.3 91.3 ± 13.8 * 76.5 ± 13.3 30.7 ± 12.7 * 9.1 ± 8.2 25.4 ± 11.4 5.3 ± 7.8

O&O (298) 12.8 ± 2.3 24.0 ± 2.6 6.4 ± 1.2 88.5 ± 14.1 76.1 ± 11.7 29.7 ± 12.2 10.6 ± 8.0 25.0 ± 13.4 6.1 ± 7.6

Cycle NW (3814) 14.3 ± 2.2 19.4 ± 2.1 ** 6.8 ± 1.7 97.0 ± 13.8 ** 77.2 ± 13.2 * 38.1 ± 15.5 * 10.8 ± 9.0 30.5 ± 13.9 * 5.0 ± 8.0

O&O (560) 13.8 ± 2.1 24.5 ± 2.7 6.8 ± 1.7 94.2 ± 13.2 76.1 ± 12.1 39.6 ± 17.1 11.5 ± 8.9 31.9 ± 14.4 5.2 ± 7.8

Treadmill
NW (3377) 13.7 ± 2.4 18.9 ± 2.3 ** 7.8 ± 1.0** 93.3 ± 13.5 * 79.1 ± 12.9 30.6 ± 12.6* 9.8 ± 8.4 ** 26.2 ± 11.7 7.0 ± 7.8

O&O (556) 13.2 ± 2.3 24.1 ± 2.7 7.4 ± 1.0 91.7 ± 13.6 78.5 ± 12.0 31.9 ± 13.1 11.5 ± 8.5 27.1 ± 13.0 7.6 ± 7.7

Legend: HR: heart rate; BP: blood pressure; NW: normal weight; O&O: overweight and obese; SBP: systolic blood pressure; DBP: diastolic blood pressure. * p < 0.05 between normal
weight and overweight and obese subjects, ** p < 0.001 between normal weight and overweight and obese subjects. In parentheses, the number of subjects referred to the group.
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Figure 1. Differences in HR performances during cycle ergometer graded exercise test (GXT) according
to weight status and gender. Legend: HR: heart rate, NW: normal weight; O&O: overweight and obese.
* p < 0.05 between normal weight vs. overweight and obese females, # p < 0.05 between normal weight
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Figure 2. Differences in HR performances during treadmill GXT according to weight status and 
gender. Legend: HR: heart rate, NW: normal weight; O&O: overweight and obese. * p < 0.05 between 
normal weight vs. overweight and obese females, # p < 0.05 between normal weight vs. overweight 
and obese males. 

SBP values reached at the end of the test were higher in O&O subjects (NW = 136.7 ± 18.8; O&O 
= 141.9 ± 20.2 mmHg; p < 0.001; Figure 3 and Figure 4). The maximum DBP was on average higher in 
the O&O (NW = 53.5 ± 8.0; O&O = 54.7 ± 8.2 mmHg; p < 0.001); however, this difference disappeared 
by taking the test on the treadmill (NW = 53.7 ± 7.9, O&O = 54.3 ± 8.2 mmHg; p > 0.05; = NS; Figure 
4). 

Figure 2. Differences in HR performances during treadmill GXT according to weight status and gender.
Legend: HR: heart rate, NW: normal weight; O&O: overweight and obese. * p < 0.05 between normal
weight vs. overweight and obese females, # p < 0.05 between normal weight vs. overweight and
obese males.
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SBP values reached at the end of the test were higher in O&O subjects (NW = 136.7 ± 18.8; O&O =

141.9 ± 20.2 mmHg; p < 0.001; Figures 3 and 4). The maximum DBP was on average higher in the O&O
(NW = 53.5 ± 8.0; O&O = 54.7 ± 8.2 mmHg; p < 0.001); however, this difference disappeared by taking
the test on the treadmill (NW = 53.7 ± 7.9, O&O = 54.3 ± 8.2 mmHg; p > 0.05; = NS; Figure 4).Sustainability 2020, 12, x FOR PEER REVIEW 3 of 14 
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Figure 3. Differences in blood pressure (BP) performances during cycle ergometer GXT according to
weight status and gender. Legend: BP: blood pressure; NW: normal weight; O&O: overweight and
obese. * p < 0.05 between normal weight vs. overweight and obese females, # p < 0.05 between normal
weight vs. overweight and obese males.

After 4 min from the end of the GXT, in whole group the HR remained higher in the O&O subjects
(NW = 101.4 ± 13.1, O&O = 102.6 ± 12.7 bpm; p < 0.05; Figures 1 and 2). The same behavior is also
described in Figures 3 and 4 for SBP (NW = 108.2 ± 13.4, O&O = 112.4 ± 14.3 mmHg; p < 0.001) and for
DBP (NW = 59.4 ± 7.8, O&O = 61.1±7.8 mmHg; p < 0.001).

The results relating to the magnitude of the increase and decrease in HR, SBP, and DBP are shown
in Table 1. These values show a high statistical difference (p < 0.001) in ∆HR max-rest and ∆SBP
max-rest, a statistical difference (p < 0.05) in ∆HR max-rec and ∆SBP max-rec, and finally no difference
in the ∆DBP max-rec between athletic subjects NW and O&O.

Figures 1 and 2 show the chronotropic increase and decrease during and after the GXT. In particular,
Figure 1 shows that from the 3rd stage there are no differences in HR in male subjects who performed
the cycle ergometer GXT (NW = 123.0 ± 18.5, O&O = 124.8 ± 18.0 bpm; p = NS). Table 1 shows that
on the cycle ergometer there were no differences on the number of competed stages (NW = 6.8 ± 1.7,
O&O = 6.8 ± 1.7 bpm; p = NS) between NW and O&O subjects.

Table 2 reports the results stratified by age and gender. The differences in cardiovascular
parameters between NW and O&O appear greater in males and with increasing age. However, the
differences already begin in the age group of 8–10 years: resting BP is greater in O&O males. From
the age group 12–14 years and onwards, all parameters analyzed (except HR max) show higher
values in males. In contrast, O&O athletic females show higher BP values in comparison with NW
athletic females.
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Table 2. Differences in HR and BP performances at rest, at the maximum effort and after 4 min of recovery according to weight status, age, and gender.

Rest Maximum Recovery

HR rest
(bpm)

SBP rest
(mmhg)

DBP rest
(mmhg)

HR max
(bpm)

SBP max
(mmhg)

DBP max
(mmhg)

HR rec.
(bpm)

SBP rec.
(mmhg)

DBP rec.
(mmhg)

8–10 years
Males

NW (176) 86.4 ± 14.2 88.5 ± 8.0 * 57.2 ± 7.0 * 180.1 ± 8.7 116.1 ± 14.4 * 50.2 ± 7.7 93.7 ± 13.3 91.6 ± 10.2 * 55.3 ± 7.2

O&O (32) 89.4 ± 13.0 93.9 ± 8.3 60.3 ± 5.7 180.7 ± 6.9 122.7 ± 14.2 50.9 ± 8.6 93.9 ± 12.5 95.9 ± 9.5 55.8 ± 8.2

Females
NW (145) 95.3 ± 13.0 89.7 ± 9.0 57.2 ± 7.8 * 183.2 ± 7.6 113.3 ± 11.3 49.8 ± 8.0 100.9 ± 11.5 91.0 ± 9.7 * 54.8 ± 6.5

O&O (42) 94.8 ± 12.5 92.0 ± 9.9 60.4 ± 7.1 184.9 ± 6.8 117.5 ± 15.0 51.7 ± 7.4 102.7 ± 15.6 95.4 ± 9.8 56.4 ± 5.4

10–12 years
Males

NW (488) 85.6 ± 12.7 94.8 ± 8.7 ** 59.8 ± 7.3 ** 180.9 ± 7.0 124.6 ± 14.4 ** 52.1 ± 7.7 96.3 ± 13.1 * 98.8 ± 10.0 ** 57.5 ± 7.3 *

O&O (108) 88.4 ± 13.6 100.1 ± 10.3 63.1 ± 6.9 181.3 ± 8.5 132.1 ± 15.0 53.1 ± 6.9 99.7 ± 13.6 105.3 ± 10.4 59.4 ± 6.3

Females
NW (415) 92.5 ± 14.1 94.1 ± 9.0 ** 59.2 ± 6.8 ** 183.1 ± 7.1 121.8 ± 13.1 51.1 ± 7.5 104.2 ± 15.0 97.3 ± 9.7 * 56.8 ± 7.1 *

O&O (62) 95.4 ± 13.3 99.8 ± 11.7 63.9 ± 7.5 183.8 ± 8.6 124.4 ± 15.3 51.5 ± 7.0 105.1 ± 12.2 103.5 ± 16.6 59.8 ± 7.4

12–14 years
Males

NW (1406) 83.9 ± 13.2 ** 99.7 ± 10.3 ** 62.1 ± 7.7 ** 180.1 ± 7.5 133. 5 ± 16.1 ** 54.4 ± 8.4 ** 99.3 ± 12.7 * 105.8 ± 11.9 ** 58.2 ± 7.1 **

O&O (294) 87.1 ± 12.4 105.2 ± 12.4 65.6 ± 7.9 180.3 ± 7.6 139.9 ± 16.7 52.1 ± 7.8 101.5 ± 12.4 110.9 ± 12.1 60.6 ± 7.8

Females
NW (758) 92.0 ± 14.3 * 99.4 ± 9.8 ** 62.5 ± 7.2 * 181.1 ± 7.1 130.6 ± 14.7 ** 53.2 ± 7.4 104.6 ± 13.6 104.9 ± 10.9 ** 58.7 ± 7.6 *

O&O (98) 94.5 ± 14.0 103.7 ± 10.6 64.4 ± 7.7 181.6 ± 6.9 134.9 ± 12.4 54.2 ± 6.9 106.7 ± 12.5 107.9 ± 10.7 60.9 ± 6.3

14–16 years
Males

NW (1555) 80.2 ± 13.0 * 107.0 ± 10.6 ** 66.2 ± 8.1 ** 178.5 ± 8.1 145.4 ± 16.8 ** 54.2 ± 8.1 ** 101.4 ± 12.7 * 113.9 ± 11.8 ** 60.4 ± 7.9 **

O&O (249) 82.1 ± 14.5 112.2 ± 10.8 69.0 ± 8.2 178.4 ± 7.6 153.5 ± 17.4 56.1 ± 8.7 103.1 ± 12.7 120.4 ± 12.0 62.3 ± 7.7

Females
NW (690) 87.9 ± 14.3 102.3 ± 9.8 * 64.3 ± 7.8 * 179.0 ± 8.0 134.1 ± 14.6 * 54.6 ± 7.6 * 103.0 ± 11.5 108.5 ± 11.2 * 59.9 ± 7.4

O&O (68) 88.0 ± 15.0 106.5 ± 12.2 67.0 ± 8.4 179.3 ± 6.3 139.0 ± 15.9 56.7 ± 7.7 105.1 ± 12.5 112.3 ± 13.0 61.0 ± 8.7

16-18 years
Males

NW (1133) 77.5 ± 13.0 * 110.1 ± 10.7 ** 68.5 ± 7.7 176.5 ± 6.1 151.6 ± 18.1 ** 55.5 ± 8.4 * 101.2 ± 12.5 * 118.1 ± 11.9 ** 62.4 ± 8.2 **

O&O (137) 81.0 ± 14.5 114.1 ± 11.2 70.5 ± 8.2 176.5 ± 7.3 159.6 ± 20.9 57.2 ± 8.6 103.1 ± 11.2 123.3 ± 12.7 65.1 ± 7.9

Females
NW (425) 86.2 ± 14.3 102.2 ± 10.5 65.2 ± 7.7 * 178.4 ± 6.3 135.5 ± 15.5 * 55.6 ± 5.6 107.9 ± 13.0 108.8 ± 12.8 * 60.2 ± 8.4

O&O (26) 89.5 ± 16.8 105.4 ± 12.2 67.4 ± 6.3 177.0 ± 7.3 139.4 ± 15.9 55.6 ± 7.7 103.9 ± 13.1 112.7 ± 11.8 60.8 ± 7.6

Legend: HR: heart rate; BP: blood pressure; NW: normal weight; O&O: overweight and obese. * p < 0.05 between normal weight and overweight and obese subjects, ** p < 0.001 between
normal weight and overweight and obese subjects. In parentheses, the number of subjects referred to the group.
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Figure 4. Differences in blood pressure (BP) performances during treadmill GXT according to weight
status and gender. Legend: BP: blood pressure; NW: normal weight; O&O: overweight and obese.
* p < 0.05 between normal weight vs. overweight and obese females, # p < 0.05 between normal weight
vs. overweight and obese males.

4. Discussion

The objective of this study was to describe the impact of excess weight on the cardiovascular
parameters in young athletes; therefore, heart rate and blood pressure values resulting from a GXT
were analyzed. Although the results of the present study were within normal range, they demonstrate
how excess weight affects the cardiovascular parameters recorded both at rest and during physical
exertion, even in young, healthy, and sporty people [22].

Epidemiologically, the prevalence of overweight and obesity is in agreement with previous studies
carried out on young athletic subjects of the same territory [23–25].

Unlike previous studies [3], HR max was the only parameter not affected, both by analyzing the
sample based on gender and the type of exercise performed. However, Italian guidelines declare
that the achievement of 85% of age-predicted maximal HR is a main criterion to define a sufficient
effort during GXT and generally, it is used in combination with other parameters to terminate the
evaluation [20]. Although HR max shows no differences between the NW and O&O subjects, the
magnitude of increase or decrease, studied with ∆ HR max-rest and ∆ HR max-rec, is influenced
by the parameters of HR rest and HR recovery, both greater in subjects with excess weight [12]. In
particular, the differences between NW and O&O in HR at rest start from the age group of 12–14 years
in the male group. This confirms the results of previous studies conducted on non-sports subjects [26];
however, the HR rest of non-athletic obese children appears higher than the results obtained from
O&O subjects of the present study conducted on a sample of young athletic subjects. The differences
between NW and O&O in HR recovery also begin in the male group but already from 10–12 years. The
comparison in HR recovery between the values of the sports subjects recorded after 4 min with those
of the non-sports subjects recorded after 6 min from the end of the GXT describe a better performance
in young athletes on average of 5 bpm for the subjects NW than for O&O [26]. Therefore, it is possible
to speculate that sports practice can improve HR at rest and the recovery process after physical effort
also in excess body weight condition. Furthermore, the differences in HR between NW and O&O can



Sustainability 2020, 12, 3964 9 of 11

be shown early through physical exertion. In fact, the GXT results show these differences in a previous
age group compared to those shown in resting conditions.

The parameter that appears most influenced by excess weight is the SBP, which undergoes an
increase both in resting values, at the peak of the effort and after 4 min from the interruption of the
GXT, probably due to a greater cardiac output in the O&O subjects [17]. As reported by previous
studies [14], our results also show that older athletes have a lower SBP max value than younger ones.
The physiological response of SBP during dynamic exercise usually involves an increase from 50 to
70 mmHg in young people whether they are normotensive or hypertensive [27]; however, ∆ SBP
max-rest shows data around 30–40 mmHg, with higher values in the exercise performed by the females
and with cycle ergometer. This lower ∆ SBP max-rest value obtained by young athletic subjects
suggests a better relationship between cardiac output and the response of the vascular endothelium.
The analysis of the ∆ SBP max-rec results show less significant differences, therefore the SBP has
slightly higher values but the effort in excess weight conditions has a reduced effect on the recovery of
blood pressure in young athletes.

There is currently no behavior recognized as physiological in DBP’s response to exercise; some
published studies have shown a decrease in DBP, whereas others have reported no change in the levels
observed at rest and a few have noted an increase in DBP [10,28]. Our DBP results shows a decrease
behavior of about 10 mmHg upon reaching the peak of the exercise. Excess weight affects resting
values in both sexes, while the values related to effort are mainly higher in males from 12 years old.
In particular, the analysis of ∆ DBP does not seem to add information in this context.

Body weight influences physical performance [26,29]; the results relating to the number of
completed stages show lower values in O&O subjects. A condition that appears to reduce this behavior
is the use of the cycle ergometer. This is probably because in young athletes, where there is no state of
physical deconditioning, the support that the tool exerts on weight is somehow useful, avoiding any
direct gravity action of the body on the ground.

The use of the cycle ergometer also promotes the reduction of the differences between NW and
O&O in DBP values in females at the maximum effort and during recovery. However, it appears more
effective in reducing chronotropic increase differences in males. No difference, in fact, was registered
from the third stage, probably because of the body weight support action.

The present study shows strengths. First, the subjects were different from each other, they all
belonged to the same center, and the evaluation methodology was standardized. The second is the
homogeneity of the sample, all young people practiced organized sports at a competitive level.

The study has the limitation of being retrospective; this influences causality because the registered
weight status is established in advance of the exercise test day. In addition, the study defines the
weight status through the BMI: this method has the intrinsic limitation in distinguishing an overweight
condition due to an excess of body fat from that due to a prevalence of muscle tissue. However, the
authors chose this study design and the use of BMI in order to achieve this sample size with the
homogeneity between the subjects described above.

This study did not distinguish children and adolescents by maturity stage; it could be inferred
that the heterogeneity of the sample could alter the accuracy of the results. However, the objective
of the study does not foresee the evaluation following growth phases, since this aspect involves an
additional variable that would not allow the evaluation carried out on such a large sample [30].

5. Conclusions

Excess weight affects cardiovascular parameters both at rest and in response to physical exertion
during youth. The cardiovascular parameters analyzed in the present study are heart rate and blood
pressure: the effect that excess weight has on these parameters increases with the progress of growth.

The parameters that could help provide further information seem to be the differences (∆) between
rest and peak of effort and between peak of effort and after 4 min of recovery.
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However, competitive sports seem to be able to keep these parameters within the normal range
even in young overweight athletic subjects. This once again highlights the effectiveness of youth from
a public health perspective.
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