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1.  INTRODUCTION

The treatment of hypertension is associated with the treatment of 
other Cardiovascular (CV) risk factors, in a “global risk” approach. 

Hypertension Mediated Organ Damage (HMOD) increases CV risk, 
independently of Blood Pressure (BP) level. Although the treatment 
of hypertension aims at lowering BP to better reduce target organ 
damage and ultimately reduce CV and renal complications, very 
few studies have shown that a strategy aimed at reducing HMOD 
translates to reduction of CV and renal complications beyond BP 
reduction. Indeed, we know that for similar reduction in BP, the 
regression of HMOD differs markedly. This has been well demon-
strated for the treatment-induced regression of Left Ventricular 
Hypertrophy (LVH) measured by either Electrocardiogram (ECG) 
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A B S T R AC T
Whether arterial stiffness is a surrogate end-point for cardiovascular and renal disease has never been directly demonstrated by a 
controlled clinical trial. Our main hypothesis is a better prevention of outcomes in high risk hypertensives with PWV normalization 
driven strategy than with usual blood pressure driven therapeutic strategy based on European Society of Hypertension–European 
Society of Cardiology (ESH–ESC) guidelines. The strategy for preventing cardiovascular and renal events based on arterial stiffness 
study is a multicenter open-label randomized controlled trial with blinded endpoint evaluation comparing a therapeutic strategy 
targeting the normalisation of Pulse Wave Velocity (PWV group) versus a classical therapeutic strategy only implementing the 
ESH–ESC Guidelines (conventional group), for reducing cardiovascular and renal events. Patients with primary hypertension, aged  
55–75 years, and at medium-to-very high cardiovascular risk will be included and followed-up for 4 years. In the PWV group, treatment 
will be adjusted to carotid-femoral PWV measured every 6 months. In the conventional group, PWV will be measured at baseline and 
every 2 years, but its value will be blinded to the investigator in charge of the patient. In the PWV group, the therapeutic strategy will 
preferably use a combination of Angiotensin-converting Enzyme Inhibitor (ACEI) [or Angiotensin Receptor Blockers (ARB)] and 
calcium channel blockers, as well as maximal recommended doses of ACEIs and ARBs. The primary combined endpoint includes 
stroke and coronary events (myocardial infarction, angioplasty, bypass), fatal or not, peripheral artery disease (angioplasty, bypass, 
amputation), hospitalization for heart failure, aortic dissection, chronic kidney disease (doubling of creatinine, dialysis), and sudden 
death. Twenty-five research centers will include a total of 1500 patients, in order to show a 20% reduction in the primary combined 
endpoint - the incidence of which is estimated at 10% per year - in the PWV group compared to the conventional group.
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or echocardiography in the Losartan intervention for endpoint 
reduction in hypertension study (LIFE) [1–3], thus qualifying 
them as surrogate endpoints. However, results are less consistent 
regarding the translation of a treatment-induced reduction in uri-
nary albumin excretion into a reduced incidence of CV events and 
slower progression of renal disease [4–6].

An exaggerated arterial stiffness, characterized by an elevated 
Carotid-femoral Pulse Wave Velocity (cfPWV > 10 m/s) [7] can 
be considered as HMOD, here the organ being the aorta. The cor-
rected 10 m/s threshold, that is also included in the 2013 European 
Society of Hypertension (ESH)/European Society of Cardiology 
(ESC) Guidelines for the management of hypertension [8], corre-
sponds to the previous threshold of 12 m/s that figures in the 2007 
ESH–ESC Guidelines [9], adjusted for carotid-femoral distance 
(coefficient 0.8) according to the 2012 international consensus 
[7]. However, aortic stiffness cannot qualify yet as such because no 
controlled study has shown until now that the reduction in arterial 
stiffness translates to reduction of CV and renal complication inde-
pendently of BP reduction in hypertensive patients.

In order to be considered as a surrogate endpoint of CV events, a 
biomarker should satisfy several criteria, such as proof of concept, 
prospective validation, incremental value, clinical utility, clinical 
outcomes, cost-effectiveness, ease of use, methodological consensus, 
and reference values [10]. The repeated demonstration of the pre-
dictive value of arterial stiffness for CV events led to its inclusion 
in the 2013 and 2018 ESH/ESC Guidelines for the management of 
Hypertension [8,11], as HMOD. A position paper from the European 
Society of Cardiology - working group on peripheral circulation [12] 
scrutinized the role of peripheral (i.e. not related to coronary circu-
lation) noninvasive vascular biomarkers for primary and secondary 
CV disease prevention. cfPWV was one of the few biomarkers that 
fulfilled most of the criteria and, therefore, was close to being con-
sidered a clinical surrogate endpoint [12]. Finally, a recent call to 
action of the Lancet Commission on Hypertension [13] addressed 
the global burden of raised BP through a life-course strategy based 
on the quantification of early vascular ageing, an equivalent of arte-
rial stiffness [14]. We thus set up the SPARTE trial as a Strategy for 
Preventing Cardiovascular and Renal Events based on ARTErial 
Stiffness. A detailed rational has been previously published [15].

In the SPARTE study, we hypothesized that a therapeutic strategy 
including the normalisation of arterial stiffness in addition to the 
implementation of international guidelines for normalisation of BP 
would reduce more CV and renal events compared to the unique 
implementation of the international guidelines for the management 
of hypertension. The objective of the present paper is to present the 
protocol in detail, to report the dates of the study and the inclusion 
dynamics, and discuss some feasibility elements.

Of note, the protocol has been submitted to ethical committee and 
funding institutions in 2012. Thus, 2007 ESH–ESC Guidelines 
for the management of hypertension [16] applied at that time. 
However, the references which appear in the present document in 
order to support the rational of the study, particularly those related 
to pharmacological treatment, have been updated.

2.  MATERIALS AND METHODS

Strategy for preventing cardiovascular and renal events based 
on arterial stiffness is a multicenter study including 25 French 

clinical centers, among which 12 are Excellence Centers labelled 
by the ESH. It is investigator initiated and driven, funded by the 
French Ministry of Research (PHRC 2011- K110102 / N°ID RCB: 
2012-A00023-40) and Fondation de Recherche sur l’Hyperten-
sion Arterielle (FRHTA). A list of the study sites is provided in 
Table S1.

2.1.  Study Design

The trial is defined by the protocol NCT02617238 (http://www.
clinicaltrials.gov/) as a multicentre randomised two parallel groups 
study using a prospective, randomised, open, blinded end-point 
design, aiming at comparing the efficacy of a therapeutic strat-
egy targeting the normalisation of arterial stiffness for reducing 
CV and renal events (PWV group), in comparison with a classical 
therapeutic strategy implementing the ESH–ESC Guidelines [16] 
(conventional group), in patients with primary hypertension and 
medium-to-very high CV risk (Figure 1).

Since treatment of hypertension is adjusted on the repeated mea-
sures of PWV in the PWV group, SPARTE study is truly a “target 
driven, long-term intensified intervention trial”.

•• Target driven study: The target is not BP such as in ACCORD 
[17], CARDIO-SiS [18], JATOS [19] or UKPDS [20], but arterial 
stiffness. The target value of PWV is defined as 10 m/s, recom-
mended by the 2012 “Expert consensus document on the mea-
surement of aortic stiffness in daily practice using carotid-femoral 
pulse wave velocity” [7]. The value of 10 m/s is consistent with 
the median values of the 55–75 years categories, observed in the 
Reference Value - Arterial Stiffness Collaboration Study [21].

•• Long-term study: Several studies have shown that long-term 
treatment is mandatory to reduce arterial stiffness independently 
of BP [22–25].

•• Intensified intervention trial: A number of pharmacological stud-
ies have shown that such a BP-independent lowering of arterial 

Figure 1 | Experimental design of the SPARTE study. The SPARTE study 
is a 4 years multicentre randomised two parallel groups study using 
a PROBE design, aiming at comparing the efficacy of a therapeutic 
strategy targeting the normalisation of arterial stiffness for reducing 
cardiovascular and renal events (PWV group), in comparison with a 
classical therapeutic strategy implementing the ESH–ESC Guidelines 
(conventional group), in patients with primary hypertension and 
medium-to-very high CV risk.
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stiffness is best obtain using blockers of the renin–angiotensin–
aldosterone system, including high recommended doses of 
Angiotensin-converting Enzyme Inhibitors (ACEI) [22,26] and 
Angiotensin Receptor Blockers (ARB) [24,27] and when neces-
sary mineralocorticoid receptor blockers [28]. The therapeutic 
strategy is detailed below.

2.2.  Sample Selection

The coordinating center in Paris supplied the study documentation 
to all participating centres. Study documentation has included a 
description of the protocol and of the expected tasks, and the files 
to be signed in relation to study participation agreement.

2.3.  Screening and Randomization

Around 60 subjects were to be enrolled in each center upon verify-
ing the study eligibility criteria listed in Table 1.

Following a parallel group study design, eligible patients are ran-
domized one-to-one in the treatment arms. The randomization list, 
created by the coordination center before the start of inclusions, 
uses a randomized block design, and is stratified by center and 
categories of CV risk. The randomization is centralized and made 
available to centres through the web-based software CleanWeb 
(Telemedicine Technologies, http://www.tentelemed.com/la-solution-
cleanweb/). At randomization, the clinician obtains the patient 
allocation group after having recorded the patient characteristics 
required by the algorithm.

In each centre, one or more investigators are in charge of the 
screening. After the initial visit and signature of the informed con-
sent, checking inclusion and exclusion criteria, the patients are 
randomised. At inclusion visit, a clinical examination is performed 
and the following elements will be recorded: Height, weight, waist 
circumference; Systolic Blood Pressure (SBP), Diastolic Blood 
Pressure (DBP) (three measurements with oscillometric device); 
Risk factors (lipids, diabetes, hypertension, smoking); CV disease 
history; Noncardiovascular disease history; HMOD; Biological 
dosages (not more than 6 months before): creatinine and Estimated 
Glomerular Filtration Rate (eGFR)-Modification of Diet in Renal 
Disease (MDRD), blood glucose, total, HDL, LDL Cholesterol 
(LDL-C), triglycerides, Na, K, albuminuria; Ongoing treatments 
(pharmacological classes and doses).

Ambulatory Blood Pressure Monitoring (ABPM) is performed 
immediately before the initial visit. Patients without treatment  
who have normal BP at ABPM (24 h BP < 130/80 mmHg or day  
BP < 135/85 mmHg) are not included in the study. In case ABPM is not 
possible, Home Blood Pressure Monitoring (HBPM) is performed, 
and patients with normal BP (<135/85 mmHg) are not included.

At baseline, the measurement of the PWV and central BP is done 
immediately before or after the clinical workup. During the study, 
in the PWV group, the value of PWV is made immediately avail-
able for the investigator. In order to improve the flow of patients 
during the course of the study, this is the PWV measure closest to 
the clinical visit that is used for adjusting treatment. In the conven-
tional group, the investigator in charge of the patient is blinded to 
the value of the PWV. PWV is measured every 6 months for the 

PWV group only. For the conventional group, PWV is measured at 
baseline, 24 and 48 months (Figure 1). Whatever the group, in case 
of early termination of the study for one patient, PWV is measured 
at the time closest to the event, when possible within 15 days of 
the event. Central BP and Augmentation Index (AIx) is measured 
during each PWV measurement sessions, but results will not be 
available to investigators of the PWV group who adjust treatment 
on PWV only, and, by definition, to investigators of the conven-
tional group.

2.4. � Pulse Wave Velocity and BP  
Measurements

Carotid-femoral PWV is measured by applanation tonometry 
using the Sphygmocor device (Atcor Medical, Sydney, Australia) 
using the foot-to-foot method [7,29]. Briefly, the applanation probe 
is positioned on the carotid artery, in order to record the carotid 
pressure waveform [7,29]. Applanation is then performed immedi-
ately afterward on the common femoral artery. Pulse transit times 
from concomitant ECG are calculated using the intersecting tan-
gent automatically calculated by the software. cfPWV is calculated 
by dividing travelled distance by the difference in transit times. For 
calculating travelled distance, a coefficient of 0.8 is applied to the 
direct (carotid-to-femoral) path length according to Van Bortel 
et al. [7]. At least two PWV measurements are performed. If the 
difference between the two measurements is more than 0.5 m/s, a 
third measurement is taken and the median value is retained [7].

Central BP is measured by applanation tonometry using the 
Sphygmocor device (Atcor Medical, Sydney, Australia) as described 
previously and recommended [7,29,30]. Briefly, the applanation 
probe is positioned on the radial artery (right arm), and optimal 
applanation is obtained using visual inspection and following 
built-in quality control indices. Radial waveforms are calibrated 
using brachial SBP and DBP measured before and after applana-
tion (average). The central aortic waveform is calculated by the 
device software using the generalized transfer function. BP values 
are derived from the curve. AIx is measured, and AIx at heart rate 
75 (AIx@75) is calculated through the software.

Brachial SBP and DBP and Heart Rate (HR) is measured using an 
adapted cuff with any validated electronic oscillometric device, both 
at the physician’s office during the outpatient clinic and at the tonom-
etry center, according to ESH–ESC guidelines. Three measurements 
are performed, and the average of measures 2 and 3 is retained.

Quality control is done before and during the study. All applanation 
tonometry centers are already experienced with arterial measure-
ments. They have all undergo training both at the Core Lab Facility 
of Pharmacology Department in Pompidou Hospital and on site. 
Centers are certified on the basis of five consecutive measurements 
fulfilling pre-established quality features. All measurements are 
centrally reviewed by the Core Lab immediately after having being 
performed. A trained technician, blinded as to the center, period 
and treatment, checks for quality of tracings and inconsistencies 
in BP values. In the event of a mismatch, BP values could either 
be corrected or measured again within 1 week. During the course 
of the study, arterial measurements are randomly sent to the Core 
Lab Facility of Pompidou Hospital, checked again, and appropriate 
measures are to be taken to maintain a high level of quality.
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Table 1 | SPARTE inclusion and exclusion criteria for enrolment

Inclusion criteria

• �Age 55–75 years
• �Male and female subjects
• �Primary hypertension, treated or not, whatever the control of BP
• ��Treated for primary or secondary prevention (more than 6 months after stroke or MI, or stable angina or peripheral artery disease)
• �Patients at medium-to-very high CV risk, i.e. satisfying either A, B or C conditions, according to the 2007 ESH–ESC Guidelines

A. Grade 1 or 2 hypertension
AND
• �At least three CV risk factors according to ESH–ESC 2007 guidelines (see below)
• �Or metabolic syndrome associating at least two of the following criteria, in addition to hypertension

○  HDL-C <1.0 mmol/L (0.4 g/L) (M) or <1.2 mmol/L (0.46 g/L) (F)
○  Triglycerides >1.7 mmol/L (>1.5 g/L)
○  Fasting blood glucose 5.6–6.9 mmol/L (1.02–1.25 g/L)
○  Waist circumference >102 cm (M) or 88 cm (F)

• �Or type 2 diabetes
• �Or target organ damage (see below)
• �Or CV disease or chronic kidney disease
• �Affiliation to social security
• �Signed informed consent
B. �Grade 3 hypertension, i.e. SBP > 180 mmHg and/or DBP > 110 mmHg
C. ISH, i.e. SBP > 160 mmHg and DBP < 70 mmHg
CV risk factors are:

• �Age >55 years (H) or >65 years (F)
• �Smoking
• �Dyslipidemia, with total cholesterol > 5 mmol/L (1.9 g/L), LDL-C > 3 mmol/L (1.15 g/L), HDL-C <1.0 mmol/L (0.4 g/L) (H) 

and <1.2 mmol/L (0.46 g/L) (F), triglycerides > 1.7 mmol/L (>1.5 g/L)
• �Fasting plasma glucose 5.6–6.9 mmol/L (1.02–1.25 g/L)
• �Abdominal obesity defined as waist circumference >102 cm (H) or 88 cm (F)
• �Family history of premature CV event [<55 years (H) or <65 years (F)]

Hypertension mediated organ damage is evaluated by the presence of at least one of the following anomalies: 
• �ECG-LVH (Sokolow-Lyon > 38 mm or Cornell product > 2440 mm * ms)
• �Echo LVH (LVMI ≥125 g/m² (H) or ≥110 g/m² (F))
• �Intima-media thickness of the common carotid artery > 0.9 mm or plaque
• �Aortic stiffness PWV > 10 m/s
• �Ankle-brachial SBP index < 0.9
• �eGFR <60 ml/min/1.73 m²
• �Increase in serum creatinine >15 mg/L (M) or >14 mg/L (F)
• �Microalbuminuria 30–300 mg/24 h or albumin/urinary creatinine ≥22 mg/g (M) or 31 mg/g (F)

Exclusion criteria

Cannot be included: 
• �Patients with normal ABPM or HBPM without treatment
• �Patients with secondary hypertension
• �Patients aged under 55 or over 75 years
• �Low-risk CV patients
• �Patients with severe chronic renal impairment [creatinine clearance (MDRD) < 30 ml/min/1.73 m2]
• �Patients with type I diabetes
• �Patients with severe disease threatening the vital prognosis in the short and medium terms
• �Patients who previously experienced a painful gynecomastia under spironolactone
• �Patients with alcohol dependence or excessive consumption of alcoholic beverages
• �Patients with a history of neurovascular disease or coronary heart disease in the previous 3 months
• �Patients with a history of acute or chronic heart failure (NYHA class III and IV)
• �Patients with unstable angina
• �AF less than 6 months
• �Patients with aortic stent
• �Patients with known aneurysms of the abdominal aorta
• �Patients with atrioventricular block second or third degree without pacemaker
• �Patients with severe chronic inflammatory disease
• �Patients with severe chronic infectious disease
• �Patients with progression of peripheral arterial disease
• �Patients whose pregnancy is known or which has no effective contraception if she is of childbearing age, or if she is breastfeeding
• �Patients who have expressed their opposition to participate in the protocol or have inability to understand or follow the protocol
• �Patients living too far from the place of investigation
• �Patients already participating in other drug research protocol

ISH, isolated systolic hypertension; LVMI, left ventricular mass index.
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2.5.  Duration of the Study

The follow-up study duration is 4 years, during which at least two 
visits are performed every year for each group (see Table 2 for 
detail). In the PWV group, one visit every 2 months is performed 
during the first 6 months in order to adjust treatments to PWV 
target of less than 10 m/s, and then every 6 months. In the conven-
tional group, visits will occur at least twice a year (Figure 1). 

At each of the follow-up visits, the following elements are recorded: 
Weight, height, waist circumference; Office SBP and DBP; Heart 
rate; Laboratory tests if required; Smoking; Ongoing treatments, 
including antihypertensive, lipid lowering, antidiabetic, and anti-
platelet drugs; Clinical events: Stroke, coronary events, peripheral 
artery events, hospitalisation for heart failure, kidney events, and 
sudden death.

Ambulatory blood pressure monitoring (or HBPM if ABPM is not 
available) is performed at baseline, after 6 months and at the end of 
the study. The last visit is similar to the follow-up visits, except that 
PWV, ABPM (or HBPM if ABPM is not possible) and laboratory 
tests are systematically performed regardless of the group to which 
the patient belongs.

2.6.  Blinding

Because SPARTE is an open-label study, blinding will apply for the 
endpoints in both groups (PWV group and conventional group). 
In the PWV group where PWV measurement is used to adjust 
the therapeutic strategy, both patients and investigators are aware 
of PWV values. In the control group, investigators and patients 
are blinded for PWV because PWV measurement is not used 
for adapting therapeutic strategy and only serves for comparing 
groups afterward.

All components of the primary outcomes of the study are adjudi-
cated in a blinded fashion (allocation group and PWV value) by the 

Table 2 | Time schedule of enrolment, interventions, assessments and visits of participants

Period Selection/
Inclusion Trial End of  

study

Visit 1 2 3* 4 5* 6 7* 8 9* ... 18
Month −1 à 0 2 4* 6 9* 12 16* 18 20* ... 48
Visit location C°HT or 

PWV centre
C°HT C°HT C°HT or 

PWV centre
C°HT C°HT or 

PWV centre
C°HT C°HT or 

PWV center
C°HT ... C°HT or 

PWV center
Informed consent X ...
Inclusion/exclusion criteria X ...
Randomisation X ...
Medical history X ...
Clinical examination X X X X X X X X ... X
ABPM or HBPM X X ... X
PWV measurement X1 XPWV XPWV XPWV ... X1

Laboratory tests X X* X* X* X* X* X* X* X* X*

Adverse events X X X X X X X ... X
Medication report X X X X X X X X ... X
eCRF X X* X* X X* X X* X X X
*all visits labelled as (*) are optional, in order to better adjust treatment, with a minimum of two visits per year (every 6 months). The measurement of cfPWV in the PWV group should 
be performed before the outpatient clinic, in order to better adjust the treatment. C°HT, outpatient clinic; Centre PWV, PWCV can be measured in another centre than the outpatient 
clinic; X*, As required by the investigator; PWV measurement:  XPWV, every 6 months for the PWV group only; X1, PWV at V1, V10 (24 months) and V18 (48 months) for the conven-
tional group.

Endpoint Adjudication Committee (EAC). The Clinical Research 
Unit (CRU) of Hopital Europeen Georges Pompidou (HEGP) in 
Paris serves as coordinating center and sends all outcome docu-
mentations to each of the three EAC experts (D.C., G.C. and N.D.). 
In case of discrepancy, a face-to-face meeting or a teleconference 
is organised by the Paris CRU in order to reach a consensus. Only 
validated outcomes will enter the final data analysis.

2.7.  Interventions

In the conventional group: no specific therapeutic strategy is 
done other than those included as mandatory in the ESH–ESC 
guidelines for the management of hypertension. The objective is 
to bring BP below 140/90 mmHg [16], targeting 130–139 mmHg 
for SBP and 80–85 mmHg for DBP [16]. These guidelines are 
followed not only for antihypertensive treatment but also for 
caring about other risk factors, in addition to other interna-
tional guidelines.

In the PWV group, the objective is to bring PWV below the target 
of 10 m/s [7]. For that purpose, antihypertensive treatment is 
adjusted and CV risk factors corrected until normalisation of 
PWV. More specifically, in patients with controlled BP, the first 
goal is to normalise PWV. In patients with high BP, the first goal 
is to normalise BP, and then to adjust treatment for normalising 
PWV. Indeed, as discussed below, PWV can be reduced through 
both acute BP reduction (passive destiffening) and long-term BP 
reduction (arterial remodeling). In those patients, is it important to 
take into account the time delay between the normalisation of BP 
and that of PWV. This delay can reach several months [23]. Of note, 
the two goals (normalising BP or normalising PWV) could have 
overlapped since the therapeutic strategy used for normalising BP 
is also effective for normalising PWV beyond BP.

Therapeutic means to be used in the PWV group are detailed 
below in Table 3. The therapeutic strategy puts into application 
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Table 3 | Therapeutic strategy in the PWV group

There are two possibilities
I.  BP is controlled at entry

see II.b.2
II. BP is not controlled at entry
II.a. First step
The first objective is to target a BP < 140 and < 90 mmHg, in the range 130–140 mmHg SBP and 80–85 mmHg,
Combination therapy for all: 

• ��favour ACEI (or ARB) + CCB
• ��but also Diuretic (DIU) + ACEI or DIU + ARB or DIU + CCB
• �avoid beta-blocker
• ��no ACEI + ARB combination

II.b. Second step
II.b.1. Either BP remains not controlled
Use a triple combination: DIU + ACEI (or ARB) + CCB
And then, if BP is still not controlled or side effects occur, as third step:

• ��go to the highest recommended doses of ACEI (ex. perindopril 10 mg) or ARB (irbesartan 300 mg), within the combination
• ��and/or add a vasodilating beta-blocker (if no compelling indication for a non VD-BB): celiprolol 200 mg or nebivolol 5 mg
• ��and/or increase the dose of HCTZ to 25 mg/day or preferentially indapamide PR up to 1.5 mg

II.b.2. Or BP is controlled but PWV is not reduced/normalised
• �Take into account the time delay between previous modifications of treatment and the BP-independent reduction in PWV
• �Check with ABPM/HBPM that there is no masked hypertension
• �Check that a combination therapy has been prescribed:

• �favour ACEI (or ARB) + CCB
• �but also DIU + ACEI or DIU + ARB or DIU + CCB
• �avoid beta-blocker
• �no ACEI + ARB combination

• �If at least 3 months have passed since the last intensification of treatment and if there is no masked hypertension, go to the highest recommended 
doses of ACEI (ex. perindopril 10 mg) or ARB (ex. irbesartan 300 mg) within the combination

• �And then, if PWV is still not significantly reduced
• �as step 3, increase the dose of HCTZ up to 25 mg/day or, preferentially indapamide PR up to 1.5 mg
• �and then, as step 4: according to kaliemia: either add a vasodilating beta-blocker (if no compelling indication for a non VD-BB): celiprolol 200 mg or 

nebivolol 5 mg; or add spironolactone 12.5 mg then 25 mg
• �and then, as step 5: add a loop DIU, or an alpha-blocker, or rilmenidine

Anytime, if BP is too low, go back one or more steps

HCTZ, hydrochlorothiazide.

the results of several pharmacological studies comparing the 
efficacy of various pharmacological classes for lowering arterial 
stiffness independently of BP reduction. Several studies unequiv-
ocally showed that antihypertensive drugs are able to reduce 
arterial stiffness and/or wave reflections independently of the 
reduction in brachial BP, for instance after acute calcium chan-
nel blocker administration [31], after long-term ACE inhibition 
by perindopril [22] or trandolapril [26], and after long-term 
angiotensin-receptor blockade by valsartan [30] or olmesartan 
[25]. In addition, the antialdosterone drug spironolactone is able 
to reduce arterial stiffness beyond BP reduction [28]. Several 
reviews have concluded that Renin–Angiotensin System (RAS) 
blockers and Calcium Channel Blockers (CCB) are more potent 
than betablockers and diuretics for reducing arterial stiffness 
beyond BP reduction [24,32].

Combinations therapy using a RAS blocker (ACEI or ARB) and 
a CCB is recommended as first step, according to the 2007 ESH–
ESC Guidelines for the management of hypertension [16], for a 
more effective control of BP. Regarding their effects on the arterial 
wall, the evidence originates mainly from studies on central BP. 
The following combinations have demonstrated their effectiveness 
for lowering central BP in the CAFE study [33] using the perindopril/ 
amlodipine combination, the EXPLOR study using the valsartan/

amlodipine combination [30], and the Japan-combined treatment 
with olmesartan and a calcium channel blocker versus olmesar-
tan and diuretics randomized efficacy study (J-CORE) using the  
olmesartan/azelnidipine combination [34]. In the J-CORE study 
[34], the reduction in PWV was twice larger after olmesartan/
azelnidipine than after olmesartan/hydrochlorothiazide. When a 
diuretic is indicated, indapamide should be preferred. This is based 
on the results of the preterax in regression of arterial stiffness in 
a controlled double-blind study (REASON), testing the effective-
ness of the perindopril/indapamide combination on central SBP 
and PWV, compared to atenolol alone [35,36].

Beta-blockers are used as 4th line therapy, unless compelling indi-
cation. Each time betablockers are necessitated, a vasodilating 
one is used if no elective indication for a non-vasodilating beta-
blocker exists (heart failure, atrial fibrillation, etc…). Vasodilating 
beta-blockers, such as nebivolol [37] or celiprolol [38,39], are pre-
ferred for their neutral or positive effect on central BP. Non vaso-
dilating beta-blockers, such as atenolol should be avoided, since 
this pharmacological class has shown deleterious effect on central 
BP, arterial stiffness [32,35], small artery remodeling [40], and left  
ventricular hypertrophy [41,42]. However, vasodilating beta-
blockers are indicated only as 4th step, since a pro-fibrotic effect on 
the arterial wall cannot be excluded on the long term [39].
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Spironolactone is used as an alternative to BB as 4th line therapy.

Anytime, in case of poor treatment tolerance (for instance if BP 
is too low, or adverse reaction, or orthostatic hypotension), a step 
down is authorized.

Other CV risk factors are corrected according to international 
guidelines, in particular:

•• smoking cessation, associated if necessary, by support for smok-
ing cessation

•• �limited salt intake (NaCl) up to 6 g/day

•• �weight reduction in overweight patients, to maintain BMI (body 
mass index) below 25 kg/m², or, failing that, to achieve a 10% 
reduction of the initial weight

•• �regular physical activity, tailored to the patient’s clinical condi-
tion, at least about 30 min three times a week

•• �limited alcohol intake to less than three glasses of wine or equiv-
alent per day in men and two glasses of wine or equivalent per 
day for women;

•• �diet rich in vegetables, fruits and low in saturated fat (animal 
fat).

�Oral antidiabetic agents, lipid lowering agents and antiplatelet 
agents are used as recommended by international guidelines.

2.8.  Outcomes

2.8.1.  Primary endpoint

The primary endpoint is a combined endpoint including first CV 
events, fatal or not: Stroke, coronary event [Myocardial Infarction 
(MI), angioplasty, bypass], Peripheral Artery Disease (PAD) (angio-
plasty, bypass, amputation), hospitalization for heart failure, aortic 
dissection, Chronic Kidney Disease (CKD) (doubling of creatinine, 
dialysis), sudden death. Patients who have presented an event are 
followed according to the methods recommended by learned soci-
eties and/or the French Ministry of Health guidelines. Recurring 
events are recorded and validated by an independent committee. 
On purpose, are not included Transient Ischemic Attack (TIA) and 
new onset of atrial fibrillation.

2.8.2.  Secondary endpoints

•• “Restricted” combined endpoint, including fatal CV events and 
non-fatal MI and stroke.

•• All individual components included in the combined endpoint 
are analysed separately: stroke, coronary event (MI, angioplasty, 
bypass), PAD (angioplasty, bypass, amputation), hospitalization 
for heart failure, aortic dissection, CKD (doubling of creatinine, 
dialysis), sudden death.

•• Percentage of normalization of the PWV at the end of study in 
each group.

•• �Values of PWV, central BP [SBP and Pulse Pressure (PP)] and 
AIx at the end of study.

•• �Time-course changes in brachial BP (SBP, DBP, mean blood 
pressure (MBP) and PP) measured at office, at home, and during 
PWV measurement sessions; in central SBP, PP and AIx; in PWV; 
in Ambulatory BP (24 h, day, and night SBP and DBP); and in 
biological parameters (particularly GFR estimated by MDRD).

•• �Time-course changes in the risk of fatal cardiovascular events 
(annually evaluated by the European Systematic COronary Risk 
Evaluation [SCORE]) [43] and “fatal + non-fatal” events (estimated 
by the Framingham equation) [44].

•• �Time-course changes in treatments, in terms of pharmacological 
classes and doses (estimated as low, medium and high).

All clinical events are judged by an independent EAC blinded 
to the group. Clinical endpoints are prespecified with a detailed 
description in order to help physicians to report endpoints and 
to allow experts of the EAC to confirm or rule out diagnosis. 
The first qualifying event is used for morbidity and mortality 
analysis. Each of the events of the combined endpoint are vali-
dated by the EAC. The values of PWV, central BP, brachial BP, 
ABPM and HBPM are established as set out in the Protocol. It 
is the same for biological values, European scores (SCORE) and 
Framingham risk scores.

2.9.  Sample Size and Power Consideration

The sample size calculation has been performed using nQuery 
Advisor® 5.0 (Statistical Solutions, Saugus, MA, USA). A propor-
tion test was used as an approximate estimation for the sample 
size calculation (two-sided Z-test with unpooled variance). The 
sample size of the study has been calculated from the main criteria 
(combined endpoint): stroke + coronary events (MI, angioplasty, 
bypass) + PAD (angioplasty, bypass, amputation) + hospitalization 
from congestive heart failure + aortic dissection + doubling plasma 
creatinine + end stage renal disease + sudden death.

Considering a yearly incidence of the combined endpoint of 10% 
per year, a 20% risk reduction by the therapeutic strategy targeting 
PWV, a 4-year follow-up period and an alpha risk of 5%, a sample 
size of 1500 patients per group gave a power high enough for ana-
lysing both the combined endpoint and the “restricted” combined 
endpoint including fatal and non-fatal MI and strokes. A detailed 
explanation is given below.

According to the Cardio-Sis [18], ACCORD [17], and STENO 
[45,46] studies, one can reasonably estimate an incidence of com-
posite events in the SPARTE study of about 10% per year, and 
their reduction through targeted strategy on PWV 20%. On this 
basis, we calculated the following estimates after a 4-year follow-up 
period. A sample size of 1500 patients per group provides a high 
power (99%) for analysing the composite primary endpoint, and 
an acceptable power (70%) for the “restricted” endpoint (fatal and 
non-fatal stroke or MI), thus allowing performing a subgroup anal-
ysis with a reasonable power (Table 4).

2.10.  Data Collection

The study uses an Electronic Case Report Forms [eCRF (CleanWeb, 
Telemedicine Technologies)]. All information required by the  
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Table 4 | Prediction of primary endpoint

N  
patients

N events 
control

N events 
intervention Difference Power Alpha

250 100 80 20 0.46 0.05
500 200 160 40 0.75 0.05
750 300 240 60 0.9 0.05
1000 400 320 80 0.96 0.05
1250 500 400 100 0.98 0.05
1500 600 480 120 0.99 0.05

Prediction of fatal CV events and non-fatal MI and stroke
250 40 32 8 0.17 0.05
500 80 64 16 0.30 0.05
750 120 96 24 0.42 0.05
1000 160 128 32 0.53 0.05
1250 200 160 40 0.62 0.05
1500 240 192 48 0.70 0.05

protocol is recorded on the eCRF. The data collected and stored 
outside eCRF (source data) is transcribed in the notebooks accu-
rately and completely. Any handwritten note on the source data is 
dated, marked by initials and signed. An explanation is provided 
for each missing data. Erroneous data found on paper documents 
is clearly crossed and new data is copied next to the barred infor-
mation, accompanied by the initials, date, and optionally a justifi-
cation by the investigator or an authorized person who has made 
the correction.

2.11.  Data Management

Data management is performed by the CRU of HEGP. A list of the 
variables of the study size operational data model is developed by 
the CRU, in connection with the study investigators. This list will 
allow the development by the CRU of data collection specifications 
and computerized database (PostgreSQL format) where data is 
entered after quality control. A data-management plan, developed 
jointly by the data-manager, the investigator and the senior statisti-
cian are implemented. After correction of errors, the database will 
be frozen for statistical analysis.

2.12.  Statistical Analysis

The descriptive analysis is carried out as follows: number of values, 
mean (standard deviation) or median (25% and 75% percentiles) 
for the quantitative variables; and numbers (percentages) for cat-
egorical variables. A flow diagram (flow chart) will be provided as 
recommended by the Consort Statement [47] including the num-
bers of eligible patients randomized, and the numbers of patients 
who fully comply with the protocol, left the study or are lost to  
follow-up. The major protocol deviations and study output patterns 
will be described.

The analysis will be performed according to the intention to treat 
principle, keeping patients in their randomization group, and 
including protocol violations. We will perform a “per protocol” sen-
sitivity analysis including only patients who fully complied with the 
protocol. The estimate of survival (overall and progression-free) 
will be done through the method of Kaplan and Meier. The  
primary analysis will focus on the combined primary criterion.  

All components of the primary outcome will be analysed separately. 
For clinical criteria, effect sizes will be estimated by the hazard ratio 
calculated with a Cox proportional hazard model, after verification 
of the hypothesis of proportionality of hazards. All estimates will 
be provided with their 95% confidence intervals. For other end-
points (PWV changes during protocol for instance), mixed models 
with time as within-, and group as between-effect, and meaning-
ful covariates (BP changes for instance) will be used. Significance 
will be fixed at p < 0.05. Analyses will be performed using the SAS 
software version 9.4 (SAS Institute Inc., Cary, NC, USA) under the 
responsibility of Prof. Gilles Chatellier, CRU Coordinator at HEGP.

2.13.  Ethical Considerations

The SPARTE study protocol has initially received approval by the 
Ethics Committee central pulse pressure (CPP) of Ile-de-France 
XI, on June 14th 2012, that is applicable to all participating cen-
ters. This is an investigator generated and driven study and as 
such is performed in full independence of the study sponsors, i.e. 
“Assistance Publique-Hôpitaux de Paris, Direction de la Recherche 
Clinique et du Développement”, and “FRHTA”.

According to the bioethics laws, the investigator has the obliga-
tion to inform the patients before their recruitment for clinical 
research studies, even if these studies are common clinical care. In 
accordance with the local rules, the information of patients par-
ticipating to research is ensured with a written document previ-
ously validated by the Ethics committee. The investigator from the 
center offers the patient to participate in the study, orally informs 
him/her about the modalities of the study and deliver him/her the 
information note. The investigator mentions the “non-opposition” 
in the patient’s medical record in case of acceptance to participate. 
In case of refuse, this information will also be mentioned there 
(and the patient will not be included). When the study is com-
pleted, the participating patient may be informed of the overall 
results of this research in a manner that is specified in the infor-
mation document.

According to the French bioethics law, there is no need of 
informed consent here because the SPARTE protocol is aiming 
at evaluating usual clinical care, by comparing two therapeutic 
approaches using therapeutic means and drugs already recom-
mended by national or international guidelines, without added 
risk and with few constraints. Indeed, the algorithm for intensi-
fying antihypertensive treatment in the PWV group is in accor-
dance with the French guidelines, issued by the French Ministry 
of Health, Haute Autorité de Santé [48]. An informed consent 
would have been required if, for instance, the protocol would 
have included a novel drug.

2.14.  Progress of the Study

The first patient was included on July 26, 2013. The last patient-
last visit occurred on January 26, 2020. The inclusion rate and con-
sequently the total number of patients were lower than expected 
because of competing protocols in several centers. The protocol is 
currently being replicated in Poland (Prof. Krzysztof Narkiewicz, 
Gdansk University) and in Portugal (Prof. Pedro Cunha, Guimaraes-
Minho University).
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