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ABSTRACT
Introduction: The process of population ageing that is
occurring in developed societies represents a major
challenge for the health system. The aim of this study
is to analyse factors that have an influence on early
vascular ageing (EVA), estimated by carotid-femoral
pulse wave velocity (cf-PWV) and Cardio Ankle
Vascular Index (CAVI), and to determine differences by
gender in a Spanish population.
Methods and analysis: An observational,
descriptive, cross-sectional study.
Study population: From the population assigned to
the participating healthcare centres, a cluster random
sampling stratified by age and gender will be
performed to obtain 500 participants aged between 35
and 75. Those who meet the inclusion criteria and give
written informed consent will be included in the study.
Measurements: Main dependent variables: cf-PWV
determined using the SphygmoCor System and CAVI
estimated using VASERA. Secondary dependent
variables: telomere length, carotid intima-media
thickness, central and peripheral augmentation index,
ankle-brachial pulse wave velocity, ankle-brachial index,
retinal arteriovenous index, and renal and cardiac organ
damage. Independent variables: lifestyles (physical
activity, adherence to the Mediterranean diet, alcohol
and tobacco consumption); psychological factors
(depression, anxiety and chronic stress); inflammatory
factors and oxidative stress.
Ethics and dissemination: The study has been
approved by the clinical research ethics committee of
the healthcare area of Salamanca. All study participants
will sign an informed consent form agreeing to
participate in the study in compliance with the
Declaration of Helsinki and the WHO standards for
observational studies. The results of this study will
allow the understanding of the relationship of the
different influencing factors and their relative weight in
the development of EVA. At least 5 publications in first-
quartile scientific journals are planned.
Trial registration number: NCT02623894; Pre-results.

INTRODUCTION
The process of population ageing that is
occurring in developed societies represents a
major challenge for the health system.
Cardiovascular diseases (CVD) are the most
common cause of morbidity and mortality in
the world, representing half of the deaths in
persons aged over 65 years and affecting
>70% of patients with diabetes mellitus. The
non-modifiable cause of vascular ageing in
healthy adults is age, because it causes
increased arterial stiffness and changes in
chromosome replication with telomere
shortening.1 2

The comparison of biological age with
chronological age allows us to establish if the
pattern of vascular ageing is at an expected
or accelerated rate, that is, if early vascular
ageing (EVA) is present or not.1 2

Arterial stiffness and ageing: Arterial stiffness
increases with age even in healthy adults.3 It
involves changes in vascular structure with
thickening of the arterial wall, changes in

Strengths and limitations of this study

▪ This study selected, by random sampling of the
population, participants aged between 35 and
75 years.

▪ Assesses arterial ageing by the pulse wave vel-
ocity and Cardio Ankle Vascular Index (CAVI)
arterial stiffness tests.

▪ Analyses the influence of diet, exercise, smoking
and psychological factors on early vascular
ageing (EVA).

▪ Assesses the influence of molecules of inflam-
mation and oxidative stress in EVA.

▪ Analyses the telomere length and its association
with vascular stiffness.
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vascular function due to increased stiffness, and
decreased wall distensibility of large arteries, associated
with endothelial dysfunction and pulse wave changes.3 4

These changes are primarily mediated by nitric oxide.1

Arterial ageing is a multifactorial process associated with
changes in structure and function of the large arteries.1

These changes are related to age, and are accelerated in
the presence of associated CVD,5–9 cardiovascular risk
factors or cardio-unhealthy lifestyles.10 Some of these
factors are controllable, and a greater understanding of
the links existing between vascular ageing, lifestyle and
CVD will help find strategies geared to preventing or
delaying this ageing.11 12

Telomere length and vascular ageing: Somatic ageing starts
when telomerase activity decreases and prevents accurate
copies of chromosome replication being made in the
distal end, resulting in a decreased telomere length.13

Although telomerase activity is genetically determined, it
is also sensitive to the action of external factors.1 In add-
ition to ageing, inflammation and oxidative stress are
endogenous factors causing telomere shortening.14

Telomere length is also correlated with lifestyle.14

A reduced activity genotype causes a greater degree of
vulnerability to triggering factors such as sedentary life-
style, hypertension, obesity, hyperlipidaemia, diabetes,
stress and smoking.13 The intimate relationship between
the action of telomerase and morbidity and mortality
has been documented in different studies.13 Rode et al15

analysed 64 637 individuals from the general population
and concluded that short telomeres in peripheral blood
leucocytes were associated with high mortality for indivi-
duals in the short test versus the longest decile. In 1525
postmenopausal women with a follow-up of 13 years,
Carty et al16 found that white women with a shorter
leucocyte telomere length (LTL) had higher risks of
mortality and coronary heart disease. In contrast,
shorter LTL was weakly associated with decreased mor-
tality hazard in African-American women. Simpson
et al,17 in patients with cancer, concluded that the fuso-
genic telomere length threshold provides a powerful,
independent prognostic marker with clinical utility in
breast cancer. Additionally, Needham et al18 examined
the association between LTL and mortality in 3091 US
adults aged 50–84 years, and concluded that the associ-
ation between LTL and mortality differs by race/ethni-
city and cause of death; the review performed by
Haycock et al19 concluded that the available observa-
tional data show an inverse association between LTL and
risk of coronary heart disease, independent of conven-
tional vascular risk factors. The association with cerebro-
vascular disease is less certain. We have not found any
study analysing the relationship of telomere length with
the different factors involved in ageing in the Spanish
population.
Physical activity and vascular ageing: There is ample evi-

dence of the beneficial effect of exercise on vascular
ageing.20 Regular aerobic physical activity of moderate
intensity has been shown in adults to be associated with

lower arterial stiffness and lower carotid intima-media
thickness (IMT).21 22 In contrast, in sedentary healthy
adults, ageing is associated with increased stiffness of the
large elastic arteries and with poorer vascular endothe-
lial function and increased mortality.22 23 The EVIDENT
study found an association of physical activity with better
vascular structure and function and sedentary time
(hours spent watching television) with greater arterial
stiffness.24 However, there are some points that are still
unresolved such as the effect of endurance exercises,
alone or combined with aerobic exercises, on vascular
ageing.22 In addition, physical activity improves endothe-
lial function, increases the bioavailability of nitric oxide
and reduces the presence of oxidative stress and inflam-
matory agents, such as tumour necrosis factor-α
(TNF-α).25 Therefore, physical activity favourably modu-
lates several expressions of vascular ageing, thereby pre-
serving vascular function and possibly reducing CVD
risk.1 20 26

Diet and vascular ageing: The Mediterranean diet is cur-
rently considered the epitome of a healthy diet. There is
evidence that it improves vascular ageing27 28 and endo-
thelial function,29 30 increasing the number of endothe-
lial cells and reducing vascular inflammation, oxidative
stress and postprandial oxidative stress markers.29 30 An
omega-3 rich diet improves vascular ageing27 28 and a
caloric-restricted diet improves vascular structure and
function.31 The PREDIMED study (Prevention with a
Mediterranean Diet) has shown that participants in the
intervention groups (Mediterranean diet) could reduce
the incidence of major cardiovascular complications by
30% at 4 years of follow-up.32

Psychological factors and vascular ageing: Depression
increases the risk of coronary disease (CD),33 predicts
the increase in mortality after angioplasty or coronary
surgery,34 35 increases the risk of cerebrovascular
disease,36 and increases mortality and the number of
admissions in participants with heart failure (HF).37 38

Anxiety disorders have also been associated with
increased cardiac mortality and CD.39 In the
INTERHEART study,40 participants who had a first myo-
cardial infarction showed stress levels at work, stress at
home, general and permanent stress greater than the
controls. However, the association of psychological
factors (depression, anxiety disorder and stress) with vas-
cular stiffness and therefore with EVA is not well
established.
Smoking and vascular ageing: Cigarette smoke stimulates

leucocyte release of reactive oxygen and nitrogen
species (ROS/RNS) and secretion of proinflammatory
cytokines, increases the adherence of monocytes to the
endothelium, and elicits airway inflammation. Smoking
promotes endothelial dysfunction, decreasing nitric
oxide and increasing oxidative stress.5 41 Tobacco
smoking enhances telomere shortening in circulating
human white cell counts (WCCs). Telomere attrition
(expressed in WCCs) can serve as a biomarker of the
cumulative oxidative stress and inflammation induced by
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smoking and, consequently, show the pace of biological
ageing.42–44

Alcohol and vascular ageing: In some studies, a benefi-
cial effect of low or moderate alcohol consumption was
found, particularly when taken as red wine.9 There are
several studies that analysed the influence of alcohol in
vascular stiffness and vascular ageing, concluding that
moderate alcohol consumption may be beneficial.45–47

Inflammatory markers and oxidative stress: Decreased arter-
ial endothelial function with age is an independent risk
factor for the development of vascular disease in healthy
adults.1 Similarly, microvascular dysfunction and vascular
hyperpermeability, which alter the integrity of the endo-
thelium and its barrier function, are promoted by oxida-
tive stress, decreased nitric oxide, and proinflammatory
changes and increased arterial stiffness.3 4 48–51

MicroRNAs (miRNA) have a critical role in the develop-
ment of atherosclerotic disease, taking part in each step
from the start of plaque formation to plaque destabilisa-
tion and rupture. Their analysis will help determine the
pathophysiological mechanisms of arterial ageing.52–56

Assessment of EVA: Arterial stiffness can be assessed with
different clinical tools. The currently accepted gold
standard to assess arterial stiffness is the carotid-femoral
pulse wave velocity (cf-PWV),57 58 which is related to
increased morbidity and mortality in patients with CVD
and in healthy participants.59 The Cardio-Ankle Vascular
Index (CAVI) is an index representing the stiffness of
the aorta, femoral artery and tibial artery.60 Some
authors suggest that CAVI, which is independent of
blood pressure (BP) at the time of measurement, has an
adequate reproducibility for clinical use, and is more
useful as a marker of arterial stiffness than cf-PWV. It has
also been observed that central BP is more related to
cardiovascular morbidity and mortality than peripheral
BP. The central and peripheral augmentation index
(CAIx and PAIx) are also markers of arterial stiffness,
which, together with the aortic systolic BP (SBP) and
aortic pulse pressure, complement the information
obtained with PWV.57 The presence of atherosclerosis
can be measured with the IMT in the carotid artery and
with the ankle-brachial index (ABI) or the amount of
calcium in coronary arteries.
Coordination and participants: Eight research groups

from the Biomedical Research Institute of Salamanca
(IBSAL) have participated in this project, which will
allow a multidisciplinary approach to the problem of
EVA. The role of genetic factors and of the following
exogenous factors will be analysed in a sample of the
urban general population: all lifestyle aspects (toxic
habits, diet, exercise), psychological factors, oxidative
stress, inflammatory parameters and different para-
meters evaluating vascular structure and function.
The general objectives of this study are:
To establish reference values for vascular structure and
function in the population of Salamanca.
To analyse the factors (physical, biological and psycho-
logical habits) influencing EVA, assessed by measuring

the carotid-femoral pulse wave velocity (PWV) and
cardio-ankle vascular index (CAVI).
To determine differences by gender.

METHODS AND ANALYSIS
Study design
A cross-sectional, descriptive and observational study. We
consider participants with EVA as those having cf-PWV
and/or CAVI values greater than the 75th centile.

Study setting
To be implemented in the Research Unit of La
Alamedilla Primary Care Center, and on the premises of
the hospital and University of Salamanca of the eight
participating groups from the IBSAL.

Study population
It will be the urban population attached to the Health
Center of Salamanca. Using a random sampling strati-
fied by age groups (35, 45, 55, 65 and 75 years) and
gender, 100 participants will be selected in each group
(50 males and 50 females), aged 35–75 years.
Inclusion criteria: Patients aged 35–75 years who agree

to participate in the study and do not meet any of the
exclusion criteria.
Exclusion criteria: Participants who are in terminal con-

dition, who cannot travel to the health centres to
undergo the corresponding examinations, and those
who do not wish to sign the informed consent.
Participants with a history of CVD (ischaemic heart
disease or stroke, peripheral arterial disease or HF),
diagnosed renal failure in terminal stages (glomerular
filtration rate below 30%), chronic inflammatory disease
or acute inflammatory process in the past 3 months.
Patients treated with oestrogens, testosterone or growth
hormone.

Sample size
The sample size was estimated to find a difference of
0.60 points in the 14-item questionnaire on adherence
to a Mediterranean diet between participants with EVA
and those without. We used this variable because we
think that it, of all the variables, varies the least over
time. Assuming a 1:3 ratio between participants with and
without EVA as the most unfavourable situation, accept-
ing an α risk of 0.05 and a β risk of 0.20 in a two-sided
test, and assuming a rate of losses due to technical diffi-
culties or refusal to participate of 10%, 488 participants
would be required, 122 in the first group and 366 in the
second. It is assumed that the common SD is 1.94
points. Five hundred participants will be selected.

Variables and measurement instruments
General and potentially effect-modifying variables such
as age, gender, occupation, family and personal history of
CVD and drug use will be documented. At the time
of patient inclusion, we will record the date of diagnosis
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of hypertension or diabetes, as well as the drugs pre-
scribed. We will also collect the start date of medication
and doses of: antihypertensive, antidiabetic and antiplate-
let agents; anticoagulants; and lipid-lowering drugs.
The occupation of the patient will be recorded using

the National Classification of Occupations 2011
(CNO-11).61

Anthropometric measurements
Body weight will be measured twice using a homolo-
gated electronic scale (Seca 770; Medical scale and
measurement systems, Birmingham, UK) after calibra-
tion (precision±0.1 kg), with the patient wearing light
clothing and barefoot. These readings will be rounded
to 100 g. Height will be measured using a portable
system (Seca 222; Medical scale and measurement
systems, Birmingham, UK). The mean of two readings
taken with the patient barefoot in the standing position
will be recorded. Values will be rounded to the nearest
centimetre. Body mass index (BMI) was calculated as
weight (kg) divided by height squared. Waist circumfer-
ence will be measured using a flexible graduated meas-
uring tape with the patient in the standing position
without clothing. The upper border of the iliac crests
will be located, and the tape will be wrapped around
above this point, parallel to the floor, ensuring that it is
adjusted but without compressing the skin.

Office or clinical BP
Office BP measurement will involve three measurements
of SBP and diastolic BP (DBP), using the average of the
last two, with a validated OMRON model M10-IT sphyg-
momanometer (Omron Health Care, Kyoto, Japan), by
following the recommendations of the European Society
of Hypertension.62 Pulse pressure will be estimated with
the mean values of the second and third measurements.

Habits and lifestyles
Diet
Adherence to the Mediterranean diet, principal end
point of alimentation, will be measured using the vali-
dated 14-point Mediterranean Diet Adherence Screener
(MEDAS),63 developed by the study group. MEDAS is a
valid instrument for rapid estimation of adherence to
the Mediterranean diet and may be useful in clinical
practice. The 14-item screener includes 12 questions on
food consumption frequency and two questions on food
intake habits considered characteristic of the Spanish
Mediterranean diet. Each question will be scored as 0 or
1. Adequate adherence to the Mediterranean diet will
be assumed when the total score is ≥9 points.63 With the
APP developed in the EVIDENT study (registry number
00/2014/2207), food consumption is recorded during a
usual week. Data will be analysed with software devel-
oped for the analysis of food consumption in the
EVIDENT II project.

Physical activity
Actigraph GT3X accelerometers (Actigraph, Shalimar,
Florida, USA) will be used, which have been previously
validated.64 Participants will wear the accelerometer fas-
tened with an elastic strap to the right side of the waist
for seven consecutive days, except while bathing and
performing activities in the water. The data will be
recorded at 1 min intervals. Total physical activity will be
expressed in counts per minute. The intensity of phys-
ical activity will be determined according to the cut-off
points proposed by Freedson,65 sedentary (<100 counts/
min), light (100–1952 counts/min), moderate (1952–
5724 counts/min), vigorous (>5724 counts/min) and
very vigorous (>9498 counts/min). Moderate–vigorous
activity will be considered as activity accumulated from
all bouts lasting at least 1 min.
The International Physical Activity Questionnaire—Short

Form (IPAQ-SF): The short form (9 items) records the
activity of four levels of intensity: (1) intense physical
activity, such as aerobics, (2) moderate-intensity activity,
such as leisure cycling, (3) walk and (4) sitting for
7 days.66 The data will be computed in METS/min/
week.
Questionnaire hours seated (Marshall): Evaluates the hours

that the individual is sitting, in their work, in the displace-
ments and at home, during the week and the weekend.67

Paffenbarger Physical Activity Questionnaire: Provides a
complete representation of exercise. The questionnaire
consists of eight questions. The following types of acti-
vity intensity are used: low (<4 mean metabolic equiva-
lents (MET)), moderate (4 to <6 MET) and high
(≥6 MET).68–70

Tobacco consumption
A questionnaire of four standard questions adapted
from the WHO MONICA study will be used. The carbon
monoxide concentration will be measured by a
co-oximeter and the participants will be asked when the
last cigarette was smoked.

Alcohol consumption
A questionnaire about alcohol consumption in the past
7 days will be included through a detailed questionnaire
about alcohol types and volume.

Psychological factors
Depression will be assessed with the Hamilton Depression
(HAM-D) Scale:71 The 17-item version was employed in
the study. In this version, each item is scored from 0 to 2
or from 0 to 4; total scores can range from 0 to 52. The
HAM-D scale was not originally designed with cut-off
points to designate levels of severity of the depressive
condition; we will define cut-off points and severity levels
as follows: >23=very severe; 19–22=severe; 14–18=moder-
ate; 8–13=mild and <7=remission.72 73

Anxiety will be assessed with the Hamilton Anxiety Scale:
The 17-item version will be used in the study. The sever-
ity of symptoms will be measured using five options of

4 Gomez-Marcos MA, et al. BMJ Open 2016;6:e011031. doi:10.1136/bmjopen-2016-011031

Open Access

 on 8 A
ugust 2018 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-011031 on 7 June 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


ordinal answer (0: no symptom; 4: very severe or disab-
ling symptoms). The total score of the instrument,
obtained by the sum of partial scores of 17 items, can
vary within a range of 0 (no anxiety) to 68 (highest
degree of anxiety) points.74 75

Stress will be assessed with Perceived Stress Scale Cohen of 14
items. The scale scored from 0 to 56, where the upper
scores indicate a higher perceived stress. It uses a Likert
format with five alternatives ranging from 0 (‘never’) to
4 (‘always’).76

Vascular structure and function
PWV and CAIx
These parameters will be estimated using the
SphygmoCor System (AtCor Medical Pty Ltd, Head
Office, West Ryde, Australia). With the patient sitting and
resting his/her arm on a rigid surface, pulse wave analysis
will be performed with a sensor in the radial artery, using
a mathematical transformation to estimate the aortic
pulse wave. CAIx will be estimated from aortic wave
morphology using the following formula: increase in
central pressure×100/pulse pressure, and it will be
adjusted for heart rate at 75 bpm. Carotid and femoral
artery pulse waves will be analysed, with the patient in a
supine position, using the SphygmoCor System (Vx pulse
wave velocity), estimating the delay as compared with the
ECG wave and calculating PWV. Distance measurements
will be taken with a measuring tape from the sternal
notch to the carotid and femoral arteries at the sensor
location and will be multiplied by 0.8. Subclinical organ
damage of PWV will be defined as a cf-PWV>10 m/s.77

Cardio-ankle vascular index, brachial ankle PWV (ba-PWV)
and ABI
These parameters will be estimated using the Vasera
device VS-1500 (Fukuda Denshi). PWV will be calcu-
lated, as well as CAVI, which gives a more accurate esti-
mation of the atherosclerosis degree. CAVI integrates
cardiovascular elasticity derived from the aorta to the
ankle pulse velocity through an oscillometric method; it
is used as a good measure of vascular stiffness and does
not depend on BP.78 CAVI values will be automatically
calculated by substituting the stiffness parameters in the
following equation to detect the vascular elasticity and
the cardio ankle PWV: stiffness parameter β=2ρ×1/(Ps–
Pd)×ln (Ps/Pd)×PWV2, where ρ is the blood density, Ps
and Pd are SBP and DBP in mm Hg, and PWV is mea-
sured between the aortic valve and ankle. The average
coefficient of the variation of CAVI is <5%, which is
small enough for clinical use and confirms that CAVI
has favourable reproducibility.79 CAVI and ABI will be
measured in the resting position. ba-PWV is estimated
using the following equation: ba-PWV=((0.5934×height
(cm)+14.4724))/tba, where tba is the time the same
waves were transmitted to the ankle.80

For the study, the lowest ABI and the highest CAVI and
ba-PWV obtained will be considered. CAVI is classified as
normal (CAVI<8), borderline (8≤CAVI<9) and abnormal

(CAVI≥9). Abnormal CAVI represents subclinical athero-
sclerosis, and ba-PWV≥17.5 is considered abnormal.81 82

ABI≤0.9 was considered abnormal.45

Assessment of vascular structure by carotid IMT (C-IMT)
Carotid ultrasound to assess C-IMT will be performed by
two investigators trained for this purpose before starting
the study. A Sonosite Micromaxx ultrasound device
paired with a 5–10 MHz multifrequency high-resolution
linear transducer with Sonocal software will be used for
performing automatic measurements of C-IMT in order
to optimise reproducibility. Measurements will be made
of the common carotid after the examination of a
10 mm longitudinal section at a distance of 1 cm from
the bifurcation, performing measurements in the prox-
imal and in the distal wall in the lateral, anterior and
posterior projections, following an axis perpendicular to
the artery to discriminate two lines, one for the intima
blood interface and the other for the media-adventitious
interface. A total of six measurements will be obtained
of the right carotid and another six of the left carotid,
using average values (average C-IMT) and maximum
values (maximum C-IMT) automatically calculated by
the software.83 The measurements will be obtained with
the participant lying down, with the head extended and
slightly turned opposite to the examined carotid artery.
The reliability was evaluated before the study began,
using the intraclass correlation coefficient, which
showed values of 0.974 (95% CI 0.935 to 0.990)
for intraobserver agreement on repeated measurements
in 20 participants, and 0.897 (95% CI 0.740 to 0.959)
for interobserver agreement. According to the
Bland-Altman analysis, the mean difference for intraob-
server agreement (95% limits of agreement) was 0.022
(95% CI −0.053 to 0.098) and for interobserver agree-
ment was 0.012 (95% CI −0.034 to 0.059). The average
IMT will be considered abnormal if it measures
>0.90 mm, or if there are atherosclerotic plaques with a
diameter of 1.5 mm or a focal increase of 0.5 mm or
50% of the adjacent IMT.

Evaluation of retinal vessels
Retinography will be performed using a Topcon TRC
NW 200 non-mydriatic retinal camera (Topcon Europe
B.C., Capelle a/d Ijssel, The Netherlands), obtaining
nasal and temporal images centred on the disk. The
nasal image with the centred disk will be loaded into the
developed software, AV Index calculator (Ciclorisk SL,
Salamanca, Spain, registry number 00/2011/589). This
software automatically recognises and draws two external
concentric circles that delimit area A, 0–0.5 disk dia-
meters from the optic disk margin, and area B, 0.5–1
disk diameters from the margin. The software first iden-
tifies the limits of the different vessels, after which it
automatically recognises arteries and veins, and makes
multiple measurements of the diameter of the section of
vessels circulating through area B. It finally estimates the
mean calibre of veins and arteries in millimetres, and
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these measurements are summarised as an arteriole–
venule ratio, arteriovenous index (AVIx). An AVIx of 1.0
suggests that arteriolar diameters are on average the
same as venular diameters in that eye, whereas a smaller
arterio-venous ratio (AVR) suggests narrower arterioles.
The pairs of main vessels in the upper and lower tem-
poral quadrants will be used, rejecting all other vessels,
to improve reliability and increase efficiency of the
process, analysing measures for each quadrant separately
and together to estimate the mean measure in each eye.

Coronary artery calcium score
Coronary calcium will be quantified using a 256-slice
multidetector CT scanner (Brilliance iCT, Philips)
according to the Agatston et al84 method, with the
support of specific programming and specialised soft-
ware (Intellispace Portal, Philips). This technology is the
latest in the sector, allowing coronary calcium to be esti-
mated with radiological exposures <1 mSv, equivalent to
performing a spinal X-ray.

Renal assessment
Kidney damage will be assessed by measuring the esti-
mated glomerular filtration rate using the Chronic
Kidney Disease Epidemiology Collaboration
(CKD-EPI)85 equation and proteinuria, as assessed by
the albumin–creatinine ratio, following the criteria of
the 2013 European Society of Hypertension/European
Society of Cardiology Guidelines.62 Subclinical organ
damage will be defined as glomerular filtration rate
below 30–60 mL/min/1.73 m2 or microalbuminuria
(30–300 mg/24 hours), or albumin–creatinine ratio (30–
300 mg/g; 3.4–34 mg/mmol; preferably on morning
spot urine). Renal disease will be defined as glomerular
filtration rate <30 mL/min/1.73 m2 (body surface area),
proteinuria (>300 mg/24 hours) or albumin–creatinine
ratio >300 mg/24 hours.62

Cardiac assessment
ECG examination will be performed using a General
Electric MAC 3.500 ECG System (Niskayuna, New York,
USA), which automatically measures wave voltage and
duration and estimates the criteria of the Cornell
voltage-duration product (VDP).86 ECG left ventricular
hypertrophy will be defined as a Sokolow-Lyon index
>3.5 mV; R wave in Left arm (RaVL)>1.1 mV or Cornell
VDP>244 mV×ms.62

Laboratory measurements
Venous blood sampling will be performed between
08:00 and 09:00 after participants have fasted and
abstained from smoking and consumption of alcohol
and caffeinated beverages for 12 hours. Fasting plasma
glucose, creatinine, uric acid, Ca, P, serum total choles-
terol, high-density lipoprotein cholesterol and triglycer-
ide levels will be measured using standard enzymatic
automated methods. Low-density lipoprotein cholesterol
will be estimated by the Friedewald equation when the

direct parameter is not available. Glycated haemoglobin
will be measured with an immune-turbidimetric assay.
Detection of 25-hydroxyvitamin D by immunoassay tech-
nical. High-sensitivity C reactive protein levels and
fibrinogen concentrations will be determined by an
immune turbidimetric assay. Cytokine (interleukin 1β,
TNF-α) concentrations in plasma will be determined by
ELISA using commercial kits and following the manufac-
turer’s recommendations. Oxidative stress will be deter-
mined by measuring lipid peroxides (thiobarbituric acid
reactive substances (TBARS), using a colorimetric tech-
nique using commercial kits) and nucleic acid deriva-
tives (8-hydroxy-2-deoxyguanosine) by ELISA using
commercial kits and following the manufacturer’s
recommendations.
Telomere length: Telomere length will be measured

using the real-time PCR technique. This is a technique
that allows one to quantify the initial amount of DNA in
a given fragment comparing this amplification with
another performed simultaneously. To analyse these
relative changes, a reference fragment in the DNA is
chosen as the standard. In our study, we will use as the
endogenous single copy control gene: 36b4. PCRs will
be performed on 96-well optic plates (Micro Amp Fast
Optical 96-Well reaction plate with Barcode 0.1 mL,
Applied Biosystems). On each plate, two different reac-
tions will be performed for each sample in different
wells: an amplification reaction of telomeres and
another amplification reaction of the 36b4 gene. In
turn, we perform three replicates of each amplification
to minimise the variability in concentration of the
samples. In total, we will perform 9 PCRs for each
patient. To amplify the 36b4 gene, we will use the
primers: 36b4 F: 5′-CAGCAAGTGGGAAGGTGTAATC
C-3′ and 36b4R: 5′-CCCATTCTATCATCAACGGGTACA
A-3′; and to amplify the telomeres, we will use the
primers TelF: 5′-GGTTTTTGAGGGTGAGGGTGAGG
GTGAGGGTGAGGGT-3′ and TELR: 5′-TCCCGACTA
TCCCTATCCCTATCCCTATCCCTATCCCTATCCCTA-3′.
Blood samples will be collected in the primary care

centre, and will be analysed at the University Hospital of
Salamanca in external quality assurance programmes of
the Spanish Society of Clinical Chemistry and Molecular
Pathology.
People who perform the different tests will be blinded

to the clinical patient data. All parameter assessments
will be made within 10 days.

Statistical analysis
Data input will be performed using the Teleform system
(Autonomy Cardiff Vista, California, USA), with a ques-
tionnaire previously designed for the project. Normal dis-
tribution of variables will be verified using the
Kolmogorov-Smirnov test. Quantitative variables will be dis-
played as mean±SD if normally distributed or as the
median (IQR) if asymmetrically distributed, and qualita-
tive variables will be expressed as frequencies. Analysis of
difference of means between variables of two categories
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will be carried out using a Student’ t-test or a
Mann-Whitney U test, as appropriate, while qualitative vari-
ables will be analysed using a χ² test. To analyse the rela-
tionship between qualitative variables of more than two
categories and quantitative variables, an analysis of vari-
ance and the least significant difference test will be used in
the post hoc tests; a Kruskal-Wallis test will be used in cases
where the variables are not normally distributed. The rela-
tionship of quantitative variables to each other will be
tested using Pearson or Spearman correlation as appropri-
ate. Analysis of covariance (ANCOVA) will be performed
to adjust for the variables that can affect the results as con-
founders. A multivariate analysis of variance (MANOVA)
will be performed in cases with more than one dependent
variable to identify whether changes in the independent
variables have significant effects on the dependent vari-
ables. The association between the variables studied (PWV
and CAVI with the independent variables analysed)) will
be performed by multiple linear regression. Factors asso-
ciated with the presence or absence of EVA will also be
analysed by logistic regression. Data will be analysed using
the SPSS V.23.0 statistical package (SPSS Inc, Chicago,
Illinois, USA). A value of p<0.05 will be considered statistic-
ally significant. Statistical analysis of the extent of telomere
length will be performed with the programs Step One 2.1
software (Applied Biosystems) and Enterprise GenEx
5.2.1.
To minimise the risk of bias resulting from foreseeable

losses in the study, we will apply a process of multiple
imputation to the original database, using the chained
equations method proposed by van Buuren et al.87 Fifty
files will be generated from this method, in which
missing values will be replaced by their corresponding
imputed values. Estimators obtained from each file will
be combined by the method of Rubin.88 These processes
will be carried out by the Ice88 and Mim programs,
updated to V.14 of the statistical package Stata.
The statisticians/researchers who perform the differ-

ent analyses will be blinded to the clinical patient data.

Quality control
Different processes will be carried out to guarantee the
study data quality and thus maximise the validity and
reliability of measurements of the results. To this effect,
field work operation manuals have been prepared.
These documents specify the adequate procedure for
performing each test. Educational leaflets will be devel-
oped to ensure adequate pressure measurement by
patients at home. All of these actions will confirm
adequate performance of each procedure. Monthly
meetings will be held with the principal investigator of
the study to analyse the entire process, and an annual
report on study progress will be prepared.

Project schedule
This project will be performed in 3 years, with the aim
to analyse factors that have an influence on EVA, esti-
mated by cf-PWV and Cardio Ankle Vascular Index

(CAVI), and to determine differences by gender in a
Spanish population. During the first 2 years, the collec-
tion of data questionnaires, sample selection and inclu-
sion should be developed and all the necessary
information gathered. During the third year, the analysis
and dissemination of the results will be performed.

DISSEMINATION
Participants will be required to sign an informed
consent form prior to inclusion in the study, in accord-
ance with the Declaration of Helsinki89 and the
WHO standards for observational studies. The study has
been registered in ClinicalTrials.gov with identifier
NCT02623894. Participants will be informed of the
objectives of the project and of the risks and benefits of
the examinations made. None of the examinations pose
life-threatening risks for the type of participants to be
included in the study. The study includes the obtaining
of biological samples; the study participants therefore
will be informed in detail. The confidentiality of the
recruited participants will be ensured at all times in
accordance with the provisions of current legislation on
personal data protection (15/1999 of 13 December
Protection of Personal Data Official Law (LOPD)), and
the conditions contemplated by Act 14/2007 on bio-
medical research.

Dissemination plan
We will use a variety of methods to ensure that our work
will achieve maximum visibility. Publication of our study
protocol provides an important first step in this direc-
tion. In this paper, we have sought to offer a comprehen-
sive overview of the relevant literature, while underlining
current research gaps that necessitated the design and
implementation of the EVA study.
Similarly, the study results, given their applicability

and implications for the general population, will be dis-
seminated in research meetings and in at least five arti-
cles published in scientific journals.

DISCUSSION
Numerous studies5–9 have analysed the factors influen-
cing vascular stiffness, finding that arterial ageing is
related to changes in the mechanical and structural
properties of the vascular wall, which lead to loss of
arterial elasticity and reduced distensibility. However, to
what extent these changes occur through the action of
environmental factors, lifestyles, psychological factors,
inflammatory parameters and oxidative stress molecules
predisposing to EVA has not been adequately studied. It
is also not known which measure of arterial stiffness is
best related to EVA.40 41 43 Thus, this study aims to
provide evidence to clarify the influence and the relative
weight of each of the factors on EVA, assessed using dif-
ferent tools measuring arterial ageing.11 12

The benefits of moderate physical activity on arterial
stiffness, and therefore on EVA, are well known.15
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Similarly, the number of hours dedicated to sedentary
activities is associated with increased stiffness of the
large elastic arteries and poorer vascular endothelial
function.17 However, the effect of endurance exercises,
alone or combined with aerobic exercises, on vascular
ageing is not clear.17

The Mediterranean diet,27 accompanied by caloric
restriction, improved vascular structure and function.26

However, the dietary parameters associated with
decreased EVA are not known.
Patients with depression,28 anxiety disorders34 or sub-

jected to greater stress at work, stress at home, general
stress and permanent stress35 have a greater risk of suf-
fering CVD. However, we found no studies analysing the
association of these factors with EVA. We hope this study
will help clarify their influence on EVA.
It is known that smoking is harmful and that low or

moderate alcohol consumption has a beneficial effect
on CVD. Nevertheless, the weight they have on EVA has
yet to be established.
We think that the project we are proposing has national

and international relevance: the study of ageing and CVD
has been established as a priority line of research in
Europe and in Spain. To the best of our knowledge, there
is no project in Spain or worldwide analysing in a popula-
tion sample the majority of the potential factors currently
known to influence EVA and attempting to quantify the
weight and relevance of each of them. Therefore, we
think that this is an original project and given the high
prevalence of ageing of the population in our setting, a
study to analyse the factors involved in arterial ageing will
facilitate an understanding of this phenomenon and the
degree of involvement of each factor in this process. In
addition, it will provide knowledge for future research
lines and potential clinical strategies.

Study limitations
Although the study follows all the recommendations for
observational studies considered in the STrengthening
the Reporting of OBservational studies in Epidemiology
(STROBE) statement, there is the possibility of con-
founding factors that have not been considered. The
cross-sectional design of this study may lead us to
observe an association, but not its direction over time.
Strengths of the study: The conduct of the study partici-

pants obtained by random and population-based sam-
pling, with the involvement of eight research groups
belonging to the areas of primary care, cardiovascular
and gene and cell therapy of the IBSAL with extensive
experience in the field, ensure the project’s success.
This study will create a platform and a specimen bank,
as a basis for future studies, in which the role that
miRNA plays in EVA will be analysed.
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