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Background: Behavioral and substance addictions are prevalent health problems
that, alongside obesity, are linked to reduced physical activity and increased
sedentary time. Similarly, arterial stiffness and vascular aging are processes
that begin gradually at an early age and are closely associated with morbidity
and mortality from cardiovascular diseases. The main objective of this study
is to analyze how addictions are related to obesity and body fat distribution,
physical activity, sedentary time, arterial stiffness and vascular aging, as well as
sleep quality, cognitive function and gender differences in young adults aged
between 18 and 34 years.

Methods: This cross-sectional descriptive observational study will analyze data
from 500 subjects (250 menand 250 women) aged 18-34 without cardiovascular
disease, selected by simple random sampling with replacement from the urban
population of the city center of Salamanca (34,044 people aged 18-34, with
18,450 women and 15,594 men). Behavioral and substance addictions, as well
as sleep quality and cognitive impairment will be assessed using questionnaires.
The Pittisburg Sleep Quality Index (PSQI) will be used to measure sleep quality
and the Ford questionnaire will be used to measure insomnia in response
to stress. For obesity, weight, height, waist and hip circumference, body
composition will be measured with the Inbody 230® impedance meter. For
physical activity and sedentary time, we will use the Actigraph® accelerometer
alongside the international physical activity questionnaire (IPAQ) and the
Marshall questionnaire. The Sphygmocor System® will be used for pulse wave
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analysis and carotid-femoral pulse wave velocity (cfPWV), while the Vasera
VS-2000°® will measure cardio ankle vascular index (CAVI) and brachial-ankle
pulse wave velocity (baPWV). Vascular aging will be calculated with the 10th
and 90th percentiles of cfPWV or baPWV. Demographic, analytical variables will
be collected, as will data to assess vascular, cardiac, renal, and brain injury.

Discussion: Addictions are on the rise in today's society, affecting the mental
health and well-being of those who suffer from them, generating important
social problems such as job loss, family dysfunction, debt and social isolation.
Together with obesity, they are prevalent health problems in young adults and
are associated with lower physical activity and higher sedentary time. Meanwhile,
arterial stiffness and vascular aging are processes that begin gradually at an early
age and determine morbidity and mortality caused by cardiovascular diseases.
The results of this project will allow us to understand the situation regarding
behavioral and substance addictions in young adults. Better understanding
of these addictions will in turn facilitate the development of more effective
prevention strategies and intervention programs, which can then reduce the

negative impact at both the individual and societal levels.
Clinical trial registration: [ClinicalTrials.gov], identifier INCT05819840].

KEYWORDS

substance-related disorders, gambling, internet use, technology addiction, obesity,
healthy lifestyle, physical activity, vascular stiffness

1 Introduction

Behavioral addictions cause loss of control and inability to stop or
control addictive behavior, and despite their negative impacts on
mental health, they are increasingly prevalent. For these reasons, the
National Strategy on Addictions 2017-2024 has incorporated
non-substance or behavioral addictions as a new field, with special
emphasis on gambling (in-person or online) and addictions through
new technologies (1). Thus, gambling with money and the use of
Internet, smartphones and video games are common activities among
young adults, due partly to the immediacy of reward, ease of access
and anonymity they offer (1, 2). These disorders usually begin in
adolescence, affecting behavior patterns and causing significant
deterioration in personal aspects (1, 3). In Spain, behavioral addictions
have increased during the last decade. It is estimated that 58% of the
population aged between 15 and 64 years has participated in gambling
for money in the last year, with in-person gambling more frequent
than online gambling, while 97% of the population have used the
internet for recreational purposes during the last month (1).
Compulsive internet use has also increased (from 2.9% in 2017 to
3.5% in 2022) and 50% of young people play video games at least
weekly (1). These behaviors vary by sex: gambling with money is more
frequent among men, while compulsive Internet use is higher in
women (1). These behaviors vary by sex: gambling with money is
more frequent among men, while compulsive Internet use is higher in
women (4, 5). Due to lockdown and social restrictions, these types of
behaviors increased during the confinement as a coping strategy for
stress or anxiety (6, 7).

Legal substances continue to be the most used substances.
According to the latest data published in the EDADES survey, in
1995-2022, 93% of the Spanish population between 15 and 64 years of

Frontiers in Public Health

age reported drinking alcohol and 70% said they had smoked tobacco
at some point in their lives, with consumption starting around the age
of 16 and being higher in men (8, 9). In addition, drinking alcohol can
act as a gateway to other substances (1). In Spain, 33.1% of the
population aged between 15 and 64 smoke daily (10). In addition, the
use of other modalities such as vaping has increased, especially among
15- to 24-year olds (2). The use of psychoactive substances is higher
in men, except for hypnosedatives, which is higher in women (8, 11).
In Spain, the use of illegal substances (cannabis, the most widespread,
cocaine and ecstasy) has increased in recent years, with a prevalence
of 40% for cannabis and 5.1% for ecstasy, at 18 years of age (8, 11, 12).
Polydrug use compounds the risks, increasing mental illnesses (10). A
recent study found that gender, age, and dual pathology had an impact
on substance use and mental health during the pandemic by COVID-
19. Men had greater alcohol and cocaine use, while women
experienced more depressive and anxiety symptoms. In addition,
younger adults were using cocaine and cannabis more frequently, and
had more socio-familial and legal problems. Finally, dual pathology
was related to the use of benzodiazepines, work problems
(unemployment) and anxiety-depressive symptoms. The differences
found (in age, gender and dual pathology) should be taken into
account when planning health measures in this population (13).
Both general and abdominal obesity are related to an increase in
deaths from all causes, being one of the main cardiovascular risk
factors (14, 15). Obesity has been on the increase ever since records
began (16). According to the WHO, it has almost tripled since 1975;
in 2016, more than 1.9 billion adults worldwide aged over 18 were
overweight and more than 650 million adults were obese (16). This
increase also affects children and adolescents, so between the ages of
5 and 19 it has increased drastically from only 4% in 1975 to more
than 18% in 2016 (16). In Spain, this prevalence is 21.6% (22.8% in
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men and 20.5% in women), with the prevalence of abdominal obesity
being 33.4% (23.3% in men and 43.4% in women) (17). This has raised
mortality by more than 50%, making it the fourth most preventable
factor reducing quality of life (18). This increase is related from early
ages to less physical activity, and more sedentary time in front of
screens (19, 20).

Physical activity improves quality of life, which benefits the
health system and society (21, 22). Thus, most international (23,
24), recommending at least 150 min/week of moderate-high
intensity physical activity to obtain benefits. However, physical
activity has decreased and sedentary lifestyle and daily time in
front of screens have increased (24, 25), raising cardiovascular risk
and general mortality (26, 27). Physical activity at younger ages
can have positive health effects in adulthood (28, 29). Despite
these health benefits, young adults and adolescents sit for many
hours a day and many are physically inactive (30). Furthermore,
the use of smartphones and other technologies is more prevalent
in these age groups (31, 32), assuming an increase sedentary
lifestyle (33).

Increased arterial stiffness occurs with a reduction in the elasticity
of the arteries, and is a good risk predictor for cardiovascular diseases
(CVD) just as important that traditional cardiovascular risk factors
(34). Thus, arterial stiffness measured non-invasively has been
positively associated with cardiovascular events (35, 36). It is linked to
the appearance of vascular aging (37, 38), reflecting the dissociation
between the chronological and biological age of the large arteries, with
such abnormalities preceding the appearance of cardiovascular events
(37, 39). In recent decades, epidemiological studies have been carried
out to clarify the determining factors of vascular aging (40), and its
study has aroused great interest (37, 38). Vascular aging is a gradual
process that begins at an early age and reflect biological aging (37, 41,
42). The advantages of physical activity are known (38). However, the
influence of addictions during youth on vascular aging has been little
studied. The study of vascular aging in this life stage has aroused great
interest in recent decades because it shows a better relationship with
morbidity and mortality from cardiovascular diseases than biological
aging (37, 38).

These changes in habits also affect other aspects, such as sleep, the
duration of which is related with cardiovascular problems (43).
Currently, insomnia or unsatisfactory sleep has a prevalence of
approximately 6-10% in industrialized countries, with women more
affected than men (44). The first meta-analysis to report on the
prevalence of mental problems in Spain during the COVID-19 crisis
showed that the prevalence of insomnia was 57%, with the majority
being young adults (45), while the average European rate was lower
(30.8% % IC, 27.1-34.4%) (46). This high prevalence of sleep disorders
may be because they constitute a vulnerable group in continuous
change due to maturation, academic and work processes (47). It is also
a population that makes greater use of smartphones, the Internet,
social networks and video games and presents greater substance use,
factors that are closely linked to insomnia and anxiety (43, 48). The
combination of sleep disorders with these types of addiction thus
affects their quality of life (49).

For these reasons, the main objective of this study is to analyze the
links between addictions and obesity, the distribution of body fat,
physical activity, sedentary time, arterial stiffness and vascular aging,
alongside sleep quality, cognitive function and gender differences in
young adults.
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The secondary objective is to analyze how the quality and quantity
of sleep is associated with the appearance of addictions, obesity, level
of physical activity, sedentary time, cognitive function and arterial
stiffness, as well as differences by gender.

2 Methods and analysis
2.1 Study design and context

This is a descriptive observational study of cases and controls in
which the differences between subjects with (cases) and without
(controls) behavioral and/or drug addictions with obesity, physical
activity, sedentary lifestyle, arterial stiffness and vascular aging, and
the relationships between them, will be analyzed. The study will
be carried out in the urban center of Salamanca, in the Primary Care
Research Unit (APISAL), involving researchers from three groups of
the IBSAL.

This project was approved by the Committee of ethics of research
with medicines of the health area of Salamanca on 7/10/2021 (CEIm
Reference Code Ref. PI 2021 088671048), and on 07/24/2023
(Reference Code CEIm reference Ref. PI 2023 071332). The SPIRIT
(Standard Protocol Items: Recommendations for Interventional
Trials) checklist 1/4/2024 11:04:00 a.m. is available for this protocol
(Supplementary material 1).

2.2 Study population

An urban population from the health area of Salamanca will
be recruited by means of stratified random sampling by age and sex
groups with replacement, based on the individual health card (TIS),
500 subjects aged between 18 and 34 years will be selected.

Candidates will be invited to participated by phone, if they accept,
the study visit will be scheduled according to their availability. They
will be considered non-responsive if three calls are made in three
different days at different times of the day (morning, noon and
afternoon) and they do not answer.

Inclusion criteria: Patients between 18 and 34 years of age who
agree to participate in the study and do not meet any exclusion criteria.
Exclusion criteria: terminally ill subjects who are unable to travel to the
health centers to undergo the corresponding examinations and who
do not sign the consent form. The selected questionnaires will be used
to determine whether the participant has any type of addiction.

The sample size was calculated with free GRANMO software' to
detect a difference of 0.8 units in the Body Mass Index (BMI) between
subjects who present or do not present any behavioral or substance
addiction. A 1:3 ratio of people with addictions/non-addictions is
estimated (1). Accepting an alpha risk of 0.05 and a beta risk of less
than 0.2 in a bilateral contrast, 108 subjects are therefore needed in the
first group and 360 in the second to detect a difference equal to or
greater than 0.8 BMI units, assuming a common standard deviation
of 2.16 BMI units (17). Therefore, the 500 subjects included will
be sufficient to test the proposed hypotheses. The description of the

1 http://www.imim.cat/ofertadeserveis/software-public/granmo/
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Salamanca
N = 34044
(Men: 15594, Women: 18450)

Urban population from the health area of

Baseline
assessment

Inclusion criteria
- Age from 18 to 34 years
- Signed informed consent
- Do not meet any exclusion criteria

Y Y
Women Men
N =250 N =250

Y
Presence
of
addictions
Y Y
Yes No
N =108 N = 360

FIGURE 1
Study flowchart.

subjects included in this study is shown in Figure 1. At the end of the
study, each patient will be sent a detailed report with the results of the
tests performed. In addition, a dissemination session will be organized
for all patients included in the study.

2.3 Variables and measurement
instruments

All measurements shall be carried out within a maximum period
of 8days. Researchers collecting data shall be trained in advance
following a standardized protocol and quality assessment shall
be carried out by an independent researcher.

Table 1 shows the questionnaires and tests performed on the
subjects during the study.

Frontiers in Public Health 04

2.3.1 Sociodemographic variables and personal
and family background

At the time of inclusion in the study, age, sex, marital status,
educational level and current employment status will be collected. In
addition, personal history of hypertension, hypercholesterolemia,
thyroid problems or other diseases, drug use and whether they follow
any special diet will be recorded. Direct family history of
cardiovascular and cerebrovascular diseases will also be asked, as well
as a history of drug use and addictions to gambling, mobile phones
and/or social networks.

2.3.2 Addiction assessment
2.3.2.1 Behavioral addictions

The following addictions will be evaluated through questionnaires:
Betting with money using the Cuestionario Breve de Juego Patologico
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TABLE 1 Summary of variables and form of measurement to be carried out in the study.

Sociodemographic variables

Age, sex, marital status, education level and employment

Anthropometric variables

Body weight, height, Body mass index, waist circumference, blood pressure

Body composition ®

Inbody 230~ multifrequency analyzer (Biospace)
Lifestyles
Diet quality Mediterranean Diet Adherence Screener (MEDAS)

Physical activity and sedentary time

International Physical Activity Questionnaire-Short Form (IPAQ-SF)

Accelerometer (ActiGraph-GT3X)

Marshall Sitting Questionnaire (MSQ)

Quality and quantity of sleep

Pittsburgh Quality Index (PSQI)

Ford Insomnia Response to Stress Test

Behavioral addictions

Gambling

Brief Questionnaire of Pathological Gambling.

Lie/Bet Scale.

Internet use

Compulsive Internet Use Scale (CIUS)

Smartphone use

Smartphone Dependence and Addiction Scale (EDAS-18)

Video games use

Video Game Related Experiences Questionnaire (CERV)

Drugs use and abuse

Smoking habits

4-item questionnaire adapted from the MONICA study (WHO)

Fagerstrom test

Alcohol consumption

Questionnaire on alcohol consumption in the last 7 days

Alcohol Use Disorders Identification Test (AUDIT)

Drug use

Alcohol, Smoking and Substance Involvement Screening Test (ASSIST V3.0)

Drug Abuse Screening Test (DAST-20)

Vascular function and aging

Carotid-femoral pulse wave velocity (cfPWV)

SphygmoCor device

Central augmentation index (CAIx)

SphygmoCor device

Cardio ankle vascular index (CAVI)

VaSera VS-2000® device

Brachial-ankle pulse wave velocity (baPWV)

VaSera VS-2000® device

Target organ injury

Heart evaluation

ECG (General electric 5000)

Kidney evaluation

Serum creatinine, glomerular filtration rate and albumin-creatinine ratio

Cognitive alteration

Cognitive function

Montreal Cognitive Assessment (MoCA) scale

(CBJP) (Short pathological gambling questionnaire) (50). This
comprises four dichotomous items (yes/no) referring to gambling
habits, feeling of guilt, inability to give up gambling, and use of
household money for gambling. A score of 2 or more will
be considered pathological gambling. The existence of problematic
gambling will also be assessed with the Lie/Bet scale (51), consisting
of two items, one referring to lies and the other to gambling; answering
yes to both items will be considered problematic. Internet use will
be assessed with the version of the Compulsive Internet Use Scale
(CIUS) adapted to the Spanish population (52), validated for young
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people in this age range and with a cut-off score of 28. Compulsive
smartphone use will be measured using the short version of the Escala
de Dependencia y Adiccion al Smartphone (EDAS-18) (Smartphone
dependence and Addiction Scale) (53), validated in the adult
population (54). Videogame use will be evaluated with the Cuestionario
de Experiencias Relacionadas con Videojuegos (CERV) (Videogame-
related Experiences Questionnaire) (55) which has two dimensions,
one regarding negative consequences and the other about escapism.
A score above 26 is considered to be potentially problematic for
the user.
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2.3.2.2 Substance addiction

To assess addiction to drugs, we will use the following
questionnaires: Alcohol, Smoking and Substance Involvement Screening
Test (ASSIST V3.0), consisting of eight items related to the use of nine
substances, categorized into three risk levels: “low (0-3 points),”
“moderate (4-26 points)” and “high (27 points and above)” (56, 57).
The Spanish version of the Drug Abuse Screening Test (DAST-20) (58)
consists of 20 questions with dichotomous answers (Yes/No), with 5
as a cut-off score. Alcohol Use Disorders Identification Test (AUDIT)
consists of 10 questions allowing discrimination between risky use
(8-15 points), harmful use (16-19 points) and alcohol dependence
(20 points or above) (59). Using a structured questionnaire, the
number of alcoholic drinks consumed in the previous week will
be recorded, the grams/week consumed will be estimated and the
patient will be classified as abstinent, low risk, intermediate risk or
high risk, according to Spanish Ministry of Health criteria (60) on
tobacco and alcohol consumption. Smoking will also be assessed with
the standard four-item questionnaire adapted from the WHO
MONICA study (61). The assessment of nicotine dependence uses
the Fagerstrom test, comprising six questions that allows
discrimination between mild dependence (under 4 points), moderate
(4-6 points) or severe (7 points or over) (62).

2.3.3 Anthropometric variables and blood
pressure measurement

Height will be measured in cm with a calibrated measuring rod,
with the patient inspiring, barefoot and with heels against the wall.
Waist circumference shall be measured with a flexible tape measure,
with the tape parallel to the floor above the iliac crests, at the end of
expiration and with the patient standing upright and without
clothing. The hip circumference shall be measured at the point of
maximum circumference, passing through the greater trochanter of
the two femurs. Body composition shall be measured by
bioimpedance with the Inbody 230® multifrequency analyzer
(Biospace) according to the manufacturer’s instructions. Clinic blood
pressure (BP) will be measured three times, using a validated Omron
model M10-IT sphygmomanometer (Omron Healthcare, Kyoto,
Japan). Measurements will be performed on the participants
dominant arm in a sitting position after at least 5 min of rest with an
appropriately sized cuff, determined by measuring the upper arm
circumference and following the recommendations of the European
Society of Hypertension (ESH) (39).

2.3.4 Vascular function

Pulse wave analysis and carotid-femoral pulse wave velocity
(VOPcf) with the Sphygmocor System®: with the patient in the supine
position, the pulse wave in carotid and femoral arteries is analyzed,
estimating the delay with respect to the ECG wave and calculating the
VOPcf. Central and peripheral Augmentation index (Alx): with the
patient seated and the arm resting on a rigid surface, pulse wave
analysis is determined by a sensor in the radial artery, estimating the
aortic pulse wave (63). CAVI and baPWV will be estimated with the
VaSera VS-2000 device (Fukuda Denshi Co, Ltd, Tokio, Japén)
following the manufacturer’s instructions. Only CAVI measurements
obtained for at least three consecutive heartbeats will be considered
valid (64). The baPWV will be estimated using the following equation:
baPWV =((0.5934 x height(cm) + 14.4724))/tba, where tba is the time
interval between the brachial and ankle waves (65). CAVI values will
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be divided into: normal (CAVI <8), normal-high (8 <CAVI <9) and
abnormal (CAVI >9) (64, 66).

2.3.5 Vascular aging

Vascular aging will be assessed using cfPWYV, baPWV or vascular
age, estimated by the VaSera VS-2000 device (Fukuda Denshi Co, Ltd,
Tokio, Japon) as measures of stiffness. Firstly, subjects with vascular
injury (carotid artery injury or peripheral artery disease) will
be classified as EVA. In a second step, VAS is defined if the cfPWV or
baPWYV values are higher than the 90th percentile (p); EVN if they are
between p10 and p90 and EVS if the values are below p10 (67, 68).

2.3.6 Lifestyles

2.3.6.1 Diet quality

The quality of the diet will be assessed with the validated 14-item
Mediterranean Diet Adherence Screener questionnaire (MEDAS) (69)
developed by the PREDIMED project: it sets out 14 items. Adherence
to the Mediterranean diet is considered if the total score is >9 points.

2.3.6.2 Physical activity and sedentary lifestyle

Physical activity will be assessed objectively for 7 days with the
ActiGraph-GT3X accelerometer (ActiGraph, Shalimar, FL), validated
(70). The measurement includes daily step count, time and intensity
of physical activity, and sedentary time in minutes per week for seven
consecutive days. The intensity of physical activity (low, moderate or
high) will be determined according to the cut-off points proposed by
Freedson et al. (71). Intensity will also be measured subjectively with
the International Physical Activity Questionnaire-Short Form (IPAQ-
SF) (72). Sedentary behavior will be assessed with the Marshall Sitting
Questionnaire (MSQ): it assesses daily sitting time in different
activities: traveling or commuting, work/class, watching T'V, using the
computer at home and during leisure time (73).

2.3.7 Sleep quality and quantity

Pittsburgh Sleep Quality Index (PSQI): assesses sleep quality and
sleep disturbances over a one-month interval. Nineteen individual
items generate seven “component” scores: subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep disturbances,
sleep medication use and daytime dysfunction. The sum of the scores
of these seven components results in an overall score. The cut-off point
is 5, such that scores less than or equal to indicate good sleep quality,
while higher values indicate poor sleep quality (74). The Ford Insomnia
Response to Stress Test questionnaire to assess insomnia as a response
to stress: it consists of nine questions about situations that can cause
stress in the person and make it difficult to fall asleep (75).

2.3.8 Target organ injury

2.3.8.1 Kidney injury

The CKD-EPI formula: will be assessed with plasma creatinine,
glomerular filtration rate estimated with the CKD-EPI formula (76),
following the criteria of the ESC/ESH arterial hypertension
management guidelines (39).

2.3.8.2 Cardiac injury
Cardiac lesion will be assessed with a General electric 5,000®
digital ECG that automatically determines the voltage and wave
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duration, and estimates Cornell-Lyon and Cornell criteria to assess left
ventricular hypertrophy (LVH) (39).

2.3.8.3 Cognitive assessment

The Montreal Cognitive Assessment (MoCA), a dementia screening
tool validated in Spain (77) will be performed. Of the total possible
score is 30 points; a score of 26 or more is considered normal.

2.3.8.4 Analytical tests

Venous blood samples and urine samples will be taken between
08:00 and 09:00, with participants fasting, without smoking, drinking
alcohol or caffeinated beverages, for the previous 12h. On inclusion,
an analysis will be performed to determine baseline blood glucose,
urea, uric acid, creatinine, glomerular filtration rate estimated with the
CKD-EPI equation, ionogram, thyroid function, lipid profile, blood
count, liver profile, vitamin D and albumin-creatinine index. Samples
will be taken in the APISAL Research Unit and sent by preferential
internal delivery to the Clinical Analysis Service of the University
Healthcare Complex of Salamanca in collaboration with the
Biochemistry and Immunochemistry Section of the University
Hospital of Salamanca. The samples will be coded and the laboratory
techniques will be standardized.

2.4 Procedures

The investigators will phone potential candidates to participate in
the study, explaining the purpose of the study. Those who agree to
participate will be scheduled for an in-person visit, where they will
be informed about the study and invited to sign the consent form. A
fasting blood test will be performed at the same visit, as well as the rest
of the test. Sociodemographic data, personal and family health history,
smoking status, alcohol and drugs use, physical activity, sedentary
time, Mediterranean diet, and cognitive evaluation will be collected.
A clinical evaluation will be performed by recording blood pressure,
height, weight, waist and hip circumference, body composition and
vascular assessment tests. Finally, the accelerometer will be placed on
the waist for 7 days and self-administered questionnaires will be given.
The second visit will be arranged 8 days later for the return of both.

A report on the tests performed and the results of the analysis will
be given to all participants. If any of the tests or questionnaires show
altered results, patients will be referred to their family physician for
follow-up, treatment or referral to the second level of care if necessary.

2.5 Statistical analysis

Data will be recorded using the REDCap platform (Research
Electronic Data Capture) (78, 79) with a previously designed
questionnaire. The normal distribution of the variables will be verified
with the Kolmogorov-Smirnov test. Differences in means between
variables in two categories will be carried out using a Student’s ¢-test or a
Mann-Whitney U-test, as appropriate, while qualitative variables will
be analyzed using an X* test. To analyze the relationship between
qualitative variables of more than two categories and quantitative
variables, an analysis of variance will be used and in the post hoc analysis
the LSD will be used. The Kruskal-Wallis test will be used in cases where
the variables are not normally distributed. Analysis of covariance
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(ANCOVA) will be performed to adjust for variables that may affect the
results as confounding factors. The relationship of the quantitative
variables with each other will be tested using the Pearson or Spearman
correlation, as appropriate. To analyze the relationship of the different
addictions with obesity, physical activity, sedentary lifestyle and arterial
stiffness, a multiple regression analysis will be performed. Logistic
regression will be used to assess the association between having or not
having addictions with obesity, physical activity, sedentary lifestyle and
vascular aging, adjusted for possible confounding variables. Data will
be analyzed using the statistical package SPSS Windows version 26.0.
(IBM, Armonk, New York: IBM Corp.). A p <0.05 will be considered
statistically significant and in the case of multiple comparisons the
Bonferroni correction will be done. The statisticians/researchers
performing the different analyses will be blinded to the patient’s clinical
data. All variables will be analyzed disaggregated by sex, and where
appropriate, differences will be analyzed from a gender perspective, as
the influence of gender on numerous pathologies, particularly
cardiovascular and cerebrovascular diseases, is well known.

3 Discussion

Behavioral and substance addictions have become progressively
more prevalent (3), while in parallel, accelerated vascular aging has
also occurred. Thus, finding relationships between behavioral and
substance addictions with vascular stiffness and aging, as well as with
sleep, physical activity, and cognitive impairment may shed light on
this field in order to design future interventions for young adults.

Behavioral addictions, such as gambling, internet and cell phone
use, and video games, are rising among young adults (1). They are
associated with unhealthy lifestyles and increase health problems such
as eye strain, tiredness, headaches and obesity, disrupt sleep quantity
and quality, and cause withdrawal symptoms (anger and irritability)
and even substance abuse due to compulsive disorder, leading to
mental health problems (4, 5). Thus, the increased use of smartphones
is closely linked to low self-esteem and the need for self-control, which
is why adolescents seek support on social networks as a stress coping
mechanism to alleviate depression and anxiety (80). The time spent
on screens has risen progressively, as has the prevalence of gaming
disorder, in parallel with the increase in substance use (81, 82). These
facts mean more sedentary time and, therefore, less physical activity
(83), greater obesity (19, 84), worse sleep quality and quantity (85), all
of which are risk factors for accelerated vascular aging.

Meanwhile, substance addictions are linked to lifestyle in various
ways. Thus, lifestyles can influence the development of a substance
addiction, and in turn, addiction can affect and modify lifestyles. One
study has shown how participants with unhealthy lifestyles were
associated with substance use (86). Moreover, some substances, such
as alcohol, are a risk factor for obesity (87). Substance addictions,
especially those that affect the cardiovascular system, have a significant
impact on vascular aging. Using cocaine or amphetamines increases
blood pressure and in turn can accelerate vascular aging (88). Smoking
also accelerates vascular aging (68). Excessive and chronic alcohol use
contributes to premature aging of blood vessels (89) and many
substances, including some illicit substances, can generate oxidative
stress and an inflammatory response in the cardiovascular system,
increasing vascular aging (90). In summary, substance addictions can
increase the risk of developing cardiovascular diseases such as
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hypertension, coronary heart disease and stroke, diseases which are
related to vascular aging and can accelerate the deterioration of blood
vessels. Finally, it must not be forgotten that polydrug use increases
risks, heightening the effects of some substances on others, reinforcing
addiction, interfering with diagnosis, making treatment difficult and
increasing mental illnesses (10).

In conclusion, all of the above makes it necessary to carry out
studies which relate the presence of addictions, both behavioral and
substance, to the increase in obesity and sedentary lifestyle, reduced
physical activity, sleep patterns, and accelerated vascular aging. The
results of this project will allow us to better understand the situation
regarding behavioral and substance addictions in young adults in the
urban health area of Salamanca. In addition, it will analyze how
addictions are linked to lifestyles, arterial stiffness and vascular aging,
being to the best of our knowledge the first study to analyze the
relationship between addictions and vascular aging in a sample of
young adults, as well as the effects they have on obesity and lifestyles.
The evidence generated will thus allow the development of preventive/
therapeutic strategies to modify lifestyle from an early age and thus
contribute to healthy vascular aging. All of this will allow us to learn
which participant profiles are at highest risk of accelerated vascular
aging so that this can be transferred to clinical practice. This can
contribute to the development of personalized medicine, adapting
preventive/therapeutic interventions to each user, thus generating an
individual approach, based on the specific characteristics of
each person.

The main limitations of the study are: firstly, since it is a random
sample collected in the urban area of Salamanca, the data cannot
be extrapolated to the rural population. Secondly, causality cannot
be assumed as it is a cross-sectional study, but associations can
be analyzed and hypotheses generated for future prospective
etiological studies with a larger sample of subjects. On the other hand,
this project also has strengths in that it is the first that attempts to link
addictions to lifestyle and accelerated vascular aging in a young adult
population, and its results will allow evidence to be generated for the
design of preventive interventions in this age range.

4 Brief summary

Behavioral and substance addictions affect a significant percentage
of the population between the ages of 18-34. Likewise, obesity and
unhealthy lifestyles such as decreasing physical activity and increasing
sedentary time, mostly spent in front of screens, plus a rise in the
consumption of processed foods, are increasing in this population
group. These factors are related to disturbed sleep quantity and quality,
increased obesity, and may be related to arterial stiffness and early
vascular aging.

For the above reasons, we propose this study with the main
objective of analyzing the association of addictions with obesity and
the distribution of body fat, physical activity, sedentary time, arterial
stiffness and vascular aging, sleep quality and cognitive function, and
gender differences in young adults aged between 18 and 34. Studying
all these variables assessed with validated questionnaires or validated
objective examinations or tests will allow us to identify people with a
higher risk of presenting behavioral addictions or substance
addictions. A deeper knowledge of all these health problems and the
relationship between them can facilitate the development of
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personalized medicine, adapting preventive/therapeutic interventions
with an individual approach and early and appropriate clinical support.

5 Ethics and dissemination

5.1 Ethical approval and consent for
participation

The study was approved by the Committee of ethics of research
with medicines of the health area of Salamanca on 7/10/2021 (CEIm
reference code Ref. PI 2021 088671048), and 24/07/2023 (CEIm
reference code Ref. PI 2023 071332). Before the start of the study, all
participants will sign the informed consent (Supplementary material 2).
During the development of the study, the standards of the Declaration
of Helsinki (91) and the WHO guidelines for observational studies
will be followed. Subjects will be informed of the objectives of the
project and the risks and benefits of the explorations to be carried out.
The study does not contemplate any intervention entailing a risk
greater than the minimum involved in carrying out the different tests.
All information generated in this study will be stored, encrypted and
used exclusively for the purposes specified here. Both the samples and
the data collected will be associated with a code and stored under
appropriate security conditions, and participants are guaranteed that
they cannot be identified through means considered reasonable by
persons other than those authorized. The confidentiality of the
participants included will be guaranteed at all times in accordance
with the provisions of Organic Law 3/2018, December 5, regarding the
Protection of Personal Data and guarantee of digital rights and
Regulation (EU) 2016/679 of the European Parliament and of the Data
Protection Council of April 27,2016 (GDPR).

The participants will not receive any compensation for the visit
completion. They will receive a report of tests performed on the state
of their health status.

5.2 Dissemination plan

The data will be available to the members of the research group,
who will be mainly responsible for dissemination. In addition, the
variables used in each manuscript will be available to the entire
scientific community through the Gredos scientific repository of
Salamanca University. The results of the study will be published in
peer-reviewed open access scientific journals, to be complemented by
the presentation of the study results at national and international
scientific conferences. Likewise, suitable dissemination will be carried
out through social networks, information days for citizens, in other
media and directly to those participating in the study. Current and
future knowledge of the relationship between addictions and lifestyle,
and how this relationship affects accelerated vascular aging in young
adults will be transferred to clinical practice.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1322437
https://www.frontiersin.org

Vicente-Gabriel et al.

Ethics statement

The studies involving humans were approved by The Ethics
Committee for Research with Medicines of the Salamanca Health
Area. The studies were conducted in accordance with the local
legislation and institutional requirements. The participants provided
their written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data included in
this article.

Author contributions

SV-G: Writing - original draft. CL-S: Writing — original draft.
OT-M: Writing - review & editing. AV: Writing - review & editing.
SG-S: Writing - review & editing. SC: Writing - review & editing.
MG-S: Writing - review & editing. ER-S: Writing - review & editing.
LG-O: Writing - review & editing. LG-S: Supervision, Writing -
review & editing. MG-M: Supervision, Writing — review & editing.
EVA-Adic Investigators Group: Investigation, Writing — review &
editing.

EVA-Adic Investigators Group

The members of the EVA-Adic Group are: Manuel A. Gomez-
Marcos, Luis Garcia-Ortiz, Emiliano Rodriguez-Sanchez, Cristina
Lugones-Sanchez, Olaya Tamayo-Morales, Susana Gonzalez-Sanchez,
Leticia GOmez-Sanchez, Sara M. Vicente-Gabriel, Alberto Vicente-
Prieto, Sandra Conde-Martin, Marta Gdmez-Sanchez, Elena Navarro-
Matias, Carmen Patino-Alonso, José A. Maderuelo-Ferndndez, Angela
de Cabo-Laso, Benigna Sanchez-Salgado, and Laura Fernandez-Matas.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study

References

1. Ministerio DE, Sanidad C. Observatorio Espariol de las Drogas y las adicciones:
Informe sobre Trastornos Comportamentales 2022: Juego con dinero, uso de videojuegos y
uso compulsivo de internet en las encuestas de drogas y otras adicciones en Espafia
EDADES y ESTUDES. Madrid: Ministerio de Sanidad. Delegacion del Gobierno para el
Plan Nacional sobre Drogas (2022).

2. Brime B, Llorens N, Méndez F, Molina M, Sanchez E. Informe sobre adicciones
comportamentales: juego con dinero, uso de videojuegos y uso compulsivo de internet en las
encuestas de drogas y otras adicciones en Espasia (EDADES y Estudes). Madrid: Ministerio
de Sanidad. Delegacién del Gobierno para el Plan Nacional sobre Drogas (2019).

3. Derevensky JL, Hayman V, Lynette Gilbeau . Behavioral addictions: excessive
gambling, gaming, internet, and smartphone use among children and adolescents.
Pediatr Clin N Am. (2019) 66:1163-82. doi: 10.1016/j.pcl.2019.08.008

4. Marmet S, Wicki M, Dupuis M, Baggio S, Dufour M, Gatineau C, et al.
Associations of binge gaming (5 or more consecutive hours played) with gaming
disorder and mental health in young men. J Behav Addict. (2023) 12:295-301. doi:
10.1556/2006.2022.00086

5. Adamczewska-Chmiel K, Dudzic K, Chmiela T, Gorzkowska A. Smartphones, the
epidemic of the 21st century: a possible source of addictions and neuropsychiatric
consequences. Int ] Environ Res Public Health. (2022) 19:5152. doi: 10.3390/ijerph19095152

Frontiers in Public Health

10.3389/fpubh.2024.1322437

has been funded by the Spanish Ministry of Science and Innovation,
Instituto de Salud Carlos IIT (ISCIII) (RD21/0016/0010), Network
for Research on Chronicity, Primary Care, and Health Promotion
(RICAPPS) was funded by the European Union-Next Generation
EU, Facility for Recovery and Resilience (MRR). Government of
Castilla y Leon (GRS 2500/B/22) and the Institute for Biomedical
Research of Salamanca (IBSAL) (IBYE22/00003) also collaborated
with the funding of this study through the research projects. The
funding entities had no role in the study design, data analysis,
reporting of results, or the decision to submit the manuscript
for publication.

Acknowledgments

We wish to thank the patient advisers who will collaborate with
the study investigators.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1322437/
full#supplementary-material

6. Kirdly O, Potenza MN, Stein DJ, King DL, Hodgins DC, Saunders JB, et al.
Preventing problematic internet use during the COVID-19 pandemic: consensus
guidance. Compr Psychiatry. (2020) 100:152180. doi: 10.1016/j.comppsych.2020.152180

7. Avena NM, Simkus J, Lewandowski A, Gold MS, Potenza MN. Substance use
disorders and Behavioral addictions during the COVID-19 pandemic and COVID-19-
related restrictions. Front Psych. (2021) 12:653674. doi: 10.3389/fpsyt.2021.653674

8. Ballesta R, Bilbao I, Seijo PM, Alonso C, Camacho JJ, Pedro CD, et al. INFORME
2020 Alcohol, tabaco y drogas ilegales en Espafia. Madrid: Ministerio de Sanidad
Secretaria General de Sanidad (2020).

9. Observatorio Europeo de las Drogas y las Toxicomanias. Informe Europeo sobre
Drogas: Tendencias y novedades, vol. 2021. In Luxemburgo: Oficina de Publicaciones de
la Unién Europea (2021).

10. Ballesta R, Millan A, Tena M, Fornovi L, Alonso C, Pedro CD, et al. Encuesta sobre
alcohol y otras drogas en Espana, EDADES 2019/20. Ministerio de Sanidad Delegacion
del Gobierno para el Plan Nacional sobre Drogas: Madrid (2021).

11. Ministerio de Sanidad SSel: Estrategia Nacional de Adicciones 2017-2024. Madrid:
Secretaria General Técnica Centro de Publicaciones Delegacion del Gobierno para el
Plan Nacional sobre Drogas (2018).

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1322437
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1322437/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1322437/full#supplementary-material
https://doi.org/10.1016/j.pcl.2019.08.008
https://doi.org/10.1556/2006.2022.00086
https://doi.org/10.3390/ijerph19095152
https://doi.org/10.1016/j.comppsych.2020.152180
https://doi.org/10.3389/fpsyt.2021.653674

Vicente-Gabriel et al.

12. Tristan C, Brime B, Llorens N, Garcia N, Ledn L, Lopez M, et al. Informe sobre
adicciones comportamentales 2020. Juego con dinero, uso de videojuegos y uso compulsivo
de internet en las encuestas de drogas y otras adicciones en Esparia (EDADES y Estudes).
Ministerio de Sanidad, Delegacion del Gobierno para el Plan Nacional Sobre Drogas:
Madrid (2020).

13. Daigre C, Grau-Lopez L, Palma-Alvarez RF, Perea-Ortueta M, Sorribes-Puertas
M, Serrano-Pérez P, et al. A Multicenter study on the impact of gender, age, and dual
diagnosis on substance consumption and mental health status in outpatients treated for
substance use disorders during COVID-19 lockdown. ] Dual Diagn. (2022) 18:71-80.
doi: 10.1080/15504263.2022.2051110

14. Avgerinos KI, Spyrou N, Mantzoros CS, Dalamaga M. Obesity and cancer risk:
emerging biological mechanisms and perspectives. Metabolism. (2019) 92:121-35. doi:
10.1016/j.metabol.2018.11.001

15.Zhou R, Li E, Chen G, Fu Q, Gu S, Wu X. Associations between general and
abdominal obesity and incident diabetic neuropathy in participants with type 2 diabetes
mellitus. J Diabetes. (2021) 13:33-42. doi: 10.1111/1753-0407.13075

16. di Angelantonio E, Bhupathiraju SN, Wormser D, Gao P, Kaptoge S, de Gonzalez
AB, et al. Body-mass index and all-cause mortality: individual-participant-data meta-
analysis of 239 prospective studies in four continents. Lancet. (2016) 388:776-86. doi:
10.1016/S0140-6736(16)30175-1

17. Aranceta-Bartrina ], Pérez-Rodrigo C, Alberdi-Aresti G, Ramos-Carrera N,
Lazaro-Masedo S. Prevalence of general obesity and abdominal obesity in the Spanish
adult population (aged 25-64 years) 2014-2015: the ENPE study. Rev Esp Cardiol. (2016)
69:579-87. doi: 10.1016/j.recesp.2016.02.010

18. Herndez A, Zomefio MD, Dégano IR, Pérez-Fernédndez S, Goday A, Vila , et al. Excess
weight in Spain: current situation, projections for 2030, and estimated direct extra cost for
the Spanish health system. Rev Esp Cardiol. (2019) 72:916-24. doi: 10.1016/j.rec.2018.10.010

19. Ochoa-Brezmes ], Ruiz-Hernandez A, Blanco-Ocampo D, Garcia-Lara GM,
Garach-Gomez A. Mobile phone use, sleep disorders and obesity in a social exclusion
zone. An Pediatr. (2023) 98:344-52. doi: 10.1016/j.anpede.2022.12.004

20. Cartanya-Hueso A, Lid(’)n—Moyano C, Martin-Sadnchez JC, Gonzalez-Marrén A,
Pérez-Martin H, Martinez-Sédnchez JM. Association between recreational screen time
and excess weight and obesity assessed with three sets of criteria in Spanish residents
aged 2-14 years. An Pediatr. (2022) 97:333-41. doi: 10.1016/j.anpede.2021.09.004

21. Farris SG, Abrantes AM. Mental health benefits from lifestyle physical activity
interventions: a systematic review. Bull Menn Clin. (2020) 84:337-72. doi: 10.1521/
bumc.2020.84.4.337

22.Nocon M, Hiemann T, Miiller-Riemenschneider E Thalau E Roll S, Willich SN.
Association of physical activity with all-cause and cardiovascular mortality: a systematic
review and meta-analysis. Eur ] Cardiovasc Prev Rehabil. (2008) 15:239-46. doi: 10.1097/
HJR.0b013e3282f55e09

23. Manferdelli G, La Torre A, Codella R. Outdoor physical activity bears multiple
benefits to health and society. J Sports Med Phys Fitness. (2019) 59:868-79. doi: 10.23736/
50022-4707.18.08771-6

24. Fiizéki E, Engeroft T, Banzer W. Health benefits of light-intensity physical activity:
a systematic review of accelerometer data of the National Health and nutrition
examination survey (NHANES). Sports Med. (2017) 47:1769-93. doi: 10.1007/
540279-017-0724-0

25. Lindsay T, Westgate K, Wijndaele K, Hollidge S, Kerrison N, Forouhi N, et al.
Descriptive epidemiology of physical activity energy expenditure in UK adults (the
fenland study). Int ] Behav Nutr Phys Act. (2019) 16:126. doi: 10.1186/s12966-019-0882-6

26. Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting time and mortality
from all causes, cardiovascular disease, and cancer. Med Sci Sports Exerc. (2009)
41:998-1005. doi: 10.1249/MSS.0b013e3181930355

27. Panahi S, Tremblay A. Sedentariness and health: is sedentary behavior more than
just physical inactivity? Front Public Health. (2018) 6:258. doi: 10.3389/fpubh.2018.00258

28. Ruiz JR, Castro-Pifiero ], Artero EG, Ortega FB, Sjostrom M, Suni ], et al.
Predictive validity of health-related fitness in youth: a systematic review. Br J Sports Med.
(2009) 43:909-23. doi: 10.1136/bjsm.2008.056499

29. Janssen I, LeBlanc AG. Systematic review of the health benefits of physical activity
and fitness in school-aged children and youth. Int ] Behav Nutr Phys Act. (2010) 7:40.
doi: 10.1186/1479-5868-7-40

30. Steene-Johannessen ], Hansen BH, Dalene KE, Kolle E, Northstone K, Maller NC,
et al. Variations in accelerometry measured physical activity and sedentary time across
Europe - harmonized analyses of 47,497 children and adolescents. Int ] Behav Nutr Phys
Act. (2020) 17:38. doi: 10.1186/s12966-020-00930-x

31. Castro O, Bennie J, Vergeer I, Bosselut G, Biddle STH. How sedentary are university
students? A systematic review and meta-analysis. Prev Sci. (2020) 21:332-43. doi:
10.1007/s11121-020-01093-8

32. Fennell C, Barkley JE, Lepp A. The relationship between cell phone use, physical
activity, and sedentary behavior in adults aged 18-80. Comput Hum Behav. (2019)
90:53-9. doi: 10.1016/j.chb.2018.08.044

33. Kerrigan DJ, Rukstalis MR, Ehrman JK, Keteyian SJ, She R, Alexander GL. 5-2-1-0
lifestyle risk factors predict obesity in millennials. Clin Obes. (2019) 9:¢12306. doi:
10.1111/cob.12306

Frontiers in Public Health

10.3389/fpubh.2024.1322437

34. Visseren FL], Mach F, Smulders YM, Carballo D, Koskinas KC, Bick M, et al. 2021
ESC guidelines on cardiovascular disease prevention in clinical practice. Eur Heart J.
(2021) 42:3227-337. doi: 10.1093/eurheartj/ehab484

35. Matsushita K, Ding N, Kim ED, Budoff M, Chirinos JA, Fernhall B, et al. Cardio-
ankle vascular index and cardiovascular disease: systematic review and meta-analysis of
prospective and cross-sectional studies. J Clin Hypertens. (2019) 21:16-24. doi: 10.1111/
jch.13425

36. Zhong Q, Hu M-], Cui Y-J, Liang L, Zhou M-M, Yang Y-W, et al. Carotid-femoral
pulse wave velocity in the prediction of cardiovascular events and mortality: an updated
systematic review and meta-analysis. Angiology. (2018) 69:617-29. doi: 10.1177/
0003319717742544

37. Laurent S, Boutouyrie P, Cunha PG, Lacolley P, Nilsson PM. Concept of extremes
in vascular aging. Hypertension. (2019) 74:218-28. doi: 10.1161/HYPERTENSIONA
HA.119.12655

38. Nowak KL, Rossman MJ, Chonchol M, Seals DR. Strategies for achieving healthy
vascular aging. Hypertension. (2018) 71:389-402. doi: 10.1161/HYPERTENSIONA
HA.117.10439

39. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. 2018
ESC/ESH guidelines for the management of arterial hypertension: the task force for the
management of arterial hypertension of the European Society of Cardiology and the
European Society of Hypertension: the task force for the management of arterial
hypertension of the European Society of Cardiology and the European Society of
Hypertension. ] Hypertens. (2018) 36:1953-2041. doi: 10.1097/HJH.0000000000001940

40. Gomez-Marcos MA, Martinez-Salgado C, Gonzalez-Sarmiento R, Hernandez-
Rivas JM, Sanchez-Fernandez PL, Recio-Rodriguez JI, et al. Association between
different risk factors and vascular accelerated ageing (EVA study): study protocol for a
cross-sectional, descriptive observational study. BMJ Open. (2016) 6:¢011031. doi:
10.1136/bmjopen-2016-011031

41. Cunha PG, Boutouyrie P, Nilsson PM, Laurent S. Early vascular ageing (EVA):
definitions and clinical applicability. Curr Hypertens Rev. (2017) 13:8-15. doi: 10.217
4/1573402113666170413094319

42. Maloberti A, Vallerio P, Triglione N, Occhi L, Panzeri F, Bassi I, et al. Vascular
aging and disease of the large vessels: role of inflammation. High Blood Press Cardiovasc
Prev. (2019) 26:175-82. doi: 10.1007/540292-019-00318-4

43. Matsubayashi H, Nagai M, Dote K, Turana Y, Siddique S, Chia Y, et al. Long sleep
duration and cardiovascular disease: associations with arterial stiffness and blood
pressure variability. ] Clin Hypertens. (2020) 23:496-503. doi: 10.1111/jch.14163

44. Dressle R], Feige B, Spiegelhalder K, Schmucker C, Benz E, Mey NC, et al. HPA
axis activity in patients with chronic insomnia: a systematic review and meta-analysis
of case-control studies. Sleep Med Rev. (2022) 62:101588. doi: 10.1016/j.
smrv.2022.101588

45. Zhang SX, Chen RZ, Xu W, Yin A, Dong RK, Chen BZ, et al. A systematic review
and meta-analysis of symptoms of anxiety, depression, and insomnia in Spain in the
COVID-19 crisis. Int ] Environ Res Public Health. (2022) 19:1018. doi: 10.3390/
ijerph19021018

46. Cénat JM, Farahi SMMM, Dalexis RD, Darius WP, Bekarkhanechi FM, Poisson H,
et al. The global evolution of mental health problems during the COVID-19 pandemic:
a systematic review and meta-analysis of longitudinal studies. J Affect Disord. (2022)
315:70-95. doi: 10.1016/j.jad.2022.07.011

47. Demirci K, Akgoniil M, Akpinar A. Relationship of smartphone use severity with
sleep quality, depression, and anxiety in university students. ] Behav Addict. (2015)
4:85-92. doi: 10.1556/2006.4.2015.010

48. Brailovskaia J, Rohmann E, Bierhoff H-W, Margraf ], Kéllner V. Relationships
between addictive Facebook use, depressiveness, insomnia, and positive mental health
in an inpatient sample: a German longitudinal study. ] Behav Addict. (2019) 8:703-13.
doi: 10.1556/2006.8.2019.63

49. Fatseas M, Kervran C, Auriacombe M. Sleep disorders and addictions: impact on
quality of life and relapse vulnerability. Presse Med. (2016) 45:1164-9. doi: 10.1016/j.
1pm.2016.01.022

50. Ferndndez-Montalvo J, Echeburta E, Baez C. El Cuestionario Breve de Juego
Patoldgico (CBJP): un nuevo instrumento de “screening”. And Modific Cond. (1995)
21:211-23.

51. Johnson EE, Hamer R, Nora RM, Tan B, Eisenstein N, Engelhart C. The lie/bet
questionnaire for screening pathological gamblers. Psychol Rep. (1997) 80:83-8. doi:
10.2466/pr0.1997.80.1.83

52. Meerkerk G-J, Van Den Eijnden RJJM, Vermulst AA, Garretsen HFL. The
compulsive internet use scale (CIUS): some psychometric properties. Cyberpsychol
Behav. (2009) 12:1-6. doi: 10.1089/cpb.2008.0181

53. Garcia-Domingo M, Fuentes V, Pérez-Padilla J, Aranda M. EDAS-18: Validacién
de la version corta de la escala de dependencia y adiccion al smartphone. Terap Psicol.
(2020) 38:339-61. doi: 10.4067/50718-48082020000300339

54. Aranda Lopez M, Fuentes Gutiérrez V, Garcia-Domingo M. “No sin mi
Smartphone”: Elaboracion y validacion de la Escala de Dependencia y Adiccion al
Smartphone (EDAS). Terap Psicol. (2017) 35:35-45. doi: 10.4067/S0718-
48082017000100004

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1322437
https://www.frontiersin.org
https://doi.org/10.1080/15504263.2022.2051110
https://doi.org/10.1016/j.metabol.2018.11.001
https://doi.org/10.1111/1753-0407.13075
https://doi.org/10.1016/S0140-6736(16)30175-1
https://doi.org/10.1016/j.recesp.2016.02.010
https://doi.org/10.1016/j.rec.2018.10.010
https://doi.org/10.1016/j.anpede.2022.12.004
https://doi.org/10.1016/j.anpede.2021.09.004
https://doi.org/10.1521/bumc.2020.84.4.337
https://doi.org/10.1521/bumc.2020.84.4.337
https://doi.org/10.1097/HJR.0b013e3282f55e09
https://doi.org/10.1097/HJR.0b013e3282f55e09
https://doi.org/10.23736/S0022-4707.18.08771-6
https://doi.org/10.23736/S0022-4707.18.08771-6
https://doi.org/10.1007/s40279-017-0724-0
https://doi.org/10.1007/s40279-017-0724-0
https://doi.org/10.1186/s12966-019-0882-6
https://doi.org/10.1249/MSS.0b013e3181930355
https://doi.org/10.3389/fpubh.2018.00258
https://doi.org/10.1136/bjsm.2008.056499
https://doi.org/10.1186/1479-5868-7-40
https://doi.org/10.1186/s12966-020-00930-x
https://doi.org/10.1007/s11121-020-01093-8
https://doi.org/10.1016/j.chb.2018.08.044
https://doi.org/10.1111/cob.12306
https://doi.org/10.1093/eurheartj/ehab484
https://doi.org/10.1111/jch.13425
https://doi.org/10.1111/jch.13425
https://doi.org/10.1177/0003319717742544
https://doi.org/10.1177/0003319717742544
https://doi.org/10.1161/HYPERTENSIONAHA.119.12655
https://doi.org/10.1161/HYPERTENSIONAHA.119.12655
https://doi.org/10.1161/HYPERTENSIONAHA.117.10439
https://doi.org/10.1161/HYPERTENSIONAHA.117.10439
https://doi.org/10.1097/HJH.0000000000001940
https://doi.org/10.1136/bmjopen-2016-011031
https://doi.org/10.2174/1573402113666170413094319
https://doi.org/10.2174/1573402113666170413094319
https://doi.org/10.1007/s40292-019-00318-4
https://doi.org/10.1111/jch.14163
https://doi.org/10.1016/j.smrv.2022.101588
https://doi.org/10.1016/j.smrv.2022.101588
https://doi.org/10.3390/ijerph19021018
https://doi.org/10.3390/ijerph19021018
https://doi.org/10.1016/j.jad.2022.07.011
https://doi.org/10.1556/2006.4.2015.010
https://doi.org/10.1556/2006.8.2019.63
https://doi.org/10.1016/j.lpm.2016.01.022
https://doi.org/10.1016/j.lpm.2016.01.022
https://doi.org/10.2466/pr0.1997.80.1.83
https://doi.org/10.1089/cpb.2008.0181
https://doi.org/10.4067/S0718-48082020000300339
https://doi.org/10.4067/S0718-48082017000100004
https://doi.org/10.4067/S0718-48082017000100004

Vicente-Gabriel et al.

55. Chamarro A, Carbonell X, Manresa JM, Munoz-Miralles R, Ortega-Gonzalez R,
Lopez-Morron MR, et al. El Cuestionario de Experiencias Relacionadas con los
Videojuegos (CERV): Un instrumento para detectar el uso problematico de videojuegos
en adolescentes espafioles. Adicciones. (2014) 26:303-11. doi: 10.20882/adicciones.31

56. WHO ASSIST Working Group. The alcohol, smoking and substance involvement
screening test (ASSIST): development, reliability and feasibility. Addiction. (2002)
97:1183-94. doi: 10.1046/j.1360-0443.2002.00185.x

57. Rubio Valladolid G, Martinez-Raga ], Martinez-Gras 1. Validation of the Spanish
version of the alcohol, smoking and substance involvement screening test (ASSIST).
Psicothema. (2014) 26:180-5. doi: 10.7334/psicothema2013.172

58. Pérez Galvez B, Fernandez LG, Manzanaro MP, de V, Valenzuela MAO, Lafuente
ML. Spanish Validation of the Drug Abuse Screening Test (DAST-20 y DAST-10) /
Validacién espaiola del Drug Abuse Screening Test (DAST-20 y DAST-10). HAAJ.
(2010) 10. doi: 10.21134/haaj.v10i1.35

59. Alvarez Montero S, Gallego Casado P, Latorre de la Cruz C, Bermejo Fernandez F.
Papel del test AUDIT (Alcohol Use Disorders Identification Test) para la deteccion de
consumo excesivo de alcohol. Medifam. (2001) 11:83-7. doi: 10.4321/S1131-
57682001000900006

60. Sanidad Md: Limites de Consumo de Bajo Riesgo de Alcohol. Actualizacion del
Riesgo Relacionado con los Niveles de Consumo de Alcohol, el Patrén de Consumo y el Tipo
de Bebida. Ministerio de Sanidad Madrid: Spain (2020) Available at: https://www.
sanidad.gob.es/areas/promocionPrevencion/alcohol/documentosTecnicos/
limiteConsumoBajoRiesgo.htm (Accessed October 9, 2023).

61. WHO MONICA Project Principal Investigators. The World Health Organization
Monica project (monitoring trends and determinants in cardiovascular disease): a major
international  collaboration. J Clin  Epidemiol. (1988) 41:105-14. doi:
10.1016/0895-4356(88)90084-4

62.de Meneses-Gaya IC, Zuardi AW, Loureiro SR, Crippa JAS. Psychometric
properties of the Fagerstrom test for nicotine dependence. J Bras Pneumol. (2009)
35:73-82. doi: 10.1590/51806-37132009000100011

63. Reference Values for Arterial Stiffness’ Collaboration. Determinants of pulse wave
velocity in healthy people and in the presence of cardiovascular risk factors: 'establishing
normal and reference values'. Eur Heart J. (2010) 31:2338-50. doi: 10.1093/eurheartj/
ehq165

64. Shirai K, Hiruta N, Song M, Kurosu T, Suzuki ], Tomaru T, et al. Cardio-ankle
vascular index (CAVI) as a novel indicator of arterial stiffness: theory, evidence and
perspectives. ] Atheroscler Thromb. (2011) 18:924-38. doi: 10.5551/jat.7716

65. Yamashina A, Tomiyama H, Takeda K, Tsuda H, Arai T, Hirose K, et al.
Validity, reproducibility, and clinical significance of noninvasive brachial-ankle
pulse wave velocity measurement. Hypertens Res. (2002) 25:359-64. doi: 10.1291/
hypres.25.359

66. Kawai T, Ohishi M, Onishi M, Ito N, Takeya Y, Maekawa Y, et al. Cut-off value
of brachial-ankle pulse wave velocity to predict cardiovascular disease in hypertensive
patients: a cohort study. J Atheroscler Thromb. (2013) 20:391-400. doi: 10.5551/
jat.15040

67. Gomez-Sanchez M, Gomez-Sanchez L, Patino-Alonso MC, Cunha PG, Recio-
Rodriguez JI, Alonso-Dominguez R, et al. Vascular aging and its relationship with
lifestyles and other risk factors in the general Spanish population: early vascular ageing
study. ] Hypertens. (2020) 38:1110-22. doi: 10.1097/HJH.0000000000002373

68. Gomez-Sénchez M, Gémez-Sanchez L, Patino-Alonso MC, Alonso-Dominguez
R, Sanchez-Aguadero N, Recio-Rodriguez JI, et al. Relationship of healthy vascular
aging with lifestyle and metabolic syndrome in the general Spanish population. The EVA
study. Rev Esp Cardiol. (2021) 74:854-61. doi: 10.1016/j.rec.2020.06.040

69.Schroder H, Fité M, Estruch R, Martinez-Gonzalez MA, Corella D, Salas-
Salvad¢ ], et al. A short screener is valid for assessing Mediterranean diet adherence
among older Spanish men and women. J Nutr. (2011) 141:1140-5. doi: 10.3945/
n.110.135566

70. Santos-Lozano A, Santin-Medeiros F, Cardon G, Torres-Luque G, Bailén R,
Bergmeir C, et al. Actigraph GT3X: validation and determination of physical activity
intensity cut points. Int ] Sports Med. (2013) 34:975-82. doi: 10.1055/s-0033-
1337945

71. Freedson PS, Melanson E, Sirard J. Calibration of the computer science and
applications, Inc. accelerometer. Med Sci Sports Exerc. (1998) 30:777-81. doi:
10.1097/00005768-199805000-00021

Frontiers in Public Health

11

10.3389/fpubh.2024.1322437

72. Lee PH, Macfarlane DJ, Lam TH, Stewart SM. Validity of the international physical
activity questionnaire short form (IPAQ-SF): a systematic review. Int ] Behav Nutr Phys
Act. (2011) 8:115. doi: 10.1186/1479-5868-8-115

73. Marshall AL, Miller YD, Burton NW, Brown WJ. Measuring total and domain-
specific sitting: a study of reliability and validity. Med Sci Sports Exerc. (2010)
42:1094-102. doi: 10.1249/MSS.0b013e3181c5ec18

74.Royuela A, Macias JA. Propiedades clinimétricas de la versién castellana del
cuestionario de Pittsburgh. Vigilia-Suefio. (1997) 9:81-94.

75. Ferndndez-Mendoza ], Vela-Bueno A, Vgontzas AN, Ramos-Platon M]J,
Olavarrieta-Bernardino S, Bixler EO, et al. Cognitive-emotional hyperarousal as a
premorbid characteristic of individuals vulnerable to insomnia. Psychosom Med. (2010)
72:397-403. doi: 10.1097/PSY.0b013e3181d75319

76. Levey AS, Stevens LA, Schmid CH, Zhang Y, Castro AF III, Feldman HI, et al. A
new equation to estimate glomerular filtration rate. Ann Intern Med. (2009) 150:604-12.
doi: 10.7326/0003-4819-150-9-200905050-00006

77.Delgado C, Araneda A, Behrens MI. Validacion del instrumento Montreal
Cognitive Assessment en espafiol en adultos mayores de 60 afios. Neurologia. (2019)
34:376-85. doi: 10.1016/j.nr1.2017.01.013

78. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic
data capture (REDCap)--a metadata-driven methodology and workflow process for
providing translational research informatics support. ] Biomed Inform. (2009) 42:377-81.
doi: 10.1016/j.jbi.2008.08.010

79. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’'Neal L, et al. The
REDCap consortium: building an international community of software platform
partners. ] Biomed Inform. (2019) 95:103208. doi: 10.1016/j.jbi.2019.103208

80. Matar Boumosleh J, Jaalouk D. Depression, anxiety, and smartphone addiction in
university students- a cross sectional study. PLoS One. (2017) 12:¢0182239. doi: 10.1371/
journal.pone.0182239

81. Stevens MW, Dorstyn D, Delfabbro PH, King DL. Global prevalence of gaming
disorder: a systematic review and meta-analysis. Aust N Z ] Psychiatry. (2021) 55:553-68.
doi: 10.1177/0004867420962851

82.Ma A, Yang Y, Guo S, Li X, Zhang S, Chang H. The impact of adolescent resilience
on Mobile phone addiction during COVID-19 normalization and flooding in China: a
chain mediating. Front Psychol. (2022) 13:865306. doi: 10.3389/fpsyg.2022.865306

83. Cardol CK, Escamilla CI, Gebhardt WA, Perales JC. Exploring the direct or inverse
association of physical activity with behavioral addictions and other self-regulation
problems. Adicciones. (2019) 31:18-32. doi: 10.20882/adicciones.926

84. Shuvo SD, Biswas BK. The degree of association between overweight and obesity
with the use of electronic media among Bangladeshi adolescents. PLoS One. (2023)
18:€0280544. doi: 10.1371/journal.pone.0280544

85. Kao P-C. The interrelationship of loneliness, smartphone addiction, sleep quality,
and students’ attention in English as a foreign language class. Int ] Environ Res Public
Health. (2023) 20:3460. doi: 10.3390/ijerph20043460

86. Vermeulen-Smit E, Ten Have M, Van Laar M, De Graaf R. Clustering of health risk
behaviours and the relationship with mental disorders. ] Affect Disord. (2015) 171:111-9.
doi: 10.1016/j.,jad.2014.09.031

87. Traversy G, Chaput J-P. Alcohol consumption and obesity: an update. Curr Obes
Rep. (2015) 4:122-30. doi: 10.1007/s13679-014-0129-4

88. Kozor R, Grieve SM, Buchholz S, Kaye S, Darke S, Bhindi R, et al. Regular cocaine
use is associated with increased systolic blood pressure, aortic stiffness and left
ventricular mass in young otherwise healthy individuals. PLoS One. (2014) 9:¢89710.
doi: 10.1371/journal.pone.0089710

89. O’Neill D, Britton A, Brunner EJ, Bell S. Twenty-five-year alcohol consumption
trajectories and their association with arterial aging: a prospective cohort study. J
Am Heart Assoc. (2017) 6:¢005288. doi: 10.1161/JAHA.116.005288

90. Caliri AW, Tommasi S, Besaratinia A. Relationships among smoking, oxidative
stress, inflammation, macromolecular damage, and cancer. Mutat Res Rev Mutat Res.
(2021) 787:108365. doi: 10.1016/j.mrrev.2021.108365

91. World Medical Association. World medical association declaration of Helsinki:
ethical principles for medical research involving human subjects. JAMA. (2013)
310:2191-4. doi: 10.1001/jama.2013.281053

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1322437
https://www.frontiersin.org
https://doi.org/10.20882/adicciones.31
https://doi.org/10.1046/j.1360-0443.2002.00185.x
https://doi.org/10.7334/psicothema2013.172
https://doi.org/10.21134/haaj.v10i1.35
https://doi.org/10.4321/S1131-57682001000900006
https://doi.org/10.4321/S1131-57682001000900006
https://www.sanidad.gob.es/areas/promocionPrevencion/alcohol/documentosTecnicos/limiteConsumoBajoRiesgo.htm
https://www.sanidad.gob.es/areas/promocionPrevencion/alcohol/documentosTecnicos/limiteConsumoBajoRiesgo.htm
https://www.sanidad.gob.es/areas/promocionPrevencion/alcohol/documentosTecnicos/limiteConsumoBajoRiesgo.htm
https://doi.org/10.1016/0895-4356(88)90084-4
https://doi.org/10.1590/s1806-37132009000100011
https://doi.org/10.1093/eurheartj/ehq165
https://doi.org/10.1093/eurheartj/ehq165
https://doi.org/10.5551/jat.7716
https://doi.org/10.1291/hypres.25.359
https://doi.org/10.1291/hypres.25.359
https://doi.org/10.5551/jat.15040
https://doi.org/10.5551/jat.15040
https://doi.org/10.1097/HJH.0000000000002373
https://doi.org/10.1016/j.rec.2020.06.040
https://doi.org/10.3945/jn.110.135566
https://doi.org/10.3945/jn.110.135566
https://doi.org/10.1055/s-0033-1337945
https://doi.org/10.1055/s-0033-1337945
https://doi.org/10.1097/00005768-199805000-00021
https://doi.org/10.1186/1479-5868-8-115
https://doi.org/10.1249/MSS.0b013e3181c5ec18
https://doi.org/10.1097/PSY.0b013e3181d75319
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1016/j.nrl.2017.01.013
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1371/journal.pone.0182239
https://doi.org/10.1371/journal.pone.0182239
https://doi.org/10.1177/0004867420962851
https://doi.org/10.3389/fpsyg.2022.865306
https://doi.org/10.20882/adicciones.926
https://doi.org/10.1371/journal.pone.0280544
https://doi.org/10.3390/ijerph20043460
https://doi.org/10.1016/j.jad.2014.09.031
https://doi.org/10.1007/s13679-014-0129-4
https://doi.org/10.1371/journal.pone.0089710
https://doi.org/10.1161/JAHA.116.005288
https://doi.org/10.1016/j.mrrev.2021.108365
https://doi.org/10.1001/jama.2013.281053

Vicente-Gabriel et al.

Glossary

10.3389/fpubh.2024.1322437

ANOVA Analysis of variance

APISAL Primary Care Research Unit of Salamanca

AS Arterial stiffness

ASSIST ‘The Alcohol, Smoking and Substance Involvement Screening Test
AUDIT Alcohol Use Disorders Identification Test

baPWV Brachial-ankle pulse wave velocity

BMI Body Mass Index

BP Blood Pressure

CA Cardiovascular aging

CAIx Central augmentation index

CAUSA Complejo Asistencial Universitario de Salamanca
CAVI Cardio-ankle vasculat index

CBJP El Cuestionario Breve de Juego Patologico

CEIm Comité de Etica Investigacién con Medicamentos
CERV ‘The Questionnaire of Experiences Associated with Video games
cfPWV Carotid-femoral pulse wave velocity

CIUS Compulsive Internet Use Scale

CKD-EPI Chronic Kidney Disease Epidemiology Collaboration
DAST Drug Abuse Screening Test

DP Diastolic pressure

EDAS Escala de dependencia y adiccién al smartphone
EDADES Encuestas sobre Alcohol y Otras Drogas en Espaiia
EKG Electrocardiogram

ESH European Society of Hypertension

EU European union

EVA Early vascular aging

GRS Gerencia Regional de Salud

HVA Healthy vascular aging

IsCII Instituto de Salud Carlos IIT

IBSAL Instituto de Investigacion Biomédica

TPAQ International physical activity questionnaire

LVH Left ventricular hypertrophy

MEDAS Mediterranean Diet Adherence Scale

MET Equivalentes metabdlicos de tarea

MoCA Montreal Cognitive Assessment

MRR Facility for Recovery and Resilience

MSQ Marshall Sitting Questionnaire

NVA Normal vascular aging

OMS Organizacién Mundial de la Salud

PDV Product of Duration by Voltage

PREDIMED Prevencion con Dieta Mediterrdnea

PSQI Pittsburgh’s sleep quality index

RGPD Reglamento de Proteccion de Datos

RICAPPS Network of Research in Chronicity, Primary Care and Health Prevention and Promotion
SP Systolic pressure

SPIRIT Standard Protocol Items Recommendations for Interventional Trials
TBA Time interval between arm and ankle waves

TSI Tarjeta Sanitaria Individual
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