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Abstract

Background: Mediterranean lifestyle has consistently been shown to reduce cardiovascular morbidity and mortality. Physical activity is beneficial to health, although
it needs to be carefully studied in extreme conditions. Hypertension depends on sedentary lifestyles, stress, and bad habits such as excessive consumption of food and
salt. Chronic sleep deprivation alone has been associated with cardiovascular diseases such as hypertension, diabetes, and obesity. The patient must be educated.

Aim: The main objective of this study was to evaluate parameters of non-invasive health such as blood pressure and heart rate in the federated population in winter
sports in Andalusia (Spain) relating to body composition.

Methods: Cross-sectional observational study. Sample of 234 subjects currently federated in the Andalusian Federation of Winter Sports (Spain). Ages between
12-30yrs (51.6% women, 48.4% men). Subjects carried out surveys with a physical examination, blood pressure measurements, electrocardiogram performance, and
parameters to assess body composition.

Results: None of the younger male subjects had hypotension or bradycardia (76.6% normotensive, 80.4% normal heart rate). None of the adults had hypotension
or tachycardia (82.4% normotensive) and none of the women had bradycardia. Mean weight values (men and women) with a tendency to significance (p = 0.064). %Fat
means of men was 19.18% (SD: 5.90) and 23.61% (SD: 8.91) for women. For systolic and diastolic tensions no differences were found by gender. There is no correlation
between systolic and diastolic blood pressure with body composition or nutrient intake, however, there is a negative correlation between hours of sleep and blood pressure
(p <0.001).

Conclusion: %fat can inform of the risk of cardiovascular diseases. Performing intense aerobic physical exercise can cause sinus bradycardia at rest. Sleeping and
having a restful and deep sleep reduces the risk of suffering from high blood pressure. Assessing blood pressure and anthropometric measurements is important to
estimate the general health of children, adolescents, and adults. This is the case with alpine skiing in the south of Spain where the athlete lives in these conditions. Future
works related to this population living in high-altitude conditions should be studied to see the impact of altitude on the health and sporting performance of acclimatized
people.
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Introduction

The benefits of an active lifestyle are well-known and
include a reduced risk of numerous non-communicable
diseases. [1]. Cardiovascular diseases are the main cause of
morbidity and mortality in the world [2]. Having a good diet
and carrying out physical activity, thus avoiding a sedentary
lifestyle, would reduce the prevalence of suffering from this
type of disease. Getting to change lifestyles would mean that
up to 40% of premature deaths from cardiovascular disease
could decrease [3]. In this case, the Mediterranean lifestyle
(the Mediterranean Diet (MD)) has been consistently shown
to reduce cardiovascular morbidity and mortality. These
improvements coincide with the reduction in death from
cardiovascular disease with physical activity (PA) and smoking
cessation. The MD emphasizes the abundance of plant-based
foods such as virgin olive oil as the main source of fat, limited
dairy products, the consumption of moderate amounts of
fish, poultry, and wine, low amounts of red meat and fresh
fruit, per day, in accordance with the recommendations of
the European Society of Cardiology (ESC) for the distribution
of energy in the diet [4] The consumption of olive oil helps
prevent cardiovascular diseases, its mechanism of action is due
to the presence of phenolic compounds, powerful antioxidants.

Training in extreme and hypoxic conditions (> 2000 m
altitude) changes nutritional needs, having an acclimatization
effect. There is evidence that the body composition of athletes
who are exposed to altitude can change significantly after
training since there is a slight reduction in body mass due to
fluid loss. However, the most important changes are attributed
to the chronic lack of oxygen that initiates many physiological
and cardiovascular changes [5].

Arterial hypertension is an affectation that results from the
lifestyle, among other risk factors, of western societies, since
overeating, excessive consumption of salt, sedentary life, and
stress contribute to its development.

The limit for a subject to be considered hypertensive must
be greater than 130/80 mmHg. Knowledge of the risk factors
of arterial hypertension is key to its prevention, management,
and control.

Primary prevention is a strategy aimed at the high-risk
group. To be successful, the patient must be educated and
taught lifestyle modifications [6,7]. In addition, there are
certain non-modifiable factors such as family history, sex
(being male is a risk factor for pathologies of ischemic origin
and arterial hypertension), and race (the black race is the one
with the highest incidence) [8-10]. Thus, hypertension is the
result of a multifactorial process that implies that prevention
through education and modification of the patient's lifestyle
continues to be a challenge for the staff and preach healthy
habits for a healthy life.

In 2010, an article was published showing that between
1% to 5% of children and adolescents worldwide suffer from
high blood pressure [10] Overweight and obesity predispose to
high blood pressure, but the level of risk depends particularly
on the excess of adipose tissue and its distribution. The body
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composition of boys and girls aged 6 to 16 years should be
considered very important for the diagnosis of cardiovascular
prevention [11]. In North American children between 6-11yrs,
the prevalence of obesity has tripled from 4% to 13% [12]. In
Spain similar data are shown in children from 6 to 12yrs [13].
There is multiple evidence showing that being overweight or
obese in childhood increases the risk of obesity in adulthood
and as age increases, obesity progressively increases as well.
Likewise, several studies have evaluated long-term mortality
and morbidity of the fat percentage in the childhood and youth
stage associated with excess mortality in adulthood [14].

Therefore, it should be noted that obese children have a
predominance of isolated systolic hypertension, in addition,
the risk of hypertension in children increases as a function
of body mass index (BMI) [15]. Chronic sleep deprivation
alone has been independently associated with cardiovascular
diseases such as hypertension, diabetes, and obesity [16].
Therefore, it should be considered important to rest adequately
daily in addition to maintaining a good diet and daily life habits
to achieve good health.

It is, therefore, necessary to study people exposed to
extreme and hypoxic conditions who, due to major changes
in chronic oxygen deprivation and physiological and
cardiovascular changes, have their needs modified. The main
objective of this study was to evaluate non-invasive basic
health parameters such as blood pressure and heart rate in a
federated population in winter sports in Andalusia, relating
them to body composition parameters such as weight, BMI,
height, and fat percentage. As partial objectives we propose
to analyze the state of cardiovascular health associated with
training at altitude and extreme environmental conditions and
to know the relationship between body composition parameters
with blood pressure measurement, considering sex and age.

Materials and methods
Design and subjects

A cross-sectional observational study project was carried
out. The Andalusian Federation of Winter Sports (Spain)
collaborated on the project with the Department of Nutrition
and Food Science of the University of Granada (Spain).
According to the data of The Spanish Federation of Winter
Sports about winter sport population residents in Andalusia
(Spain), was estimated that a sample size of at least 107
participants would be sufficient under the conditions of
a=0.05, and two-sided confidence interval=90%. The sample
was composed of 234 subjects who were federated during
the study in the Andalusian Federation of Winter Sports with
ages between 12 and 30yrs (Young persons: 12-17yrs, Adults:
18-30yrs). 51.6% of the subjects were women and 48.4%
were men. The inclusion criteria were: a) the signing of the
voluntary consent to collaborate with the research study. b)
Being a federated competitor in some winter sports discipline
at that time. Those who were not federated competitors in the
Andalusian Federation of Winter Sports or who did not want
to be part of the project voluntarily were excluded from the

research study.
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Questionnaire

Informed consent was administrated. Personal and sports
data collection, Food Frequency Questionnaire (FFQ), 3 days
24-hour recall (R24h) and sports recall (R24h-activities),
hydration questionnaire, perception survey on healthy eating,
and American Heart Association survey.

Anthropometry

Scale, Height Rod, Holtain LTD Tape Measure, and Holtain
LTD Skinfold Caliper.

Electrocardiograph

2 methods were used to perform electrocardiograms, for
the non-technician ones, a Mortara Eli 150c electrocardiograph
was used. Two Holter eMotion Faros devices.

Tensiometer OMRON brand digital tensiometer

Softwares: Software Kubios and eMotion Faros (through
these 2 programs it was possible to collect Holter data to
observe 24 hours of cardiac function). SPSS vs 25.0 (Statistical
program to create databases of FFQ and R24h), Microsoft Excel
(For the creation of the 24-hour reminder database), Microsoft
Word (For the writing and editing of the work report), and
Dropbox (To share the data corresponding to each specialty).

The design of the different surveys was carried out over 5
weeks. This survey consisted of Informed consent explaining
the protocol to be followed and the authorization of the legal
guardians if the participant was a minor. This consent was
authorized by the Ethics Committee of the IBS of Granada
(Spain) and the University of Granada (Spain) (ref. 1162/
CEIH/2020) and complies with the Helsinki regulations.
Personal and sports data of the respondent: assigned code,
name, surnames, address, contact data, date of birth, age,
sex, marital status, level of studies, job occupation, sports
modality, sports level, time of the season, and club to which
they belonged.

Food frequency questionnaire: Long list of foods normally
consumed in the Spanish population where the individual had
to indicate the frequency with which they ate food during the
year.

24-hour recall of nutrition (R24h) hydration and physical
activity: Food eaten throughout the day is collected (3 days),
taking into account place, time, drink, and type of drink and
quantities of each ingredient. For physical activity, the type of
exercise performed, hours of rest, and sleep, thus indicating
durationintime. Perception survey onhealthyeating: Qualitative
questionnaire to assess athletes' awareness of healthy eating.
Including the sections, on healthy characteristics of the diet,
quality of cooking, nutritional situation, feelings generated by
food, perception of energetic foods, and other suggestions.

Survey of the American heart association: To know the
cardiopathological medical history, 10 questions were asked
that included (ischemic heart disease, cardiac disability or
involvement, hypertension or chest pain due to exertion) of the
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participants, as well as the family history that indicates a risk
of cardiac pathology (premature death).

Fieldwork phase: 1. Performing a12-lead electrocardiogram,
subsequently reviewed by the cardiologist who collaborated
with the project, measuring the blood pressure and heart
rate of the study subjects. Assessing as hypotension below
90/60mmHg and hypertension above 140/90mmHg. Heart rate
has also been assessed, data that has been coded as Normal
heart rate (60-100 beats per minute), bradycardia below 60
beats per minute at rest, and tachycardia more than 100 beats
per minute at rest. 2. Anthropometric assessment: Body weight,
height, perimeter, skinfolds (bicipital, tricipital, subscapular,
suprailiac, abdominal, thigh, leg), and estimation of body
composition by anthropometry. 3. Determination of Resting
Energy Expenditure (REE). 4. Determination of Total Energy
Expenditure (TEE).

Statistical analysis

SPSS version 25.0 (IBM. Chicago. IL) was used for the
statistical analysis. A descriptive analysis was conducted
to calculate percentages, means, standard deviations (SD),
medians, and maximum and minimum values. For comparisons
between groups of categorical variables, Student's t-test
and Chi-squared test were used. In the case of bivariate
correlations, Pearson’s rho correlation coefficient was used. All
reported p-values were based on the two-tailed test, and the
level of statistical significance for all tests was set at 95%.

Results

Of the younger subjects, none of the males had hypotension
or bradycardia. 76.6% were normotensive. 4.3% had
tachycardia. 80.4% had a normal heart rate. Of the adults, none
of the subjects had hypotension or tachycardia. 82.4% were
normotensive. None of the women had bradycardia (Table 1).

The mean weight values between men and women are
different although there is only a tendency to significance (p =
0.064). The same is true for BMI. The fat percentage between
men and women does show statistically significant differences,
with the lowest mean fat value for men with a mean of 19.18%
(SD: 5.90) as opposed to 23.61% (SD: 8.91) for women. For
both systolic and diastolic tensions no statistically, significant
differences were found when comparing the mean values by
gender (Table 2).

There is no correlation between systolic and diastolic blood
pressure with body composition variables or nutrient intakes
related to cardiovascular factors. However, there is a negative

Table 1: Description of cardiovascular parameters by age groups.

Young persons (%) Adults (%)
p

Men Women Total Men Women Total
Hypotension 0,00 11,50 6,40 0,00 0,00 0,00

, 5936 0,051
Normotension 9520 61,50 76,60 80,00 8570 8240
Bradycardia 000 400 220 1000 000 590
':ll'achytlzc;:rdla 480 4,00 0,00 0,00 0,00 0,00 3083 0379
ormalHeart 5590 6800 8040 7000 8570 7650
Rate
037
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Table 2: Body composition and blood pressure variables description.

Men
SD minimum  maximum SD
Weight (kg) 4806 2137 16,40 84,90 4420 16,76
BMI(kg/m?) 1989 430 1395 27,41 1910 3,69
Aged (yrs) 1687 1210 400 50,00 1806 14,48
% Fat 1918 590 1036 3312 2361 891
Systolictension oo 1570 8300 180,00 10490 1420
(mmHg)
Dyastolictension o o) 1381 4500 10300 71,00 1270
(mmHg)

* t-tests for the comparison of variables by gender

correlation with a significance value of p < 0.001 between
reported hours of sleep and blood pressure (Tables 3,4).

Discussion

Given the results of the present study, in this sample, it is
characteristic to point out that, of the subjects of legal age, none
suffered from hypotension. Unlike the minors, of whom only
11.5% of the women had hypotension and 4% bradycardia, this
may be associated with the fact that female hormones play an
important role in cardiovascular pathophysiology, which leads
to women being protected against cardiovascular diseases [17].
In the case of older men, 10% have sinus bradycardia at rest,
since the population is an athlete, it can be associated with
the type of exercise they perform, and the stage of training in
which they are [18]. None of the participants had hypertension.
In the case of minors, the prevalence of pediatric hypertension
is between 7% - 10%, with evidence that one of the determining
factors of this is obesity, none of our participants was obese,
this could determine what to add as growth and development
parameter to blood pressure would be quite interesting [19].
The variables that measure fat accumulation were at normal
levels. Given that obesity is associated as a variable of
cardiovascular risk, it can be concluded that the assessment
of fat is a simple measurement to obtain in primary care
capable of discriminating the subject at cardiovascular risk.
Assessing blood pressure and anthropometric measurements
is important to estimate the general health of children,
adolescents, and adults. In the present study, no statistically
significant correlation was identified between systolic blood
pressure and diastolic blood pressure with anthropometric
measurements. No statistically significant differences were
found between anthropometric measurements and blood
pressure classification by sex. It is important to highlight
that, between both sexes, the fat percentage was higher in
women, in this case, there are controversies between studies
of the distribution of body fat about sex. Some studies claim
that there would be no difference between gender and their
distribution of fat [20]. While others show that there is a
tendency for greater fat concentration in the trunk in men and
a greater accumulation of fat in the upper extremity in women.
[21]. In the present study, a correlation is found between the
hours that the population declares to sleep and blood pressure.
Thus, suffering from sleep disorders such as insomnia is

Women
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Total
p*
minimum  maximum SD minimum maximum
14,00 75,30 46,08 19,03 14,00 84,90 0,064
13,89 29,79 19,48 3,98 13,89 29,79 0,075
3,00 61,00 17,48 13,29 3,00 61,00 0,594
9,71 44,87 21,55 791 9,71 44,87 0,025
71,00 132,00 110,70 17,49 71,00 180,00 0,359
43,00 97,00 72,40 13,20 43,00 103,00 0,811

Table 3: Correlation of blood pressure, body composition, and biochemical
parameters in the study population.

Systolic Tension Diastolic Tension

Age (yrs) R 0,002 0,034
e (yrs
gely P 0,985 0,791
R 0,112 0,110
Weight (k
eight (kg) P 0,382 0,391
. R 0,236 0,245
Height (cm)
P 0,063 0,053
R 0,027 0,027
BMI (kg/m?)
P 0,832 0,832
o R -0,002 0,034
% Fat
P 0,985 0,793
. R 0,153 0,133
Sodium (mg)
P 0,227 0,295
R 0,011 -0,023
Cholesterol (mg)
P 0,930 0,859
R -0,449 -0,479
Sleep (hours)
P 0,001 0,001

Table 4: Results were obtained in the study population with respect to the American
Heart Association survey.

Young persons
(%)
Yes No Yes No Yes No

Adult (%) Total (%)

Chest pain/discomfort

straining 2,60 97,40 0,00 0,00 1,70 98,30
Exertional syncope 2,60 97,40 0,00 0,00 1,70 98,30
Exertional fatigue 1030 8720 1430 8570 10,00 88,30
Prior ';Z‘:i“:trio” ° 510 o400 1430 8570 670 9330
High blood pressure 0,00 0,00 0,00 0,00 0,00 100,00
Prior restriction in sports 0,00 0,00 0,00 0,00 0,00 100,00
Cardiac tests ordered 12,80 8720 2140 7860 16,90 83,10
Family premature death 0,00 0,00 0,00 0,00 0,00 100,00
Disab"i;’i'si::" heart 70 9230 000 000 500 9500
Familial heart disease 2310 7690 21,40 78,60 20,00 80,00

None of the adults have experienced exertional pain or syncope. None of the
subjects reported suffering from hypertension, premature family death, or previous
restriction in sports. 16.9% of the total have been asked for previous cardiac tests.
6.7% reported having a heart murmur.

associated with hypertensive patients [22]. Maintaining a good
state of psychological factors (stress and anger) and sleeping,
managing to lower blood pressure levels [23].
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Strengths and limitations of the study

This study has several limitations. First, the cross-sectional
study limits the ability to establish a cause-effect relationship
between the variables under study. Second, the data obtained
regarding physical activity and nutrition were reported by the
participants, so their interpretation must be performed with
caution.

Conclusion

Maintaining an adequate percentage of fat can inform us
of the risk of cardiovascular diseases such as hypertension
or tachycardia. Performing intense aerobic physical exercise
can cause sinus bradycardia at rest. Female hormones have a
protective effect against cardiovascular diseases. Sleeping and
having a restful and deep sleep reduces the risk of suffering
from high blood pressure. Assessing blood pressure and
anthropometric measurements is important to estimate the
general health of children, adolescents, and adults.

Training at altitude is a very common practice in Olympic
sports. Some of these sports are obliged to be practiced in high
altitude conditions due to their location, regardless of the
objective of the training. This is the case with alpine skiing in
the south of Spain where the athlete lives in these conditions.
That is why from the area of sports medicine the vital
parameters that determine their health and their adaptation
to the environment must be described. Future works related
to this population living in high-altitude conditions should be
studied to see the impact of altitude on the health and sporting
performance of acclimatized people.
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