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INTRODUCTION
WHO DOES NOT WANT TO BE HEALTHY?
Living a healthy life or being a healthy person is becoming more and more of a trend, and certainly
the goal of many. In a way, who would not like to have a long life of great quality? Without back
pain due to bad posture during work or daily activities, without physical discomfort during
exercise due to overweight, with an emotional balance that avoids stress situations and allows us
to deal with problems autonomously and efficiently, starting each day loaded with energy to
achieve your personal and professional goals, among many other things. After all, who does not
want to take advantage of every day in its fullness?
It is true that even though many people have the purpose of changing their lifestyle to be
healthier, it is not always easy. Multi-disciplinary factors come into play, including everything from
physical health, psychological state, employment, social relationships, habits, the environment
and food.

THE IMPACT OF HEALTHY LIFESTYLE FACTORS ON HEALTH CONDITION
In 2018, a group of researchers decided to analyze the impact of adopting healthy living measures
on life expectancy 1. Sampled from a cross-section of the U.S. population, their purpose was to
analyze why Americans have shorter life expectancies compared to residents of nearly all other
high-income countries.
They included five factors in the analysis: diet, physical activity, alcohol consumption, and body
mass index. Other non-modifiable factors were not included as clinical risk factors such as
hypertension, medication, etc.
Each of these factors was scored as low or high risk, depending on each subject, acquiring a final
score as the sum of the 5 factors (Figure 1).The higher scores indicated a healthier lifestyle.
From the analysis of the scores obtained, a number of conclusions were drawn. It turns out that
healthy habits make a big difference. People who met the criteria for all five habits enjoyed
significantly longer lives than those who had none: 14 years for women and 12 years for men (if
they had these habits at age 50). People who had none of these habits were much more likely to
die prematurely from cancer or cardiovascular disease.
This study also calculated life expectancy based on the number of these five healthy habits people
had. If only one healthy habit is adopted, no matter what, life expectancy was extended by two
years in both men and women. It is not surprising that the more healthy habits people had, the
longer their lives were.
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FIGURE 1: GRAPHS (B) ESTIMATED LIFE EXPECTANCY FOR MEN AND WOMEN BASED ON THE NUMBER OF
LOW RISK FACTORS ADOPTED. GRAPHS (C) INCREASE IN LIFE EXPECTANCY BY ADOPTING A CERTAIN
NUMBER OF LOW RISK FACTORS AT AGE 50 1 .

This reveals and confirms previous similar research, the great importance of taking healthy
measures in time and the great impact it has on life expectancy.
Another study conducted in 2017 2, using the Retirement Health Study database, showed that
people aged 50 and over who were normal weight, had never smoked, and drank alcohol in
moderation lived an average of seven years longer.
A 2012 mega-analysis 3 of 15 international studies that included more than 500,000 participants
found that more than half of the premature deaths were due to unhealthy lifestyle factors such
as poor diet, inactivity, obesity, heavy alcohol consumption and smoking. A healthy lifestyle was
associated with an estimated increase of 7.4 to 17.9 years in life expectancy in Japan, the United
Kingdom, Canada, Denmark, Norway, and Germany. And the list of supporting research
continues.

LET'S GIVE A SMART SOLUTION
Because of the great impact of adopting a healthy lifestyle in time, there are more and more
intelligent devices that make it easier to keep track of our medical condition. Taking care of our
health is essential, and sometimes a challenge when we don't know what the right guidelines are.
For example, what time should I go to bed and get up to rest for the necessary time without being
excessive, what are the physical activity and diet guidelines to maintain an adequate weight,
avoiding overweight problems, diabetes or risk of suffering chronic diseases.
7
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It is therefore of great importance to seek a solution that encompasses the most commonly used
parameters to monitor our medical condition in the simplest and most attractive way for society.
This is the idea behind this project. Throughout the different chapters, the parameters that will
be taken into account to define the physical condition of a subject will be analyzed, among them:
level of physical activity, value of body mass index, blood glucose level, blood pressure, sleep
patterns, respiratory condition (respiratory rate, blood oxygen level), and stress level.
Based on the analysis of each of these parameters, the subject will be advised to change his or
her lifestyle according to the data that has been collected from different sensors.
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PHYSICAL ACTIVITY
One of the fundamental pillars for maintaining or acquiring a healthy lifestyle and improving our
health is physical activity. There is a great deal of scientific evidence on the involvement of
physical activity in physical, mental and psychosocial health. Moreover, regular physical activity
helps to maintain a good quality of sleep and reduces the risk of suffering from a wide range of
chronic diseases 4 5. And there is evidence that everyone benefits from being physically active:
men and women regardless of race or ethnicity, from children to older adults, pregnant women
and people with a chronic illness or disability. There are a number of studies that validate these
health benefits, but living a physically active life depends on multiple factors that can both
facilitate and hinder our goals. Firstly, the personal effort of each individual comes into play which
is directly related to personal motivation. Being physically active is one of the choices people
make about lifestyle factors such as diet, tobacco and alcohol consumption, all of which have
important and independent effects on health.

DISEASE PREVENTION AND HEALTH PROMOTION
Extending life expectancy and preventing chronic diseases are two issues of great relevance in
the field of health. Numerous evidences show the great implication of the activity as a lifestyle
factor of great influence.
A study conducted in 2018 1 showed how subjects' life expectancy varies according to the levels
of weekly physical activity they report individually. Those hours of moderate or vigorous physical
activity are compared with the life expectancy they would have if they were sedentary. Figure 2
shows clearly that the higher the rate of moderate physical activity, the longer the life expectancy
for both women and men is. This increase in life expectancy reflects the strong involvement of
physical activity in the prevention of problems and promotion of health.

FIGURE 2: GAINED LIFE EXPENTANCY BY INCREASING PHYSICAL ACTIVITY LEVELS 1

CHRONIC DISEASE
Chronic diseases are one of the leading causes of death in the world affecting groups of all sexes,
ages and races. In 1990, more than 28 million (57%) 6 of deaths worldwide were caused by a
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chronic disease. This figure has been increasing, with a total of 36 million deaths (63%) in 2008
7
and 39 million (72%) in 2016 8.
Comparing the data obtained between 1990 and 2016, it is evident that the number of causes of
death worldwide has shifted from communicable to non-communicable diseases 9. The decrease
in the mortality rate of infectious diseases is due to progress in treatment and prevention
measures using vaccines, antibiotics or the development of general procedures that prevent
contagion. Although the decrease in the risk of death from infectious diseases means an increase
in life expectancy, this change has led to a higher risk of non-communicable diseases, known as
chronic diseases, such as cardiovascular disease, cancer, diabetes, obesity and stroke.

FIGURE 3: GLOBAL CAUSES OF DEATH 9

Several studies confirm that the increased risk of chronic diseases is progressing critically. For
example, diabetes prevalence is expected to increase from 400 million to 600 million globally by
the year 2035 with most of this increase in low-to middle-income countries 10. Cancer prevalence
crosses all global economic gaps with 57% of the reported cancer cases occurring in low-to
middle-income countries and 43% in developed nations 11. Ischemic heart disease and stroke
represented 85% of CVD deaths and 28% of all-cause mortality in developing nations. 12. Another
global trend is the rate at which obesity has increased in the lasts decades. About 2 billion adults
globally (25-33% of the world’s population) are overweight and another 33% are obese.

FIGURE 4:CHRONIC DISEASE TRENDS 9
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There is scientific evidence that physical inactivity is associated with an increased risk of chronic
diseases such as cardiovascular disease 13. Numerous studies confirm that leading an active life
helps reduce the risk of chronic diseases and decreases the associated morbidity and mortality
rates, based in the recommended daily physical activity and having a higher cardiorespiratory
fitness (CRF).
The maximum capacity that an individual has for physical and aerobic effort is directly related to
the synergic functioning of the body's key organs. A failure to transport oxygen into the cells or
to efficiently eliminate metabolic waste, causing it to accumulate, impairs the individual's ability
to continue with the exercise or makes it impossible to increase the intensity of the activity. This
reflection of the human body represents the individual's CRF.
Its quantification is based on the volume of oxygen consumed per minute or estimated from the
maximum treadmill speed/grade or the ergometer workload achieved during a graduated
exercise test (i.e. the metabolic equivalents (METs)). Prediction equations that take an individual's
physical activity (PA) habits, age, sex, waist circumference, and resting heart rate into account
provide a reasonable estimate of CRF. The value obtained from CRF will show whether an
individual suffered from any functional deficiency. In instance, insufficiencies in the central (i.e.,
oxygenation of venous blood, cardiac output) and/or peripheral (i.e., arteriovenous capillary
network, skeletal muscle impairments, mitochondrial dysfunction) systems negatively affect CRF
and may be signs of one or more early or advanced diseases (e.g., CV, metabolic, pulmonary) 14.
Although this measure is not yet widely used in the clinical setting, some recent research is paving
the way for this new measure to understand its relevance to any individual's health status 15,16,17.
In order to understand the impact of this measure, some studies have focused on comparing the
cardiorespiratory capacity of healthy patients with patients suffering from cardiovascular disease.
An example of this is a study conducted in 200218 that laid some foundation for understanding
this parameter. The analysis was based on two groups of men: one group reflecting abnormally
low physical activity or a history of cardiovascular disease, or both, and the other group showing
normal physical activity and no history of cardiovascular disease. A 7-year follow-up was carried
out in order to determine the impact of physical activity together with the risk of cardiovascular
disease on mortality after these years. One of the expected results was that the number of
subjects who died was higher for those with cardiovascular disease than for those with normal
physical activity. In addition, the patients who died were older, had a lower maximal heart rate,
lower maximal systolic and diastolic blood pressure, and lower exercise capacity. These results
strengthen our knowledge, but thanks to these data, we can analyze how cardiorespiratory
capacity is related to mortality risk and physical capacity of the subjects.
Additionally, in this study the survival rate was compared between normal subjects and subjects
with cardiovascular disease stratifying them according to absolute peak exercise capacity
measured in metabolic equivalents (MET) as shown in Figure 5.
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FIGURE 5: SURVIVAL CURVES FOR NORMAL SUBJECTS ACCORDING TO PEAK EXERCISE CAPACITY (A) AND
ACCORDING TO THE PERCENTAGE OF AGE-PREDICTED EXERCISE CAPACITY ACHIEVES (B) AND SURVIVAL
CURVES FOR SUBJECTS WITH CARDIOVASCULAR DISEASE ACCORDING TO PEAK EXERCISE CAPACITY 18

There is a significant difference with p < 0.001 in the mortality ratio between the defined groups
between the exercise levels, both for the analysis based on the absolute exercise capacity and
the percentage of the age-predicted value. In other words, the survival rate decreased as the
physical capacity of the subjects decreased.
These conclusions reveal the great power of the absolute peak exercise capacity in MET as a
predictor of risk of death, both for healthy patients and those suffering from a chronic disease.
The increase of 1 – MET in exercise capacity conferred a 12 % improvement of survival.

FIGURE 6: 10-YEAR PROBABILITY RISK FOR MAJOR ADVERSE CARDIAC EVENTS, WITH INDIVIDUALS
STRATIFIED BY FITNESS CATEGORY WITH EACH AGE GROUP 14

Once the strong relationship between CRF and the risk of mortality or chronic disease such as
cardiovascular disease is understood, it is necessary to determine levels of physical fitness related
to cardiorespiratory fitness. There are numerous studies that follow different methodologies to
stratify CRF levels in relation to participants' physical condition and impact on their health, but
12

D E CISIO N SUPPO RT SY S TE M

they all strongly support the fact that a relatively low CRF justifies its consideration as an
independent risk factor or clinical vital sign and that a low level of CRF increases the risk of
cardiovascular disease and premature mortality. Nevertheless, it of great importance to establish
a standardized methodology to determine the levels of CRF and what is the risk associated with
human health.
One of the last methodologies was proposed by Mayo Clinic 19. Their approach was to
standardized the CRF definitions but minimizing the age-related limitations in classifying CRF.
Their proposal is based on, first, stratified the cohort broadly based on age decades. Second,
define CRF categories by quartiles or quintiles of peak MET levels achieved within the age
stratum. Third, combine the respective CRF categories from each age stratum to form the CRF
categories of the entire cohort from least fit to highest fit. The benefits of this methodology is
that the mean age is substantially more uniformly distributed within age-adjusted CRF categories
minimizing the inherent variability in age, and the number of individuals in each CRF category is
more evenly distributed without considering the general negative impact of age on fitness.

COGNITIVE FUNCTION
Aging is a natural and irreversible process whose quality is affected by multiple risk factors.
According to estimates by the United Nations, Department of Economic and Social Affairs, the
elderly population is growing in absolute and relative terms. According to their studies, it is
estimated that in the next three decades the global elderly population will double, reaching a
total of 1.5 billion by 205020. This change is due, among other factors, to the progressive increase
in life expectancy.
One of the features associated with aging is the loss of cognitive function such as memory and
brain mass atrophy. However, not all types of memory loss are due to age, just as not all brain
atrophy is due to aging. But one thing that many scientists agree on, and which has become a
major research topic, is the implication of physical activity in improving cognitive ability
throughout life. A physically active life decreases the chances of accelerated brain deterioration.
Some studies confirm the beneficial effect of physical exercise on brain health, however, much
remains to be understood and learned about which methods are most effective in preventing
further brain volume loss 21,22,15.
Although there are no studies at the moment that establish which are the concrete exercises to
minimize the progression of cognitive diseases such as Alzheimer's or dementia, it is clear that
maintaining a physically active life is of vital importance. According to the Alzheimer's Society23,
there are certain factors that help reduce the risks involved in aging. Some of the guidelines are:
being actively physical, complying with the recommended physical activity (see in GENERAL
GUIDELINES FOR BEING PHYISICALLY ACTIVE), maintaining a healthy diet, avoiding smoking,
reducing the intake of alcoholic beverages, exercising the mind and taking control of our health23.
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SLEEP QUALITY
In the last decades the documentation about the great influence of sleep alteration in the risk of
suffering medical diseases that include cardiovascular diseases and cancer, as well as the
incidence of depression, has increased notoriously, demonstrating that the quality of sleep is an
important parameter to value in relation to the quality of life. However, the term sleep quality is
not clearly defined scientifically. Some of the indicators of sleep quality are sleep latency, number
of awakenings >5minutes, wake after sleep onset, and sleep efficiency, according to the National
Sleep Foundation 24.
Several studies confirm the involvement of physical activity in maintaining quality sleep. There
are several controversies about what type of exercise intensity has the greatest impact on sleep
quality. According to an analysis carried out by the European Journal of Physiotherapy 25, there
are studies that praise moderate intensity exercise as the modality that has the greatest impact
on sleep quality rather than vigorous exercise 26,27,28,29,30, however, there is a lack of experimental
verification of specific suggestions about how such physical activity should be structured. Even if
the potential benefits of moderate physical activity over sleep quality has been highly regarded,
more research need to be done. Some of the unknowns are the amount of moderate exercise
needed to improve sleep patterns, specifying how this activity should be adapted according to
the age of the subjects, in order to obtain a standardized version of how any population group
suffering from sleep problems should act.

GENERAL GUIDELINES FOR BEING PHYISICALLY ACTIVE
In order to establish what the recommended physical activity is, it is first necessary to determine
the different exercise levels. The intensity of the exercise, the effort that the individual must make
in order to carry out said activity, the energy needed, is the crucial parameter of this classification.
Some activities will require more energy, indeed a higher caloric expenditure.
Absolute rates of energy expenditure are commonly described as light, moderate or vigorous
intensity. The unit of measurement for energy expenditure is expressed as a multiple of the
metabolic equivalent of the task (MET). A MET is the ratio of the rate of energy expended during
an activity to the rate of energy expended at rest 4.
o

Light-intensity activity is non-sedentary waking behavior that requires less than 3.0 METs;

o

Moderate-intensity activity (3.5–7 kcal/min), requires 3.0 to less than 6.0 METs.

o

Vigorous-intensity activity (more than 7 kcal/min), requires 6.0 or more METs.

14
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Light
< 3.0 METs

Moderate
3.0–6.0 METs

Sitting at a desk: 1.3
Sitting, playing cards:
1.5
Standing at a desk: 1.8
Strolling at a slow pace:
2.0
Washing dishes: 2.2
Hatha yoga: 2.5
Fishing (sitting): 2.5

Vigorous
> 6.0 METs

Housework (cleaning, sweeping):
3.5
Weight training (lighter weights):
3.5
Golf (walking, pulling clubs): 4.3

Walking at very brisk pace (4.5
mph): 6.3
Bicycling 12–14 mph (flat terrain): 8

Brisk walking (3.5–4 mph): 5

Singles tennis: 8

Weight training (heavier weights):
5
Yard work (mowing, moderate
effort): 5
Swimming laps (leisurely pace): 6

Shoveling, digging ditches: 8.5

Circuit training (minimal rest): 8

Competitive soccer: 10
Running (7 mph): 11.5

TABLE 1: DESCRIPTIVE APPROXIMATE MET VALUES FOR A VARIETY OF LIGHT, MODERATE, AND
VIGOROUS ACTIVITIES 31 .

Another way to determine the intensity of physical activity performed is by relative intensity. It is
related to the physical fitness of the individual, with the intensity expressed as a percentage of
the individual's maximum frequency, the reserve of aerobic capacity or the reserve of heart rate.
Moderate-intensity activities involve an effort of 40-59 % of the aerobic capacity reserve, while
vigorous-intensity activities involve an effort of 60-84 % of the reserve. Thus, on a scale of 0 to
10, with 0 being sitting effort and 10 being maximum effort, moderate intensity activities would
be classified as a 5-6 effort level. For vigorous intensity activities, effort takes an initial value of 78 4.
According to Physical Activity Guidelines for Americans 2nd edition 4, for substantial health
benefits, adults should engage in at least 150 minutes to 300 minutes per week of moderateintensity aerobic physical activity, or 75 minutes to 150 minutes per week of vigorous-intensity
aerobic physical activity, or an equivalent combination of moderate- and vigorous-intensity
aerobic activity. If possible, the aerobic activity should be spread throughout the week. In
addition, more physical activity than the established basis of 300 minutes of moderate activity
has additional health benefits.
On the other hand, performing muscle strengthening activities that require the participation of
all major muscle groups, two or more days a week, provides additional health benefits of great
interest.

HOW THE PHYSICAL ACT IVITY CAN BE TRACKED?
One of the methodologies to monitor the physical activity performed by an individual throughout
the week to ensure compliance with the recommended exercise, would be through the relative
intensity of each subject.
This approach, initially, is the most appropriate given the flexibility of each person's physical
condition. Although the key guideline uses METs, i.e. absolute intensity, to determine whether
15
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the exercise is moderate or vigorous intensity, these have a direct relationship to relative intensity
that can be used to assess the intensity of aerobic activities. Generally, in the case of adults with
good physical condition, when they perform activities of moderate absolute intensity, they also
perform exercises of moderate relative intensity. The same is true for exercises of relative and
absolute vigorous intensity.
In contrast, for subjects in poorer physical condition, activities in the range of 3 to 6 METs
(moderate absolute intensity) will be relatively vigorous or physiologically impossible. Therefore,
the level of effort should be guided by relative rather than absolute intensity. As fitness improves
with physical activity, activities with higher absolute intensity will be possible.
Therefore, by means of the individual's maximum frequency (relative intensity) we can track the
type of activity he or she does during the week. From these values, we can classify whether the
exercise performed is moderate or vigorous and compare it with the recommendations imposed.
In this way, it will be possible to advise in a personalized way if the subject is following the
guidelines to have a physically active life, and how he should modify his habits according to the
weekly physical activity performed.
CASE 1. POOR PHYSICAL CONDITION
Moderate-intensity activity < 150 minutes/week AND vigorous-intensity activity < 75 minutes/
week.
CASE 2. GOOD PHYSICAL CONDITION
Moderate-intensity activity = 150 minutes/week to 300 minutes/week OR vigorous-intensity
activity = 75 minutes/week to 150 minutes/week.
CASE 3. EXCELLENT PHYSICAL CONDITION
Moderate-intensity activity = 150 minutes/week to 300 minutes/week AND vigorous-intensity
activity = 75 minutes/week to 150 minutes/week.
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BODY MASS INDEX
The Body Mass Index (BMI), formerly known as the Quetelet Index, is a measure of nutritional
status in adults. It is defined as the weight of a person in kilograms divided by the square of the
person's height in meters 32.
𝐵𝑀𝐼 =

𝑊𝑒𝑖𝑔ℎ𝑡 (𝐾𝑔)
𝐻𝑒𝑖𝑔ℎ𝑡 (𝑚)2

This measure was developed by Adolphe Quetelet during the 19th century, being at that time
one of the best tools to detect problems related to abundance of adiposity and overweight.
Because this measure is based only on height and weight, some important parameters to
determine the nutritional status of subjects such as age, sex or race are not taken into
consideration. This is why the BMI sometimes overestimates or underestimates adiposity.
Although at present, this parameter is still of great relevance to determine in which weight ranges
the subject is, it is necessary to complement it with other parameters such as the circumference
of the waist. Nevertheless, based on the World Health Organization, the nutritional status can be
determined as:
BMI

Nutritional status

Below 18.5

Underweight

18.5–24.9

Normal weight

25.0–29.9

Pre-obesity

30.0–34.9

Obesity class I

35.0–39.9

Obesity class II

Above 40

Obesity class III

TABLE 2: CLASSIFICATION OF THE NUTRITIONAL STATUS BASED ON THE BODY MASS INDEX BY THE
WORLD HEALTH ORGANIZATION 32

OBESITY
As the BMI value increases, the accumulation of adipose tissue is greater, leading to overweight
or obesity for BMI ≥ 30 (Table 2). Obesity is considered a chronic disease according to the World
Health Organization (WHO), the German Federal Court, the European Parliament and the German
Obesity Association 33 and it is one of the fastest growing health problems in the modern world
affecting both children and adults (42.8% of middle-age adults) 34.

According to WHO, if current trends continue, the number of overweight infants and young
children will increase to 70 million by 2025. Without intervention, obese infants and young
children will remain obese throughout childhood, adolescence and adulthood 35.
17
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Awareness of the consequences of obesity is insufficient. There are multiple risk factors
associated with obesity that lead to other chronic diseases such as diabetes, cardiovascular
disease and heart diseases, cancer, gallbladder disease and gallstones, osteoarthritis, gout, and
breathing problems, such as sleep apnea and asthma 36.
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CIRCULATORY SYSTEM
BLOOD SUGAR LEVELS
Blood sugar levels represent the amount of glucose present in the bloodstream. After
carbohydrate intake, glucose is absorbed into the cells of the human body and combines with
oxygen. This combination generates ATP molecules, which are fundamental for feeding the
cellular machinery, promoting its growth and correct functionality. When glucose is ingested,
insulin is released, a hormone that facilitates the necessary absorption of glucose. However, with
a high intake of high glycemic foods, the body becomes insensitive to insulin, the glucose is not
properly absorbed and remains in the bloodstream causing an alteration of blood glucose levels
from those established as healthy37.

DIABETES
Alterations in blood glucose levels from the normal range defined as 4.0 to 5.9 mmol/L before
meals and under 7.8 mmol/L at least 90 minutes after ingestion of food, indicate possible insulin
intolerance and manifestation of diabetes38. It is vitally important to control variations in glucose
levels because if they remain high over a long period of time, the risk of diabetes complications
increases. These complications may include kidney disease, nerve damage, heart disease, stroke,
retinal disease, among others 38.
It is therefore essential to know which are the ranges of glucose levels we consider as indicators
of suffering from diabetes or pre-diabetes. This way it will be possible to apply an effective
treatment in time, avoiding manifesting hyperglycemia or hypoglycemia during a long period of
time.
Based on the criteria of the Global Diabetes Community, the Table 2 lay out the ranges for the
diagnosis of prediabetes and diabetes.

PLASMA GLUCOSE NORMAL
TEST
RANDOM
Below 11.1 mmol/l
Below 200 mg/dl
FASTING
Below 5.5 mmol/l
Below 100 mg/dl
2 HOUR POSTBelow 7.8 mmol/l
PRANDIAL
Below 140 mg/dl

PREDIABETES

DIABETES

N/A

11.1 mmol/l or more
200 mg/dl or more
7.0 mmol/l or more
126 mg/dl or more
11.1 mmol/l or more
200 mg/dl or more

5.5 to 6.9 mmol/l
100 to 125 mg/dl
7.8 to 11.0 mmol/l
140 to 199 mg/dl

TABLE 3: BLOOD SUGAR LEVEL RANGES FOR DIAGNOSING PREDIABETES AND DIABETES38

These data will allow subjects to be monitored, alerting them to possible variations in safe glucose
levels to reduce the risk of diabetes and other medical complications.
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There are some lifestyle tips39 that can help to control the blood sugar levels:
o
o
o
o
o
o

Follow a healthy diet rich in fruits and vegetables.
Maintain a healthy weight.
Follow the physical activity guidelines: at least 150 minutes of moderate-to-intense
exercise each week.
Eat at regular times and not skip meals.
Drink 2 Liters of water per day.
Limit sugar and carbohydrate consumption.
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BLOOD PRESSURE
Blood pressure 40 is defined as the pressure with which blood circulates in arteries. Not all blood
circulates at the same pressure, depending on the tissue it is in. That is why, in order to assess
blood pressure levels, two essential measures are taken into account:
-

-

Systolic Blood Pressure 41 - The highest possible blood pressure value. It represents the
force that blood exerts on the walls of the arteries as the ventricles contract to deliver
oxygen-rich blood to the rest of the body.
Diastolic Blood Pressure 41 - The lowest possible blood pressure value. It represents the
force of blood on the walls of the arteries as the heart relaxes and the ventricles fill with
blood again. In fact, it is the pressure of the blood between heartbeats.

The blood pressure value is always expressed as the systolic blood pressure value first, followed
by the diastolic, for example 120/70.

CLASSIFICATION OF BLOOD PRESSURE LEVEL
Maintaining optimal blood pressure levels is essential for healthy physical fitness. Numerous
studies in different populations have confirmed the close relationship between blood pressure
and the risk of stroke, ischemic heart disease and increased mortality 42.
In the Seventh Report of the National Joint Committee for the Prevention, Detection, Evaluation
and Treatment of High Blood Pressure (JNC 7)(Table 5), the classification of pressure levels
established in the previous report was updated (JNC 6), in which hypertension is subdivided into
3 levels (Table 4).

Blood Pressure Classification

SBP (mm Hg)

DBP (mm Hg)

Optimal

<120

and <80

Normal

<130

and<85

Stage 1 hypertension

140-159

or 90-99

Stage 2 hypertension*

160-179

or 100-109

Stage 3 hypertension

>180

>110

TABLE 4: JNC 6 BLOOD PRESSURE CLASSIFICATION. SBP (SYSTOLIC BLOOD PRESSURE) AND
DBP(DIASTOLIC BLOOD PRESSURE) 43
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Blood Pressure Classification

SBP (mm Hg)

DBP (mm Hg)

<120

and <80

Prehypertension

120-139

or 80-89

Stage 1 hypertension

140-159

or 90-99

Stage 2 hypertension

≥160

or ≥100

Normal

TABLE 5: JNC 7 BLOOD PRESSURE CLASSIFICATION. SBP (SYSTOLIC BLOOD PRESSURE) AND
DBP(DIASTOLIC BLOOD PRESSURE) 44

The classification used today is summarized in Table 5. There are other classifications that
continue to include stage 3 hypertension, it may vary depending on the research group, but all
agree on what is the normal value of blood pressure.

WHAT ARE THE RISKS OF HIGH BLOOD PRESSURE?
Hypertension is one of the leading causes of death in the world, with ischemic heart disease being
the most frequent pathology in the last 15 years 45. The risk of suffering from hypertension is
increasing worldwide. According to a 2016 WHO report, 1.13 billion people are affected by high
blood pressure, being this number expected to be doubled in 40 years 46.
The risk of hypertension increases with age, as does the risk of cardiovascular disease, with a
logarithmic tendency. In people over 30, an increase in systolic blood pressure and diastolic blood
pressure is associated with an increased risk of cardiovascular disease, angina, heart attack, heart
failure, peripheral arterial disease and abdominal aortic aneurysm. While it is true that the
increase in systolic blood pressure is more severe than the increase in diastolic 47.
HOW DOES HYPERTENSION DAMAGE THE HUMAN BODY?
Having high blood pressure levels can go unnoticed, leading to deterioration of the human body
that can take years before symptoms begin to manifest. This is one of the reasons why continuous
monitoring is of great interest, it would allow to control the blood pressure levels before suffering
from hypertension.
In a healthy circulatory system, the artery walls are flexible, strong and elastic, with a smooth
inner lining that allows blood to flow throughout the body to reach all tissues. When blood
circulates at a higher level of pressure, it exerts a greater force on the artery walls, causing
progressive cell damage to the inner lining. In turn, they lose elasticity and blood transport
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becomes less efficient. On the other hand, the risk of aneurysm increases, the blood circulating
with constant pressure through the weakened artery facilitates the enlargement of the walls.
Hypertension not only affects the arteries, it also weakens the heart. The blood supply to the
heart is compromised due to the narrowing and weakening of the arteries. This is why chest pain,
arrhythmias or even cardiac arrest are characteristic. In turn, the heart is forced to work harder
to pump all the blood, which leads to the enlargement of the left ventricle. The thickening of the
ventricle increases the risk of heart attack, heart failure, and sudden cardiac death. Finally,
because of the extra strain on the heart, it can fail due to weakening.
In addition to these damages, there are all those caused in other systems of the human body,
since each system is dependent on the supply of oxygen provided by the blood plasma.
Regarding possible brain damage, one of the most common is stroke. High blood pressure levels
encourage the formation of clots that can travel to the brain, which causes the artery to become
blocked, depriving it of blood supply and oxygen flow and potentially causing a stroke. Additional
possible damage is the development of dementia and mild cognitive impairment.
Finally, different pathologies are enhanced by high levels of blood pressure such as kidney
damage (glomerulosclerosis, renal failure) and eye damage (retinopathy and choroidopathy).

FIGURE 7: HIGH BLOOD PRESSURE COMPLICATIONS

48

KEY GUIDELINES TO CONTROL BLOOD PRESSURE LEVELS
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The list of damages caused by high blood pressure levels is long, and therefore it is essential to
establish how society should act in order to maintain healthy levels and how to lower them in
case of hypertension.
One of the first strategies, which was proposed in the Sixth Report of the Joint Natural Committee
on Prevention, Detection, Evaluation, and Treatment of Hight Blood Pressure (JNC 6), endorses a
series of lifestyle modifications, which encompasses:
1.
2.
3.
4.
5.
6.
7.

Lose weight if overweight.
Limit alcohol intake.
Increase aerobic physical activity: 30-45 minutes most days of the week.
Reduce sodium intake to no more than 2.4 g of sodium or 6 g od sodium chloride.
Maintain adequate intake of dietary potassium (90 mmol/d)
Maintain adequate intake of dietary calcium and magnesium for general health.
Stop smoking and reduce intake of saturated fat and cholesterol for overall
cardiovascular health.

Subjects with high blood pressure levels who followed such life changes had their levels
decreased significantly.
In addition to advocating weight reduction, physical activity, dietary sodium reduction, and
moderation of alcohol consumption, as recommended in the JNC 6, The Seventh report of the
Joint Natural Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure (JNC 7) supports a special diet: Dietary Approaches to Stop Hypertension (DASH).
The DASH diet is oriented to the consumption of food and nutrients in the right proportions. It is
a diet rich in low-fat dairy products, fruits and vegetables, with low fat and high fiber content. By
following the specific dietary guidelines, sodium levels can be significantly reduced and blood
pressure can be lowered from 8 to 14 points of the pre-treatment value.
In order to analyze the effectiveness of the DASH diet, a study 43 was carried out comparing the
decrease in blood pressure of subjects who followed the DASH diet in combination with the
lifestyle guidelines recommended by the JNC6, with those subjects who did not follow the diet.
All participants (N=144) were overweight, unmedicated and had high blood pressure. The study
revealed a greater decrease in BP in those subjects who followed the lifestyle modifications plus
DASH diet compared to those who only followed the lifestyle modifications proposed by JNC6,
although the difference was not statistically significant.
Another approach of great interest in this study, in addition to the decrease in blood pressure, is
the variation in certain cardiovascular biomarkers. One of the most important is left ventricular
hypertrophy due to the overexertion of the heart to pump blood. Those subjects who followed
the DASH diet and maintained a physically active life showed a favorable variation in the predictor
of left ventricular hypertrophy, among others.
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HEART RATE
The heart rate, also known as pulse, is an important heart-healthy gauge and is defined as the
number of times your heart pumps blood throughout the body per minute. The normal resting
heart rate is usually stated as 60 to 100 beats per minute and it is the minimum amount of blood
the organism needs to supply at rest 49,50.
Values less than 60 beats per minute do not necessarily imply a medical problem. For those who
exercise frequently, the heart rate is usually lower, around 40 beats per minute. It implies a better
physical condition, the heart works more efficiently, with less beats per minute it is able to supply
the necessary blood to all the cells.
However, not always having a lower heart rate is due to good physical condition. Sometimes,
people who have a rate lower than 60 is because they suffer from bradycardia, as well as having
values higher than 100, leads to some disorder of the circulatory system such as tachycardia.
Therefore, it is essential to know the heart rate value of each person at rest in order to analyze
possible alterations, since even though normal values range from 60 to 100 beats per minute, it
is important to know that these vary according to each person 49.

WHAT CONTROLS THE HEART RATE?
The sinoatrial node, also known as the heart muscle pacemaker, is in charge of regulating the
heart rate. A series of hormones51 and nerve impulses act on the cells that make up the sinoatrial
node, varying the heart rate and cardiac output according to the body's needs. In this way, the
speed at which the node generates the electrical impulse, which causes the heart to contract,
varies.
The main responsible for the control of cardiac physiological functions is the autonomic nervous
system. Its two divisions, parasympathetic and sympathetic, work together to induce the force of
contraction, control the peripheral resistance of the blood vessels and the heart rate, to maintain
an internal balance.
AUTONOMUS SYMPATHETIC NERVOUS SYSTEM
The innervation of the sympathetic nervous system to the heart takes place through the postganglionic fibers of the sympathetic trunk to the SAN and AVN. By releasing noradrenaline, which
acts on the adrenoreceptors B₁, the slope of the pacemaker's potential is increased, leading to an
increase in heart rate and contraction force52.
AUTONOMUS PARASYMPATHETIC NERVOUS SYSTEM
Innervation of the parasympathetic nervous system to the heart occurs via the vagus nerve, which
forms synapses with the post-ganglionic cells in the SAN and the AVN. By releasing acetylcholine,
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which bonds to the M₂ receptors, it decreases the slope of the pacemaker potential, lowering the
heart rate52.
At rest, the parasympathetic system is acting to maintain a heart rate of about 60 beats per
minute. In a situation that leads to an increase in heart rate, such as physical activity, first the
parasympathetic output flow is reduced, and then, in the case of pulses greater than 100 per
minute, noradrenaline begins to be secreted, which is sympathetic output flow 52.

FIGURE 8: AUTONOMIC NERVOUS SYSTEM INNERVATION

52

HOW CAN THE HEART RATE VARY?
There are multiple factors 49 that can alter the heart rate and this variation may not be related to
any medical complications.
AIR TEMPERATURE
At high ambient temperatures, the heart increases the number of beats per minute53. The
increased heart rate is due to a variation in the activity of the sympathetic and parasympathetic
nervous system54.However, this variation is usually no more than 5 to 10 beats per minute.
BODY POSITION
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Heart rate varies depending on body posture. Numerous studies55 have shown interest in
analyzing how heart rate values are altered, along with other parameters such as blood pressure
or breathing rate, depending on body position.
In the horizontal position, the heart rate is higher in the prone position than in the supine
position. Comparing the horizontal prone position with a sitting position, it is significantly higher
when sitting 55. These variations are regulated autonomously to maintain a stable internal
environment 56.
EMOTIONS
In situations of stress, anxiety or moments of great emotion, the heart rate is significantly
affected. The release of adrenaline by the medulla of the adrenal glands into the bloodstream,
causes an increased heart rate 52.
The impact emotions have on heart frequency variability is a topic of increasing interest to the
scientific community. It has come to be considered as a biomarker of possible pathologies such
as stress57.
BODY WEIGHT
People who are overweight or obese tend to have a higher resting heart rate, which is about 100
beats per minute.
MEDICATION
Some medications can have a major influence on heart rate. One of them, very commonly used
in the field of cardiology, is beta blockers 58. This type of drug, also called beta adrenergic blocking
agents, blocks the release of adrenaline and noradrenaline in certain parts of the body. In this
way, the sympathetic outflow is reduced and therefore, both the strength with which the heart
pumps blood and the heart rate are decreased.

ANORMAL HEART BEAT FREQUENCY
In the previous section, some of the factors that affect heart frequency have been exposed,
however one of the most common is missing: irregularities in the heart's conduction system. This
is usually the main cause of arrhythmias, variations in the normal rhythm of the heartbeat.
Arrhythmias59 can occur in both healthy people and damaged hearts. The risk of compromising
heart function increases when a prolonged or chronic arrhythmia is combined with other heart
abnormalities. Some possible consequences are a drop in blood pressure, affecting blood
perfusion, and advancing heart failure.
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One of the common arrhythmias is tachycardia 60, a regular acceleration of the heart rate that
exceeds 100 beats per minute at rest. Some of the causes that may be related are anxiety,
infection, hypoglycemia, hyperthyroidism, or conduction problems in the heart 52.
Tachycardias caused by a failure of nerve conduction in the heart, depending on the QRS complex,
can be differentiated between narrow or wide complex tachycardia. Complications vary
depending on the type of tachycardia. For narrow QRS complex tachycardias, they usually include
sinus tachycardia, atrial fibrillation, and atrial flutter. On the other hand, wide complex
tachycardias usually lead to ventricular tachycardia and Wolff-Parkinson-White syndrome.
The opposite of tachycardia would be bradycardia61, a regular deceleration of the heart rate, with
values of 60 beats per minute or even less. Bradycardia is often not related to any medical
problem: during sleep or elite sports. However, if it is accompanied by symptoms such as
weakness, palpitations, confusion or fainting, it may indicate the existence of cardiovascular
disease. One of the main causes of bradycardia is an alteration in the efficiency of the sinoatrial
node, in addition to that caused by the obstruction in the electrical conduction through the
atrioventricular node. In turn, some medications such as digitalis or morphine can cause
bradycardia.

HEART RATE VARIABILITY
A parameter that is very useful and universally accepted as a marker of autonomic nervous
system activity is heart rate variability (HRV). It represents the variation in time interval from one
beat to the next, measured in milliseconds (peak R-R of the QRS complex) 62.

FIGURE 9: HEART RATE VARIABILITY

62

Multiple phenomena come into play in HRV: breathing control, hormonal secretions, movements
and posture changes, metabolic processes, stress situations, relaxation and metal loading, among
others 62.
During relaxing moments, such as during sleep, the HRV increases, due to the parasympathetic
activity of the autonomic nervous system. Conversely, in situations of stress, anxiety or fear, the
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HRV decreases, while the flow of sympathetic response increases to maintain a high heart rate
62
.

FIGURE 10: THE UPPER GRAPH REPRESENTS A PERSON'S HRV FOR 24 HOURS (RMSDD IN MS). THE
LOWER GRAPH REPRESENTS THE HEART RATE OF THE SUBJECT AS A FUNCTION OF THE ACTIVITIES
CARRIED OUT DURING THE 24H 62

From the graphical representation (Figure 10), it is possible to analyze how the HRV varies
depending on the activity that is being executed: moment of stress, moment of rest, vigorous and
light physical activity. From the data presented, it can be concluded that this is a healthy person.
The sympathetic and parasympathetic responses justify how the HRV is almost zero during
vigorous activity (15:00), just as HRV is higher during moments of relaxation (after 21:00).
The value of HRV may vary from day to day, depending on stress levels or physical exercise
performed. However, when stress is chronically experienced, the reciprocal activity between the
two systems of the autonomic nervous system can be affected, with the body unable to
adequately regulate sympathetic and parasympathetic activity. If the body remains stagnant in
sympathetic activity in a dominant manner, the levels of HRV would be continuously low and with
high secretions of stress hormones. This situation could lead to serious mental problems 63.

29

D E CISIO N SUPPO RT SY S TE M

SLEEP PATTERN
After several years of research, scientific evidence has been growing on the relationship between
altered sleep patterns, excessive or poor sleep duration and adverse health effects. These include
an increased risk of cardiovascular disease 64, hypertension65,66, diabetes67,68,69, respiratory
problems70, obesity69, among others. The quality of sleep and its duration is affected by multiple
factors, some of which are controllable. According to a review carried out by Sleep Medicine71,
interventions must be made at the individual, social, environmental and political levels to improve
sleep quality71 (Figure 11) .

FIGURE 11: “MODEL FOR SOCIOECOLOGICAL INFLUENCES UPON SLEEP DURATION/BEHAVIOR AND
ASSOCIATED OUTCOMES. (A) DIRECT CAUSAL RELATION BETWEEN SLEEP DURATION AND MORTALITY.
(B1 & B2) INTERMEDIARY ROLE OF SLEEP (MEDIATOR AND MODERATOR ROLES). (C) CAUSE OF
OUTCOMES THAT, IN TURN, CONFER INCREASED MORTALITY. (DE) LINKED WITH PHENOMENA THAT ARE
ASSOCIATED WITH INCREASED MORTAILITY” 71 .

In addition, the risk of mortality is affected by the duration of sleep, modelled by the U-shape
association. A systematic review and meta-analysis of prospective studies on the impact of sleep
duration and mortality conducted in 2010, showed how the risk was increased for sleep durations
greater than or less than 7-8h 71.
Other aspect to take into account, apart from the average duration of sleep, is insufficient sleep,
characterized by insufficient rest or sleep for at least 14 days in the last 30 days. Just like sleeping
too many hours, lack of sleep is associated with an increasingly prominent set of negative health
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traits such as the development of cardiovascular disease64 or the tendency to suffer from
diabetes68.
Due to the great impact it has on health, it is a topic that is of increasing interest in the scientific
community. Several studies confirmed the high prevalence of sleep disorders and insufficient
sleep among worldwide. A study conducted in the Netherlands in 2017 found an alarming
prevalence rate of 27.3%, with 21.2% of men and 33.2% of women reporting some form of sleep
disorder 72. In the United States, although the trend in the number of hours of sleep of the
population has been maintained during the last decades, 40% rest less than the recommended
hours of sleep 73.

THE BASICS OF SLEEP
Good sleep quality is a well-recognized predictor of physical and mental health, well-being and
overall vitality 74,67.
Sleep is considered essential for the human being, necessary to maintain adequate levels of
health. The human being is programmed to sleep and restore physical and mental condition every
night. The interaction between the internal biological clock and the homeostasis sleep-wake, is
the determinant in the transition from the waking moment to sleep, and vice versa.
During sleep, brain activity is characterized by a series of electrical patterns and eye movements.
There are two main stages of sleep: rapid eye movement sleep defined as REM, and non-rapid
eye movement sleep known as nREM. During REM sleep, also known as active sleep, low
amplitude, high frequency and alpha rhythm brain waves are recorded along with quick eye
movements and dreaming. REM sleep accounts for about 25% of total sleep time. The awareness
of external events is drastically reduced and our muscles shut down which protect us from hurting
ourselves. On the other hand, during nREM sleep, which is divided into three distinct phases (N1,
N2 and N3), the brain waves become slower and more synchronized as it progresses from N1 to
N3. In the stage known as 'deep sleep' (N3), the EEG signal displays high-amplitude, lowfrequency waves and spindles75,76.

FIGURE 12: THE STAGES OF SLEEP. DURING THE NIGHT, THE SLEEP CYCLES MOVE BETWEEN REM AND
NON-REM SLEEP, REPEATING IN INTERVALS OF ABOUT 90 MINUTES. THE DEEPER STAGES OF NON-REM
SLEEP USUALLY OCCUR EARLIER IN THE NIGHT 75.
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As shown in Figure 13, brain activity varies throughout the sleep states. When we are awake,
high-frequency beta waves are predominant. Later, when we begin to relax, the waves become
slower, called alpha waves, and as we move into the N1 phase of nREM sleep, even slower waves
are generated, known as theta waves. As we progress through the phases of nREM sleep, high
amplitude splines and delta waves predominate75.

FIGURE 13: EEG RECORDINGS OF BRAIN PATTERNS DURING SLEEP. EACH STAGE OF SLEEP HAS ITS OWN
DISTINCT PATTERN OF BRAIN ACTIVITY 75 .

The last stage of nREM sleep, N3, is the deepest level of sleep (Figure 13) and the stage where
most sleep abnormalities occur, such as sleepwalking, nightmares and bedwetting. Despite being
the phase where slow delta waves predominate, the human being remains aware of what is
happening around him. There is still some muscle tone, which makes it possible to react to
sleepwalkers, even if unconsciously.
Once the N3 phase is over, the brain restarts its activity with high frequency waves, with an
increase in heart rate, eye and facial movements. In other words, the REM sleep stage begins
again.

SLEEP DISORDERS
Sleep problems are increasingly prevalent, either occasionally for the majority of the population,
or persistently, causing sleep disorders.
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OBSTRUCTIVE SLEEP APNEA
It is characterized by a partial or total blockage of the upper airway during sleep. To avoid
suffocation, the work done by the diaphragm and chest muscles is much greater. This condition
is often associated with reduced blood flow and irregular heart rhythms. The patient is aware
that he does not rest correctly, however, on many occasions he is not aware that he suffers from
this pathology. Some of the associated risk factors are smoking, high blood pressure, diabetes,
obesity or overweight. In addition, the risk is greater for older men 77.

CENTRAL SLEEP APNEA
The brain does not send the necessary nerve impulses to the muscles for breathing to occur.
Unlike obstructive sleep apnea, it is caused by a serious disease that affects the lower part of the
brain stem, which controls breathing. Sometimes the patient can suffer from both types of apnea,
called mixed apnea78.

INSOMNIA
This sleep disorder involves difficulty falling asleep or staying asleep. Also, when the patient wakes
up during the night, he often has trouble falling back to sleep. This type of disorder, like others,
affects the body's energy level at the start of the day, as well as mood, work performance, and
overall health.
There are different levels of insomnia depending on the predominance in time. Some adults
experience insomnia for short periods of time, acute insomnia, caused by specific circumstances.
However, when it lasts over time, due to stress or traumatic moments, it is called chronic
insomnia79,80.
Some of the common causes of chronic insomnia are stress, travel or work schedule with a great
impact in the circadian rhythms, poor sleep habits and high food intake in the last hours of the
day80.

HYPERSOMNIA
Sleep disorder characterized by excessive daytime sleepiness or excessive time spent sleeping. In
this situation, people who suffer from hypersomnia have problems staying awake all day, and can
fall asleep at any time.

Some of the causes of this disorder are overweight, high alcohol intake, genetic factors, sleep
deprivation and other sleep disorders such as narcolepsy and sleep apnea81.
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REM SLEEP BEHAVIOR DISORDER
People who suffer from REM sleep behavior disorder, lack the paralysis that normally occurs
during REM sleep, allowing them to "act out" their dreams. When in vivid, intense or violent
dreams, common behaviors often involve talking, yelling, hitting, grabbing objects, among many
other things. It may occur occasionally in situations of drunkenness or after the use of sedativehypnotic drugs82.
The main cause of this disorder is unknown, however it is often associated with
neurodegenerative diseases such as Parkinson's and Lewy body dementia 82.

CIRCADIAN RHYTHM DISORDERS
Circadian rhythm disorders affect the internal circadian rhythm, also known as “internal body
clock”. The internal biological internal 24-hour clock runs backwards alerting the brain to its
energy state and the transition between sleepiness and alertness. When an alteration of the
internal biological clock occurs, one often has problems falling or staying asleep, waking up or
feeling without energy after getting up83,84.
Some of the most common circadian rhythm disorders are yet lag, shift work sleep disorder,
delayed sleep phase syndrome, advanced sleep phase syndrome, non-24-hour sleep-wake
disorder and irregular sleep-wake rhythm disorder84.

EVIDENCE TIPS TO SLEEP BETTER
Many people do not attach the necessary importance to the quality of sleep, however the
scientific evidence shows the great impact it has on our health. That is why it is vitally important
to adopt a lifestyle that promotes good rest. Some of the tips proposed by the well-known
magazine Healthline are:

INCREASE LIGHT EXPOSURE DURING THE DAY

The circadian rhythm is highly influenced by exposure to natural or bright light. By promoting the
proper functioning of the internal biological clock, it improves daytime energy, sleep quality and
sleep duration85,86,87.
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Some studies conducted with people who suffer from insomnia have shown how increasing sun
exposure during the day improved the quality of sleep 88. Waking time within sleep was reduced
by an hour, and sleep efficiency improved from 77.5% to 90% 89.

Another study conducted with dementia patients with sleep disorders revealed improvements in
sleep efficiency from 73% to 86% and a 2-hour reduction in waking time in nighttime sleep 90.
Although most studies have focused on people with severe sleep disorders, it is clear that
increasing exposure to light will positively affect any subject 91.

DECREASE EXPOSURE TO BLUE LIGHT AT NIGHT

The light emitted by the screens of the electronic devices that are popularly used by all, has an
adverse effect on the regulation of the circadian rhythm92. Unlike sunlight during the day, it tricks
the brain into remaining active at night, altering the normal secretion of hormones such as
melatonin that promote relaxation and rest during sleep 93,94.

Therefore, it is highly recommended to avoid using electronic devices at night before going to
bed, as it will make it difficult to rest. Some popular tips to decrease exposure to blue light are:

o
o

Use special glasses that block the blue light emitted by the screens 95.
Blocking blue light through applications such as f.lux 96. F.lux (Figure 4) is an intelligent
software that controls the color of your computer screen according to the time of day,
preventing the light emitted from impeding proper rest.

FIGURE 14: F.LUX CONTROL PRFERENCES
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o

Do not watch TV or use other electronic devices that emit blue light for at least 2 hours
before bedtime.

DO NOT CONSUME CAFFEINE LATE IN THE DAY

Caffeine is a drug that promotes the activation of the nervous system, considered as a stimulant.
In spite of having numerous positive effects 97,98,99 such as an increase in the energy level, greater
physical performance, it facilitates the elimination of fats or its content in essential nutrients, with
respect to sleep, it can have a disruptive effect.
The effect of caffeine is almost immediate after consumption, reaching its maximum level in the
blood after 30 to 60 minutes. Despite its rapid absorption, it lasts in the body about 5 hours. As
an adenosine receptor antagonist, it blocks the absorption of adenosine, a substance that
promotes drowsiness, and therefore it is not recommended to consume it in large quantities for
at least 6 hours before bedtime.
In order to analyze the disturbing effect of caffeine on sleep, a study was carried out in 2013 by
the Sleep Disorders & Research Center 100. Given a fixed amount of 400mg of caffeine, it was
administered at 0, 3 and 6 hours before the usual bedtime according to each subject. For all
possible scenarios, the results confirmed the remarkable influence of moderate caffeine
consumption on sleep disturbance even when consumed 6 hours before bedtime.
REDUCE IRREGULAR OR LONG DAYTIME NAPS

Sleeping during the day can be beneficial for some if done properly, however there is some risk
if the naps are irregular or long by altering the internal clock 101,102.
In one study, participants who took a nap of 30 minutes or less reflected improved brain function
during the day, restoring wakefulness and promoting learning and performance. In contrast,
those subjects who took longer naps showed reduced productivity due to their tendency to sleep.
In addition, long-term naps as a habit are epidemiologically associated with a tendency towards
morbidity and mortality, especially in old age 103,104.
SLEEP AND AWAKE AT CONSISTENT TIMES

Maintaining sleep and wake times can improve the quality of long-term sleep by promoting the
proper functioning of the internal life cycle. Scientific evidence points to how irregular sleep
patterns alter the circadian rhythm and levels of the sleep-promoting hormone melatonin
105,106,107
.
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This is why it is advisable to set a bedtime and a waketime. In this way the body will always rest
long enough without being excessive or short.
DO NOT CONSUME ALCOHOL BEFORE BEDTIME

Drinking alcohol at night has negative effects on sleep patterns and on the production and release
of hormones.
Some studies link alcohol consumption to sleep apnea, snoring and disturbances in melatonin
production108,109,110,111. In turn, the impact it has on the segregation of human growth hormone is
known, with less natural nocturnal elevation after alcohol consumption hours before rest. This
hormone plays an important role in the circadian rhythm, among many other key functions 112.
Therefore, the consumption of alcohol in the last hours of the day is not recommended.
OPTIMAL RESTING ENVIRONMENT

There are some factors related to the environment in which we sleep that can improve the quality
of our sleep.
Noise is considered by many to be the most disturbing to sleep. It can cause poor sleep and lead
to long-term health problems 113,114,115.
In addition, artificial light and room temperature can influence sleep. It is advisable to rest in an
environment with a temperature of 20ºC, although it depends on personal preferences.

HOW THE SLEEP CAN BE TRACKED?

Throughout this chapter it has been discussed the various factors that influence the quality of
sleep, as well as the most common disorders in society. In order to avoid suffering from any of
these pathologies, several scientifically proven tips are offered. However, it is important to know
if once these guidelines have been followed, we are adequately rested.
There are several intelligent devices on the market that tell us what the quality of our rest is.
From mobile applications, physical performance accessories such as digital watches, to sensors
that are placed under the mattress.
Comparing the great offer on the market, the most innovative and complete solution so far is
Eight Sleep Tracker 116. That is why this project will be based on the operation of eight sleep
tracker technology.
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BREATHING ACTIVITY – VENTILATION CONDITION
THE BASIS OF THE HUMAN RESPIRATORY SYSTEM
Breathing is one of the vital processes of the human body. Through breathing, a set of mechanical
and chemical processes play an important role: deliver oxygen to all cells of the human body and
to remove carbon dioxide residues in the human body as a generated waste product.

FIGURE 15: MECHANICAL PROCESS OF BREATHING (INHALATION AND EXHALATION). A) STUCTURES
INVOLVED IN THE BREATHING PROCESS, B) INHALATION EVENT, C) EXHALATION EVENT

First, through the airways that are in contact with the outside (nose and mouth), the air enters in
the body and is conducted to the lungs through the various tubes that make up the respiratory
system. The lungs are in charge of administering the oxygen, which comes from the outside, to
the cells. Oxygen is transported through the bloodstream and the cardiovascular system.
Meanwhile, the remains of carbon dioxide, the result of the breakdown of sugars, are transported
to the lungs and are eliminated from the body through expiration. In this way, an exchange of
gases takes place in two places: in the cells (internal breathing) and in the lungs (external
breathing).

FIGURE 16: GAS EXCHANGE DURING BREATHING PROCESS 117

Supplying the required amount of oxygen to the cells is essential for the proper functioning of
the cells, but it is just as important to remove carbon dioxide from the body, as this is toxic to the
body. In essence, maintaining correct homeostatic levels 118.
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FIGURE 17: GAS EXCHANGE IN THE LUNGS

117

In the process of inhalation, the alveoli receive various gases from the outside: almost 80%
nitrogen, almost 20% oxygen and other gases, including 0.04% carbon dioxide. To understand the
process of gas exchange, it is necessary to know the principle of concentration gradient diffusion
117
.
Due to the low concentration of oxygen in the blood and the high concentration in the lungs, it
diffuses from the alveoli into the pulmonary capillaries. In contrast, carbon dioxide is directed
from the pulmonary capillaries to the alveoli. Finally, nitrogen diffuses in both directions 117.

MONITORING BREATHING ACTIVITY
The monitoring of respiratory activity is of great interest for those people suffering from some
respiratory diseases such as sleep apnea or asthma, either to facilitate the daily life of the subjects
or for the early detection of abnormal breathing patterns. At the same time, its application is also
relevant for respiratory rehabilitation processes after surgery or traumatic events.
In a clinical setting, continuous monitors are widely used to follow a patient's breathing, so that
any measured changes in breathing patterns can be used as markers for intervention or as data
for diagnosis 119,120. In addition to intervention and diagnostic purposes, recent studies have also
shown that data acquired from continuous breathing can provide valuable information about a
patient's respiratory health and recovery. Making this continuous monitoring possible outside the
clinic has awakened a great interest in the scientific community 121,122,123.

RESPIRATORY RATE
Breathing rate is one of the vital signs along with temperature, blood pressure and pulse. It
represents the number of breaths taken per minute.
The number of breaths for an adult without medical complications of a respiratory nature is 12
to 20 per minute (Table 7). Maintaining a normal breathing rate is essential for maintaining a
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balance in the concentrations of oxygen and carbon dioxide in the bloodstream, although this is
variable depending on age or physical activity at the time.

TABLE 6: BREATHING RATES AT REST ACCORDING TO AGE 124

When the breathing rate is within the normal range, the value of arterial carbon dioxide partial
pressure (PaCO2) is 40mmHG, because it is eliminated at the same rate as it is produced. In
contrast, in a case of hypoventilation, carbon dioxide accumulates in the bloodstream resulting
in hypercapnia (PaCO2 > 44 mmHg) 125,126. Another possible scenario is hyperventilation,
characterized by rapid elimination of CO2, causing hypocapnia 127 (PaCO2 < 36 mmHg) 126. Both
situations, if sustained over time, can cause harmful damage to the body: feelings of confusion,
dizziness, abnormal muscle contraction, feelings of chest pain, among others 125,128.

WHAT ARE THE MAIN CAUSES OF LOW OR HIGH BREATHING FREQUENCY RATES?
The ventilation process is controlled by three main systems that conform the respiratory drive 129:
central neural system, sensory system and muscular system. Each of them plays a fundamental
role in the ventilation process.
On one hand, the central nervous system is in charge of establishing the breathing frequency and
air intake volume. On the other hand, the sensory system communicates to the nervous system
how much the inspired volume should be and at what frequency. Finally, the muscular system
makes possible the mechanical process of breathing by means of the movement of the lungs
according to the received nervous signals.
Because of the close collaboration of the three systems, if there is any alteration or damage to
any of the systems, breathing is compromised and breathing rate may be affected, especially if it
is the central nervous system.
There are different factors that can alter the breathing rate, from those that make it increase, to
those that make it decrease. Both situations can be harmful for the organism.
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LOW BREATHING FREQUENCY RATE
EXCESSIVE ALCOHOL CONSUMPTION
Alcohol is a nervous system depressant drug and about 2 billion130 people worldwide consume it.
Its excessive consumption has a great negative impact on the body and its effects are more
noticeable the more it is consumed.
Excessive consumption affects the functioning of the central nervous system, slowing down the
breaths per minute 131. In turn, it affects the health of the lungs by decreasing the amount of nitric
oxide in the lungs. This gas is generated during breathing and plays an important role in protecting
the lungs from bacteria that cause serious respiratory infections 132.

NARCOTICS CONSUMPTION
The consumption of narcotics has a great effect on the functioning of the central nervous system,
its impact is remarkable in the whole organism; from the blood pressure levels to the respiratory
frequency.
For example, opioids decrease the frequency and may even block the entry of air into the lungs.
In the United States, more than 130 people die every day from an overdose of opioids due to
dysfunctional breathing133.

METABOLIC DISORDERS
There are some hormones involved in the process of breathing, and one of them is the thyroid.
In the case of hypothyroidism134, the secretion of thyroid hormone is lower due to the alteration
of the thyroid gland. Hypothyroidism weakens the respiratory muscles and decreases lung
function, causing slowed breathing.

BRAIN DAMAGES OR STROKE
Any kind of brain damage disturbs the functioning of the central nervous system and therefore
the respiration rate. Changes in respiration rate will vary depending on the severity of the stroke.
Most stroke deaths are due to respiratory dysfunction 135.

SLEEP DISORDERS: SLEEP APNEA
Sleep apnea is a sleep pattern disorder characterized by interrupted breathing during sleep. The
origin of this disorder is found in the central nervous system which does not send out signals
while sleeping. Breathing is therefore altered.
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HIGH BREATHING FREQUENCY RATE
ANXIETY
In situations of anxiety or fear, the body increases the rate of breathing, causing hyperventilation.
This alteration in breathing is very common in people who suffer from panic attacks 136. It is a
natural response of the organism.

FEVER
It is one of the essential responses of the human body to defend itself against infections. It is
characterized by an increase in body temperature and the organism, as a natural response,
increases the breathing rate to lower body temperature 137.

DEHYDRATION
As a natural response of the body to dehydration, the body tries to get more energy for the cells
by increasing the breathing rate. If the situation does not improve, the gas exchange process in
the lungs can be seriously affected.

RESPIRATORY DISEASES
Some of the respiratory diseases complicate the ventilation process, such as pneumonia, asthma
or COPD, which alter the breathing rate.
In the case of asthma, the airways become narrowed, swollen and full of mucus. Air does not
easily reach the lungs, whose passages can become blocked by excess mucus. To compensate for
the lack of air, the number of breaths is increased.
The same applies to a variety of other diseases, such as COPD. In the presence of lung damage,
breathing is accelerated by trying to increase oxygen intake.

HEART PROBLEMS
The relationship between the circulatory system and breathing is very narrow 137. If there is any
alteration of a cardiovascular type, the inspired oxygen will not be transported efficiently to the
cells and therefore the number of breaths will be increased to compensate for the lack of oxygen.
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BREATHING PATTERNS
Normal breathing rate (12-20 bmp) is associated with a certain breathing pattern known as
Eupena (Figure 18).

FIGURE 18: EUPENA (NORMAL) BREATHING PATTERN 138

The breathing pattern can be affected not only by the breathing rate, but also the volume of air
breathed in and out in each breathing cycle (volume rate). The following are the most common
abnormal breathing patterns (Figure 19):

TACHYPNEA
Tachypnea, also known as Rapid Shallow Breathing, is characterized by a breathing rate higher
than 20 bpm (Figure 5) This value is expected while doing exercise, in situation of fear or due to
fever. Nevertheless, a continuous high respiratory rate is an indicator of a health problem139.
Various diseases, injuries, and substances can lead to a change in breathing.
This type of pattern is often related to restrictive lung disease, pleuritic chest pain , and an
elevated diaphragm 138. It also indicates respiratory insufficiency for example pneumonia or
pulmonary embolism 139.

ATAXIC or BIOT’S BREATHING
The breathing pattern of ataxia is characterized by random interruptions of breathing for short
periods, along with shallow or deep breaths. In general, it is a type of irregular breathing that is
unpredictable138.
Some of the causes of ataxic breathing are brain damage, typically in the spinal cord area, and
respiratory depression138.

SIGHING RESPIRATION
It is a type of breathing interrupted by frequent sighing. This could be a warning sign of
hyperventilation if the sighing continues over a long period of time.

BRADYPNEA
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Breathing pattern disorder characterized by a breathing rate less than 12 bpm.
Among the various causes that can lead to bradypnea are damage near the brain stem or
increased brain pressure from strokes140. In turn, a study conducted in 2016 141, established a
relationship between emotional stress and chronic anxiety with decreased breathing rate.
Initially, this decrease may not be a health risk, but if it persists over time, the risk of bradypnea
increases. In addition, as breathing rate decreases, blood pressure increases and hypertension
may develop in the long-term.

HYPERPNEA
Hyperpnea 142 is characterized by an increase in the amount of air inhaled, deep breathing and
sometimes increased breathing rate, not always necessary. Hyperpnea is characteristic in
situations of physical activity, in areas of higher altitude, due to anemia, exposure to low
temperatures, among others. These are situations where the human being needs to capture more
oxygen than usual.
Generally, hyperpnea is not indicative of any medical problem, compared to tachypnea or
sustained hyperventilation.

AIR TAPPING
It is defined as difficulty in exhaling the inhaled volume and an increase in the breathing rate,
causing the lungs to become blocked. As a greater volume of air remains inside the lungs, the
chest expands and occasionally the breaths are more superficial 143.
This pattern is characteristic of obstructive lung diseases.

CHEYNE-STROKES BREATHING
Breathing disorder characterized by cyclical episodes of apnea and hyperventilation 144.This
pattern is normal in children or adults during sleep, with no medical implications. However, it
should be consulted with your doctor, as it is often associated with heart failure, drug-induced
depression, anxiety and increased intracranial pressure143.

KUSSMAUL RESPIRATIONS
It is characterized by rapid and deep breathing that involves greater physical effort 145. It is
associated with medical complications that affect pH, such as diabetic ketoacidosis. When faced
with a variation in the pH level, the body tries to restore the normal situation by means of
Kussmaul breaths.
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FIGURE 19: NORMAL AND ABNORMAL RESPIRATION PATTERNS

146

BLOOD - OXYGEN LEVELS
The blood oxygen level is one of the essential parameters measured in the clinic, and of great
importance to control the ventilation status of any patient.
The human body is responsible for monitoring and regulating the distribution of oxygen
throughout the body through the red blood cells after it has been captured in the lungs by
inhalation.
Oxygen, once in the blood vessels, is transported physically dissolved in the blood and chemically
combined with the hemoglobin in the red blood cells 147. In a healthy individual, the proportion
of oxygen transported by binding to hemoglobin is much higher, 98.5 percent against 1.5 percent
dissolved directly into the blood 148, and is the commonly measured value.
Hemoglobin is a molecule found inside erythrocytes and its structure is based on 4 subunits
(Figure 20). Due to its chemical composition, the four subunits that make up the molecule have
an affinity for the oxygen molecule. Thus, each hemoglobin molecule can bind to a total of four
oxygen molecules.
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FIGURE 20: HEMOGLOBIN PROTEIN STRUCTURE

148

However, the binding of oxygen molecules to hemoglobin does not occur in the same way due to
conformational change of hemoglobin as it combines with oxygen molecules. It is easier to attach
a second and third oxygen molecule to hemoglobin than the first, and the fourth oxygen molecule
is the most difficult to bind 148.
There is a widely known graphic representation, which allows understanding the variation of the
affinity of hemoglobin for oxygen. This relationship is known as the oxygen dissociation curve 148
(Figure 21): as the partial pressure of oxygen increases ( 𝑃𝑂2 ), hemoglobin becomes more
saturated with oxygen. In the case of variations in the cell environment, the curve may shift to
the left or right.

FIGURE 21: OXYGEN DISSOCIATION CURVE 148

HOW IS IT MEASURED?
The amount of oxygen present in the bloodstream can be expressed in different ways: oxygen
saturation (𝑆𝑝 𝑂2 ), which represents the percentage of oxygen that is bound to Hb, or by partial
pressure of arterial oxygen. The most commonly used value is the oxygen saturation which can
be easily measured by a pulse oximeter (Figure 22).
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FIGURE 22: PULSI OXIMETER

149

The pulsi oximeter is a noninvasive device which measures the oxygen that is being transported
by the hemoglobin (oxyhemoglobin). The device is based on the use of light-emitting diodes
(LEDs) to shine red and near-infrared light through the skin. By comparing the light it absorbs
during the pulse wave with the basal absorption, the percentage of oxyhemoglobin is calculated
150,151
.
This technology, in addition to providing the oxygen saturation value, also reports the heart rate
and pulse curve. However, the measurement is only possible on those parts of the body with very
thin skin such as the finger or earlobe 152. For this reason, the scientific community has continued
to research alternatives that allow the measurement of blood oxygen levels in any part of the
body by means of wearable sensors151.
One of the latest innovative technologies was designed by electrical engineers at the University
of California, Berkeley 153. Based on how the pulse oximeter works and what its limitations are,
they thought of overcoming these barriers by creating a flexible and lightweight sensor that
would measure oxygen saturation in any part of the body (Figure 23).

FIGURE 23: WEARABLE SENSOR TRACKS BLOOD-OXYGEN LEVELS FOR REAL-TIME ANALYSIS

153
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This invention represents a great progress in the monitoring of oxygen levels for patients who
have just undergone surgery, or simply for people who suffer from any type of disease such as
diabetes or sleep apnea. In addition to its advantages, it offers the possibility of a 24-hour
monitoring service every day of the week.

NORMAL BLOOD-OXYGEN LEVEL
In a healthy person, blood oxygen saturation levels are usually between 94% and 99% 154. In the
case of having a value lower than 95% it can indicate a possible hypoxia, and if the values do not
reach 90%, it is a severe hypoxia and urgent oxygen therapy would be a necessary. In a case of a
value lower than 80%, the patient will probably have to be intubated and ventilated mechanically
155
.
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STRESS
Stress is a normal reaction of the human body to challenging or hazardous situations. How much
stress is experienced in a given situation varies from person to person, but the physiological
response is considered the same: fight or flight response.
A set of events occur in stressful situations such as respiratory, cardiovascular, hormonal and
nervous system changes. The body needs to prepare itself to deal with that stressor.
We all face difficult situations that set our bodies in motion, but not every kind of stress is good
for the human body. It is therefore essential to differentiate between different levels of stress.
Feeling agitated due to one-off situations, such as an exam or a job interview, is not a health risk,
in fact, it may help us be more alert and successful in dealing with the situation. But if this stress
is permanent in our daily lives, becoming chronic, it can have serious consequences on our
physical, mental and emotional condition.

FIGHT OR FLIGHT RESPONSE
It is important to know how the body prepares quickly to combat life-threatening situations. It is
a carefully orchestrated set of hormonal changes and physiological responses that allow the
human body to either fight back decisively or escape to safety.
This response originates in the brain, namely the amygdala. When faced with a stressor, which
can be perceived by sight or hearing, or both, a signal reaches the amygdala alerting it to the
situation. The amygdala is in charge of emotional processing, interpreting images and sounds.
Once the risk is detected, a distress signal is sent to the hypothalamus 156.
The hypothalamus acts as the command center, it is in charge of communicating to the autonomic
nervous system how to react. The sympathetic component of the autonomic nervous system will
play the role of activating the fight or flight response, provoking a burst of energy in the body so
that it can respond to the perceived danger. On the other hand, the parasympathetic component
is in charge of recovering the state of calm and rest, once the danger has passed.
The first hormonal secretion is produced by the activation of the sympathetic nervous system
which sends signals to the adrenal glands through the autonomic nerves. The hormone
epinephrine, also known as adrenaline, is released and transported through the bloodstream
causing a series of physiological responses. It increases the heart rate and blood pressure to
supply oxygen and necessary nutrients to all vital organs, and eliminating waste products at the
necessary speed. Breathing is accelerated and the airways are opened widely, allowing greater
amounts of oxygen to be inhaled, which is necessary for the brain to remain in the alert state. In
turn, a greater supply of nutrients is needed, and that is why glucose and fats temporarily stored
in certain parts of the body are released and distributed through the bloodstream157,156.
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Once the initial secretion of epinephrine decreases, the HPA axis 158 composed of the
hypothalamus, pituitary, and adrenal glands, is put into action. This system, based on hormonal
secretions, is essential to keep the body in a state of maximum alertness. It begins with the
release into the bloodstream of corticotropin-releasing hormone (CRH), which travels to the
pituitary gland, triggering the secretion of adrenocorticotropic hormone (ACTH). In the presence
of ACTH, the adrenal glands release cortisol (Figure 24)159. Once the moment of danger has
passed, cortisol levels are reduced and the parasympathetic system buffers the stress response,
returning to a state of rest 156.

FIGURE 24: RESPONSE OF THE SYMPATHETIC NERVOUS SYSTEM IN COOPERATION WITH THE ENDOCRINE
SYSTEM: HORMONAL SECRETIONS IN RESPONSE TO STRESS 160

STRESS LEVEL AND ITS IMPLICATION IN THE HEALTH CONDITION
After several years of research, the scientific community has been able to analyze not only what
are the physiological phenomena resulting from a stress situation, but also how these changes
affect health in case of prolonged stress.
Chronic stress has a great influence on the mental and physical health of the organism, since the
whole body is involved. It has been suggested by multiple researchers that chronic stress
influences the development of depression, anxiety, addiction, as well as contributing to
hypertension, increased risk of heart failure, and multiple cardiovascular diseases 161,162,163. In
general, chronic stress is characterized by a set of maladaptive responses to situations in which
the human being is threatened, affecting the functioning of all systems that make up the human
body.
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MUSCULOSKELETAL SYSTEM
When the body is under stress, the muscles are involuntarily tensed by the activity of the
sympathetic nervous system. The body reacts in this way with the intention of protecting itself
from danger, and once the danger is over, it relaxes again. In the event of chronic stress, the
muscles are almost constantly under tension, which can cause various damages to the body or
promote stress-related disorders.
Muscle pain in the lower back or upper extremities can be related to stress, especially at work.
Additionally, diseases such as migraine or tension headache are related to chronic muscle tension
in the shoulders, neck and head. Muscle tension and, finally, muscle atrophy due to disuse of the
body, promote chronic musculoskeletal conditions related to stress 162.

RESPIRATORY SYSTEM
The respiratory system is also affected by stress and strong emotions. In the case of people who
do not have any disorder of the respiratory system, this is usually not a problem, as the human
body will be able to defend itself. On the contrary, the increase in breathing frequency due to
stress in people with breathing problems, can exacerbate the difficulties in ventilation. This would
be the case for people suffering from asthma or chronic obstructive pulmonary disease (COPD;
includes emphysema and chronic bronchitis), for instance.
It has also been evaluated how traumatic situations accompanied by acute stress can favor the
development of asthma attacks. In turn, hyperventilation can lead to a panic attack162.

CARDIOVASCULAR SYSTEM
The circulatory system plays an essential role in the fight or flight response: transporting the
necessary hormones, mainly adrenaline, noradrenaline and cortisol, to prepare the body for the
event of stress. In a situation of acute, momentary stress, the blood vessels leading to the organs
and the heart dilate. The heart rate increases, as does blood pressure, to supply large amounts
of oxygen-rich blood and nutrients to the entire body. When the stressful situation has passed,
the body returns to its original resting state.

The problem occurs when the stress is persistent, called chronic. It can lead to serious problems
in the blood vessels and heart. Maintaining consistently high heart rate and blood pressure levels
increases the risk of coronary artery disease, heart attack, stroke, and hypertension 164.

ENDOCRINE SYSTEM
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The endocrine system is an essential complex in the development of the response to stress. It is
responsible for executing the hormonal secretions of the HPA axis, mainly glucocorticoids,
including cortisol.
In a situation of stress, cortisol is responsible for increasing energy levels in the body by promoting
the mobilization of glucose and fatty acids stored in the liver, necessary to deal with the challenge,
through glycogenesis and glycogenolysis. In turn, cortisol participates in the release of
catecholamines, in the suppression of insulin, in the regulation of the immunoinflammatory
response, among others.
The level of cortisol in the blood is regulated automatically, fluctuating throughout the day
according to the internal biological cycle: in the morning, the body needs more energy, therefore
higher levels of cortisol, while in the afternoon these levels decrease, preparing for rest.
In the case of chronic stress, the production of 'stress hormones' can be seen to be out of control,
with the HPA axis being either suppressed or deregulated in maladaptive responses to stress. In
addition, there is a deterioration in the communication between the HPA axis and the immune
system. This factor is a potential cause of the development of disorders such as depression,
diabetes, obesity, chronic fatigue and immune pathologies 162,164.

GASTROINTESTINAL SYSTEM
The digestive system162 is a sensitive, highly innervated system. Communication between the
brain and the intestine is constant, and that is why stress influences the state of well-being of the
intestine, as well as the stomach. In turn, numerous bacteria are found in the bowel, which can
affect the health and cognitive activity stage.
When the human body is under stress, various changes in intestinal bacteria occur 165. These
variations affect mood. A typical feature of stress is a change in diet. For some, eating more is
one of the ways out, either eating frequently or eating less. These variations in diet can increase
the risk of heartburn or reflux. When eating fast, air intake can increase, compromising food
swallowing, and raising the chances of belching, bloating, and gas.
On the other hand, stress can cause sensitivity in the stomach and intestine to heighten. Swelling,
discomfort in the stomach or intestine are more painful under stress, and may even cause
vomiting if it is very severe. At the intestinal level, the flow of food is faster, leading to incorrect
absorption of nutrients. Diarrhea can be quite common.
Finally, variations in the protective barrier of the intestine can result from prolonged stress. The
intestine is not able to defend itself against certain bacteria that come from food, and enter the
body. Severe changes in the gut microbiota can lead to chronic intestinal diseases, such as
inflammatory bowel disease or irritable bowel syndrome 165.
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NERVOUS SYSTEM
The nervous system is especially important in controlling the response to stress. It is responsible
for perceiving and interpreting aspects that may be threatening and executing the fight or flight
response to them.
If the body is constantly on alert, which is characteristic of chronic stress, the nervous system
carries out excessive chemical and physical reactions, leading to exhaustion of the body. A
continuous activity of the nervous system means an alteration in the general functioning of all
the systems that make up the human body, causing different disorders at a general level.

HOW DO YOU KNOW WHEN YOU ARE STRESSED?
Suffering from stress is increasingly common due to the changing and industrialized society in
which we live. The day-to-day challenges that people face mean that around 150,000 people 166
in the world live under the condition of stress, associated with this term anger and anxiety. This
is certainly worrying data, taking into account all the implications it has on the mental and physical
condition.
It is therefore necessary to know what the symptoms 167 indicating excessive stress are in order
to remedy them in time and avoid medical complications.
o

Pain or tension in the head, chest, stomach or muscles. Excessive levels of stress lead to
increased muscle tension, which can lead to musculoskeletal pain and migraines.

o

Problems in the digestive system, such as diarrhea, acid reflux, nausea, vomiting.

o

Reproductive problems. In the case of women, the period may be more painful and even
it may become irregular. In turn, sexual desire may decrease.

o

Irregular variations in blood pressure levels and heart rate due to excessive activity of the
autonomic nervous system and increased production of glucocorticoids.

o

Emotional instability. Stress can be detected prematurely because of the great influence
it has on the metal state. Anxiety or depression, as well as irritability or feelings of
demotivation
are
clear
symptoms
of
excessive
stress.

o

Cognitive status. Memory, concentration and performance can be affected by stress, and
can lead to poor decision making.

Even if the symptoms are known, they do not always manifest themselves simultaneously and
therefore society is not able to detect that the level of stress it is under is abnormally high in time.
This is why there is a growing scientific interest in monitoring the level of stress in order to prevent
potential medical disorders.
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THE REVOLUTIONARY STRESS MONITORING
If one has to define how much stress one is experiencing, the response is usually subjective. Over
the past few years, various technologies have been developed that provide more objective data.
There are some sensors attached to the skin that are able to measure the level of stress by
recording heart rate, body temperature and perspiration levels 168. However, these markers can
vary due to factors other than stress alone, and that is why the scientific community is looking for
another, more accurate meter: cortisol.
Cortisol is the ultimate stress hormone. From the variations in the production of this steroid
hormone, it is possible to know how much stress the body is subjected to. In the clinical setting,
cortisol can be measured by a blood, hair or saliva test. However, if variations in the amount of
cortisol in the blood are to be monitored, a system is needed that is capable of continuously,
accurately, instantly and non-invasively monitoring these values. For this reason, multiple
research groups have focused on designing a wearable sensor that adheres to the skin and is
capable of measuring the level of cortisol secreted from sweat, and thus analyze changes in
concentration to determine the degree of stress and whether it is punctual or persistent over
time 168,169.
An example of these advances is a biosensor created at Stanford University developed in The
Salleo Lab (Figure 25).

FIGURE 25: DIAGRAM OF THE BIOSENSOR STRUCTURE CAPABLE OF MEASURING CORTISOL PRESENT IN
SWEAT. TECHNOLOGY DEVELOPED BY THE SALLEO LAB. (IMAGE CREDIT: ONUR PARLAK) 170

54

D E CISIO N SUPPO RT SY S TE M

HOW TO DEAL WITH STRESS
Feeling stress causes a sense of distress that can be difficult to manage if you do not know what
guidelines can help you get through the moment or even avoid it.
o

Healthy diet. With a healthy diet, the energy with which the human being faces
adversities is greater. Additionally, thanks to the necessary supply of nutrients, such as
essential vitamins and minerals, you protect the body from feelings of discomfort 171,172.

o

Avoid or reduce alcohol consumption and stop smoking. Sometimes people who smoke
or like to drink use these escape routes to get out of situations that cause stress.
However, this technique is not adequate and can cause even more serious damage to
health173.

o

Physically active lifestyle. Staying physically active, whether it's going for a walk or playing
sports, contributes to good mood and can be very effective in relieving stress174.

o

Exercising the mind. It has been studied and proven that meditation helps in a very
efficient way in the relaxation and in the overcoming of situations that cause stress.
Working mindfulness regularly, helps the organism to know how to deal with the effects
of stress and anxiety 174,175.

o

Take care of yourself. Sometimes we are too hard or demanding on ourselves. Having a
bad day doesn't make us the worst in the world. Just try to be more compliant and
realistic about the goals you can achieve on a daily basis. Try to keep things in perspective.

o

Consider whether your stress is caused by poor rest and try to give your body what it
needs.
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HEALTH MONITORING AND DECISION MAKING
The initial purpose of this project has been to analyze the different variables that are going to be
monitored by means of wearable sensors with continuous tracking. Throughout the different
chapters, the implications of these parameters on health, normal values for maintaining a healthy
lifestyle, as well as abnormal values, medical complications and risks have been presented.
It is essential, based on the data monitored individually and constantly, to be able to carry out an
evaluation of the level of health of each subject and to be able to offer a series of guidelines that
help to improve the quality of life, and therefore the current state of health. The Decision Support
System comes into play here.
The Decision Support System takes into account the information obtained from the following
variables:
o

Weekly physical activity level. From the data collected on the relative heart rate, the
system will calculate what type of activity (light, moderate or vigorous intensity) and how
long the subject has been doing on a weekly basis. From the standards established in the
chapter on physical activity, the subject will be evaluated: bad physical shape, good
physical shape or excellent physical shape.

o

Body mass index. This parameter may be one of the least variable, but it is essential to
determine the degree of overweight of the subject and to alert to the possibility of risk
of obesity.

o

Blood sugar levels. Monitoring the level of glucose in the blood will allow an early
diagnosis of diabetes, as well as facilitate the follow-up of patients who have diabetes or
have abnormal levels without being diagnosed. It will alert the subject to abnormal values
sustained over time that compromise his or her health.

o

Blood pressure. Constant monitoring of systolic and diastolic blood pressure levels. It will
allow an early diagnosis of the risk of hypertension, as well as its follow-up to evaluate
the improvement in the levels due to the guidelines offered by the decision support
system.

o

Heart rate. Assessment of the heart rate will be essential to determine the subject's level
of physical activity and determine the quality of rest. It is in turn a parameter that allows
the diagnosis or anticipation of dysfunctions in the autonomic nervous system, as well as
a marker of heart disorders such as arrhythmia, tachycardia.

o

Sleep quality. Determining the quality of the subject's rest is based on a set of variables
that will be analyzed by the decision support system: hours of sleep, lighting and
temperature in the rest area, variability of respiratory rate and heart rate. On one hand,
sleep monitoring will allow to improve the quality of sleep of any subject, through the
guidelines offered by the system. On the other hand, it will allow to identify abnormalities
in the sleep pattern of the subject, and thus be diagnosed and treated by a specialist if
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necessary. The system will follow up on this, determining whether the treatment or
guidelines are necessary and effective.
o

Respiratory rate. The constant analysis of the respiratory rate will allow the evaluation of
the quality of the subject's ventilation at rest, in situations of physical activity and during
sleep. At the same time, in the event of abnormal values, the system will be able to
analyse whether the subject suffers from any alteration in the breathing pattern and
facilitate the detection of severe disorders.

o

Bood-oxygen levels. The quantity of oxygen in the blood measured continuously allows
to alert subjects with respiratory pathologies of a possible dangerous event, and thus to
ensure a timely intervention. It allows the quality of ventilation to be evaluated.

o

Stress level. From the amount of cortisol secreted in the sweat, the system will analyze
to what level of stress the subject is submitted, evaluating if this, in case of being
constant, is dangerous for his health.

HYPETETICAL SUBJECTS

SUBJECT 1

HEALTH MONITORING
The subject 1 is a young boy of 23, non-smoker and he usually drinks alcohol twice a week (6
drinks/week).
Because he is doing a master's degree and does not like sports, his life is quite sedentary, and he
takes on insufficient value of weekly physical activity. The sensors detect mainly light to moderate
intensity activities such as sitting, washing dishes, occasional cleaning of the house and walking
to the university, essentially.
The Decision Support System states that his physical condition is poor, not reaching 150 minutes
per week of moderate-intensity activity.
In relation to the body mass index, he obtains a value of 27.7 (weight = 80 kg, height = 1.70 m).
He is within the pre-obesity range (25.0 - 29.9).
The subject has abnormal blood sugar levels, both before eating (5.7 mmol/l) and after eating (8
mmol/l). He is within the range of pre-diabetes values (fasting = 5.5 to 6.9 mmol/l; after eating =
7.8 to 11.0 mmol/l).
Regarding blood pressure levels, he is within the normal range with 110 mmHg as SBP and 70 as
DBP.
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The heart rate does not show any abnormal variation, always within the range of 60 to 100 ppm
at rest, and the heart rate variability is in accordance with the levels of physical activity and
moments of rest and relaxation.
The subject does not rest long enough, an average of 6.5 hours of daily sleep is recorded over a
week.
At the same time, the amount of cortisol in the sweat indicates that the subject is under stress
almost every day of the week because of the daily pressure at the university.

DECISION MAKING
The subject adds several negative health conditions: insufficient physical activity, risk of obesity,
high blood glucose values with risk of diabetes and insufficient rest.
The Decision Support System advises the following:
-

-

Increase the level of physical activity to at least 150 minutes per week. For example:
swimming, golf, weight training.
Eat a diet rich in vegetables and fruits, and decrease your intake of carbohydrates and
sugars. Eat at regular times without snacking between meals. Drink 2 liters of water a
day. This change in diet will promote weight loss and decrease abnormal blood glucose
values.
To increase the hours of sleep and achieve adequate rest:
o Increase sun exposure during the day.
o Avoiding the use of devices with light screens in the last hours of the day.
o Avoid consumption of stimulant drinks in the last hours of the day: coffee, coca
cola, etc.
o Go to sleep and wake up at the same time to regulate the circadian rhythm.
o Make sure that the rest environment is adequate: temperature, light, noise.

Once the subject has adopted these new lifestyle guidelines, the Decision Support System will
analyze the variables and check whether these guidelines have been effective. If not, new
guidelines will be imposed. As long as the subject is not in a situation of danger to his/her health,
it will not be necessary to go to the doctor.

SUBJECT 2

HEALTH MONITORING
The subject 2 is a women of 45, smoker, but she does not drink alcohol.
After monitoring of the first week using the smart device, the subject shows favorable values of
-

Weekly physical activity: good physical condition. (150 minutes of moderate-intensity
activity per week)
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-

Body mass index: she is within the normal nutritional state range (BMI = 22.8, weight =
60 kg, height = 1.62 m).

-

Blood sugar level: She is within the normal glucose blood levels: in fasting an average of
less than 5.5 mmol/l and after eating an average of less than 7.8 mmol/l.

-

Blood pressure: She showed normal values during all the situations along the week, with
an average of 105 mmHg as SBP and 75 as DBP.

However, the subject showed certain alterations in the parameter of heart rate variability (HRV),
as well as respiratory rate, high cortisol secretions and poor rest.
In the analysis of the HRV according to the activities developed during the day, abnormalities
were shown. Theoretically, in a situation of stress or high intensity physical activity, the HRV
reaches values close to zero, while in situations of relaxation, the HRV is much higher. According
to the values obtained for this subject, during the time corresponding to rest the HRV values were
very low.

DECISION MAKING
The subject, in spite of showing favorable results in the weekly physical activity, body mass index,
blood glucose levels and blood pressure, the alteration of the other variables are indicative of a
health problem.
Due to irregularities in HRV, the system considers that there is an alteration in the functioning of
the autonomic nervous system. In addition to the high levels of cortisol secreted, constant stress
may have affected the reciprocal activity and balance between the functions of the
parasympathetic and sympathetic systems. This situation is the cause of the incorrect rest of the
subject. This is why the system, as a first method of approach, gives the following guidelines:
-

Try to reduce stress levels by following the guidelines set out in the chapter dedicated to
the subject:
o Healthy diet.
o Avoid or reduce alcohol consumption and stop smoking.
o Physically active lifestyle.
o Exercising the mind.
o Take care of yourself.

-

Try to improve the sleep quality by following the guidelines set out in the chapter
dedicated to the subject:
o
o
o
o
o
o
o

Increase light exposure during the say.
Decrease exposure to blue tight at night.
Do not consume caffeine late in the day.
Reduce irregular or long daytime naps.
Sleep and awake at consistent times.
Do not consume alcohol before bedtime.
Optimal resting environment.
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Once the subject has adopted these new lifestyle guidelines, the Decision Support System will
analyze the variables and check whether these guidelines have been effective. If not, new
guidelines will be imposed. As long as the subject is not in a situation of danger to his/her health,
it will not be necessary to go to the doctor.
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CONCLUSIONS AND FUTURE LINES
CONCLUSIONS
The main objective of this project has been the analysis of the most important variables used in
the clinical field for the evaluation of the state of health and quality of life of any individual: weekly
physical activity, body mass index, blood glucose level, blood pressure, heart rate, sleep pattern,
respiratory rate, blood oxygen level, stress level. From the analysis of each of these variables,
their importance in the field of health has been established, as well as their relevance in
maintaining values within the optimum range, and the risks involved in the face of abnormal
values and the most common diseases associated with these alterations. In general terms, it could
be said that these goals have been achieved and with truly useful information for anyone who
wants to improve their quality of life, since different guidelines have been offered to control these
variables.
The second major objective of the project has been to compile all the information obtained from
the previous analysis to create the Decision Support System. This part of the project is really the
'goal'. Ideally, all the variables studied throughout the work are monitored by means of wearable
sensors. The continuous recording of a subject's variables, together with all the information
collected, make up an undoubtedly useful tool to evaluate the state of health of a subject and to
be able to offer guidelines to improve the quality of life. This system is of great interest to anyone,
from those who suffer from a chronic disease, such as diabetes or hypertension, to people who
are apparently 'healthy' and simply want to improve certain aspects, such as sleep quality or
stress level. It is also a tool that helps to prevent potential health problems, since thanks to
continuous monitoring, abnormal values will be reported and the maintenance or progression of
abnormal values can be prevented, which in the long term may cause irreversible damage.
Despite having achieved the first objective of the project, the second has not been fully
completed. The main critical point has been time planning and organization.
This project was assigned to me in April thanks to the help of Charissa Roossien and Bart Verkerke,
as an alternative to the internship I had assigned at Johnson & Johnson Vision. Due to the
unpredictable situation of being able to perform the planned internship, I started working on this
project in May. At first it was a bit complex to understand the objective and methodology to
follow, but thanks to Bart's explanations it was easier to start with the information gathering. Due
to the instability caused by COVID-19, my planning and organization was affected and as a result,
my communication with my supervisor has not been as dynamic as it should have been. It is due
to this situation that the work, from my point of view was mainly focused on the exhaustive
analysis of the variables, and the second part of the project, systematizing the decision support
system, has not been fully developed. If my organization had been better, I could have spent
more time on the final part of the project, offering real clinical cases with contracted results.
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FUTURE LINES
The future possibilities of this project are unimaginable. It represents the scientific basis of a
project that can be very useful for the health care of anyone.
Firstly, the information collected on the different variables could be extended, adding more
precise information on each one, or even taking into account more physiological variables.
Cooperation with medical entities and research groups would be of great interest to ensure the
reliability of the information obtained.
Secondly, in relation to the technological area of the Decision Support System, the development
of sensors or systems for measuring the variables in question is of vital importance. This project
is based on the idyllic fact that we have these sensors and they provide us with the data in a
constant and precise way, but for a future implementation it is necessary to collaborate with a
group of biomedical engineers to study the possible implantable wearable sensors.
Finally, it would be of great interest to create a simple and intuitive application for the user who
is interested in this product. In that application the user would be able to visualize all the variables
that are being controlled, receive the notifications with the guidelines to follow in order to
improve his health status, and of course receive alerts in the case of danger situations, alerting in
turn the nearest medical center to receive immediate assistance.
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