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ABSTRACT: The SPARTE study (Strategy for Preventing cardiovascular and renal events based on ARTErial stiffness; URL:
https://www.clinicaltrials.gov; Unique identifier: NCT02617238) is a multicenter open-label randomized controlled trial
with blinded end point evaluation, undertaken at 25 French research centers in university hospitals. Patients with primary
hypertension were randomly assigned (1:1) to a therapeutic strategy targeting the normalization of carotid-femoral pulse wave
velocity (PWV) measured every 6 months (PWV group, n=264) versus a classical therapeutic strategy only implementing the
European Guidelines for Hypertension Treatment (conventional group, n=272). In the PWV group, the therapeutic strategy
used preferably a combination of ACE (angiotensin-converting enzyme) inhibitor or angiotensin receptor blocker and calcium
channel blockers, as well as maximal recommended doses of ACE inhibitors and angiotensin receptor blockers. The primary
outcome was a combined end point including particularly stroke and coronary events. Secondary outcomes included the
time-course changes in brachial office blood pressure (BP), ambulatory BR, PWV, and treatments. After a median follow-up of
48.3 months, there was no significant between-group difference in primary outcome (hazard ratio, 0.74 [95% Cl, 0.40-1.38],
P=0.35). In the PWV group, combinations of renin-angiotensin-system blockers and calcium channel blockers were prescribed
at higher dosage (P=0.028), office and ambulatory systolic blood pressure and diastolic blood pressure decreased more
(A<0.001 and A<0.01, respectively), and PWV increased less (FP=0.0003) than in the conventional group. The SPARTE study
lacked sufficient statistical power to demonstrate its primary outcome. However, it demonstrated that a PWV-driven treatment
for hypertension enables to further reduce office and ambulatory systolic blood pressure and diastolic blood pressure and
prevent vascular aging in patients with hypertension at medium-to-very-high risk, compared with strict application of guidelines.
(Hypertension. 2021;78:996-995. DOI: 10.1161/HYPERTENSIONAHA.121.17579.) e Data Supplement
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organ damage increases cardiovascular risk, inde-
pendently of blood pressure (BP). However, treat-
ment of hypertension is essentially targeted toward
lowering BP, most (but not all) studies demonstrat-
ing a reduction in cardiovascular and renal complica-
tions."””® By comparison, very few studies have tested

I n patients with hypertension, hypertension mediated

whether reducing hypertension mediated organ dam-
age translated into a reduction of cardiovascular and
renal complications beyond BP reduction. Those
studies mainly focused on the regression of left ven-
tricular hypertrophy (LVH) measured by either ECG or
echocardiography*® and the reduction in urinary albu-
min excretion.b=® Thus, LVH and, to a lesser extent,
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Novelty and Significance

What Is New?

+ First attempt to demonstrate that arterial stiffness is a
surrogate end point for cardiovascular disease.

¢ Multicenter open-label randomized controlled trial with
blinded end point evaluation.

What Is Relevant?

+ Aortic stiffness is an integrator of all damages done to
the arterial wall during previous years by hypertension
and other cardiovascular risk factors.

Summary

A pulse wave velocity normalization driven strategy
did not result in a statistically significant reduction
in cardiovascular outcomes despite significant treat-
ment intensification, reduction in office and ambula-
tory blood pressures, and prevention of vascular aging,
compared with usual blood pressure driven therapeu-
tic strategy.

Nonstandard Abbreviations and Acronyms

ACE angiotensin-converting enzyme

Alx augmentation index

BP blood pressure

ccB calcium channel blockers

DBP diastolic blood pressure

ESC European Society of Cardiology

ESH European Society of Hypertension

HR hazard ratio

ITT intention to treat

LVH left ventricular hypertrophy

PWV pulse wave velocity

RAS renin angiotensin system

SBP systolic blood pressure

SPARTE Strategy for Preventing Cardiovascular
andRenalEventsBasedonArterial Stiffness

urinary albumin excretion could be qualified as true
surrogate end points.®

Whether arterial stiffness is a surrogate, end point
for cardiovascular disease has never been directly dem-
onstrated by a controlled clinical trial. Arterial stiffening
is the most characteristic clinical feature of the aging
process of the arterial system.”®"" Arterial stiffness
increases also with hypertension and corresponds to the
loss of arterial compliance and changes in large artery
wall properties.’”>”'* Stiff large arteries insufficiently
dampen the pulsatility of ventricular ejection, thus high
pulsatile pressure and flow are transmitted downstream
to the kidney and brain, damaging these organs.’?"'* In
addition, the backward pulse wave returning to the heart
increases the cardiac workload and generates LVH."
The measurement of aortic stiffness is considered as an
integrator of all damages done to the arterial wall during
previous years in response to both classical cardiovas-
cular risk factors and poorly identified risk factors, thus
allowing to detect early vascular aging.'®'"6.17
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In a 2006 consensus document,'® the measurement
of carotid-femoral pulse wave velocity (PWV) was consid-
ered as a gold standard for the measurement of arterial
stiffness. Other authors have shown not only the impor-
tance of PWV as an intermediate end point for cardiovas-
cular disease and hypertension mediated organ damage'®
but also the association between regression of PWV and
regression of LVH.?° The repeated demonstration of the
predictive value of carotid-femoral PWV for cardiovascu-
lar events?'~?* led to its inclusion in the 2013 and 2018
European Society of Hypertension (ESH)/European
Society of Cardiology (ESC) Guidelines for the Manage-
ment of Hypertension.?? In a position article from the ESC
working group on peripheral circulation,® carotid-femoral
PWV was considered as close to being considered a clini-
cal surrogate end point. A 2019 Consensus Document
of the ESC places arterial stiffness at the core vascular
pathological changes leading to cardiac disease.?® Finally,
a recent call to action of the Lancet Commission on
Hypertension?” addressed the global burden of raised BP
through a life-course strategy based on the quantification
of early vascular ageing, best performed by the measure-
ment of carotid-femoral PWV.10

We set up the SPARTE trial as a (Strategy for Prevent-
ing Cardiovascular and Renal Events Based on Arterial
Stiffness).?® We hypothesized that a therapeutic strategy
targeting the normalization of arterial stiffness in addition
to the implementation of the 2007 ESC—ESH Hyperten-
sion Guidelines' would reduce more cardiovascular and
renal events compared with the unique implementation
of the 2007 ESC-ESH Hypertension Guidelines (current
Guidelines at the time of the beginning of the study). Our
secondary objectives were to demonstrate that monitor-
ing vascular aging through repeated PWV measurements
would result in better intensification of treatment, better
prevention of vascular aging, and better control of BP.

METHODS

The authors declare that all supporting data are available within
the article and in the Data Supplement.
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Study Design and Participants

The design and methods of the SPARTE study (URL: https://
www.clinicaltrials.gov; Unique identifier: NCT02617238) have
been described in details previously.?® Briefly, SPARTE is a
multicenter, prospective, open-label randomized controlled trial
with blinded end point evaluation (Prospective, Randomized,
Open, Blinded End Point design), undertaken at 25 French
hypertension centers in university hospitals (Table S1 in the
Data Supplement). The coordinating center, which served as
a data and biostatistical core center, supervised randomization
and inclusion of patients. Patients were adults with primary
hypertension, aged 55 to 75 years at inclusion, at medium-to-
very high cardiovascular risk, according to the 2007 ESH-ESC
Guidelines for the management of hypertension." Participants
were randomly assigned (1:1) to 2 groups: intervention group
aiming at normalization of PWV through a prespecified ther-
apeutic strategy (PWV group) and a control group where
ESH-ESC Guidelines were applied, without reference to PWV
(conventional group; Figure S1).

Inclusion and exclusion criteria for enrolment (Tables S2
and S3), randomization list, clinical and biological investigation
at inclusion, methods for measurement of PWV and central BP,
and time schedule of enrolment, interventions, assessments
and visits of participants, have been previously detailed?®
Criteria for qualifying at medium to very high risk were, in addi-
tion to grade 1 or 2 hypertension, the presence of at least 3
cardiovascular risk factors or any of the following: metabolic
syndrome, type 2 diabetes, target organ damage, cardiovascu-
lar disease, chronic kidney disease, grade 3 hypertension, iso-
lated systolic hypertension (Tables S4 and Sb).

Study Measurements

In both groups, attended seated office BP was measured during
each visit, using validated semi-automatic oscillometric medical
devices (see Appendix). Ambulatory BP monitoring was per-
formed at baseline and at 6 and 48 months. All ambulatory
BP monitoring were performed using brachial cuffs, and rec-
ommendations were made to use Omron monitors. Home BP
monitoring was encouraged but not mandatory. Carotid-femoral
PWV, central BF, and augmentation index (Alx)'®%° were mea-
sured by applanation tonometry using the Sphygmocor device
(Atcor Medical, Sydney, Australia) as described previously.30%!
Aortic BP was estimated after calibration to mean and diastolic
brachial pressures (radial tonometry). The follow-up study dura-
tion was 4 years, during which 2 scheduled clinical visits were
performed per year for both groups. Additional visits could be
performed when deemed necessary as standard of care.

In the intervention PWV group, bimonthly visits were per-
formed during the first 6 months during which treatments were
adjusted to target a PWV of <10 m/s. Then PWV (as well as
central BP and Alx) was monitored every 6 months. If target
PWV of 10 m/s could not be reached after 6 months, treat-
ments were further adjusted at each scheduled visit.

In the conventional group, visits occurred every 6 months.
PWV (as well as central BP and Alx) was measured at base-
line, 2 years and 4 years. In the PWV group, both patients
and investigators were aware of PWV values. In the control
group, investigators and patients were strictly blinded for
PWV because the results of PWV measurements (performed
every 2 years) were masked, thus were not used for adapting
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therapeutic strategy and only served for comparing groups
afterwards. Because SPARTE was an open-label study, blind-
ing applied for the adjudicated end points in both groups
(PWV and conventional groups).

Study Interventions

The primary aim in both groups was to control BP and risk fac-
tors according to guidelines. The difference between groups
was mainly based on intensification and priority of drug-treat-
ment and nonpharmacological interventions, driven by PWV in
the intervention group and by BP in the conventional group.
Because treatment was intensified based on PWV, we took
great care not to over-treat patients. Drugs could be stepped
down, even if PWV was uncontrolled, if BP was too low and in
case of intolerance, notably orthostatic hypotension.

In the conventional group, we applied mandatory procedures
from the 2007 ESH-ESC Guidelines for the Management of
Hypertension.! The objective was to bring office BP below
140/90 mmHg, targeting 130 to 139 mmHg for systolic BP
(SBP), and 80 to 85 mmHg for diastolic BP (DBP). We also
used targets adapted to daytime ambulatory BP monitoring
(135/85 mmHg). International Guidelines were followed for
caring about other risk factors such as diabetes and dyslipid-
emia, as standard of care.

In the PWV group, the objective was to bring PWV below the
target of 10 m/s.29%° For that purpose, nonpharmacological mea-
sures and antihypertensive treatment were adjusted and cardio-
vascular risk factors corrected until normalization of PWV (Tables
S6 and S7). Therapeutic means to be used in the PWV group, and
their pharmacological rationale have been previously described
in detail.?® In brief, nonpharmacological therapies (physical exer-
cise, dietary measures) were actively implemented at each visit.
Combination therapy using a renin angiotensin system (RAS)-
blocker (ACE [angiotensin-converting enzyme] inhibitor or
angiotensin receptor blocker)®2-%¢ and a calcium channel blocker
(CCB)®*3¢ was recommended as first step.3"%® When a diuretic
was indicated, indapamide was preferred.3*“° If BP was not con-
trolled despite a triple combination (ACE inhibitor/angiotensin
receptor blocker+CCB-+diuretic, second step), or side effects
occurred, the third step was to go to the highest recommended
doses of ACE inhibitor or angiotensin receptor blocker within the
combination.?®38 Betablockers (preferably vasodilating)*! were
used as fourth line therapy, unless compelling indication. 3394243
Spironolactone could also be used as fourth line therapy.** As in
the conventional group, other cardiovascular risk factors were
taken care of according to international guidelines, using non-
pharmacological measures, oral antidiabetic agents, lipid-lower-
ing agents, and antiplatelet agents, as indicated.

Study Outcomes

The primary outcome was a combined end point including
stroke and coronary events (myocardial infarction, angioplasty,
bypass), fatal or not, peripheral artery disease (angioplasty,
bypass, amputation), hospitalization for heart failure, aortic dis-
section, chronic kidney disease (doubling of creatinine, dialy-
sis), and sudden death. On purpose, were not included transient
ischemic attack and new onset of atrial fibrillation. The end
point adjudication committee?® adjudicated all components of
the primary outcomes of the study in a blinded fashion (alloca-
tion group and PWV value).

October 2021 985

=
=
=
m
=
==
—
w
=
-
-
—
m
oD
wn




o
(7]
L
—3
L
(T
[
o
—
=
(==
L
—_
-
=<

Laurent et al

Secondary outcomes, planned for a prespecified statistical
analysis,?® included the following: a restricted combined end
point, including fatal cardiovascular events and nonfatal myo-
cardial infarction and stroke; all individual components included
in the combined end point; the time-course changes in brachial
office and ambulatory BF, PWV, and central BP; and the time-
course changes in treatments, in terms of pharmacological
class, number of medications and dose.

Statistics

The sample size of the study was calculated from the main
criteria (combined end point). A proportion test was used as
an approximate estimation for the sample size calculation
(2-sided Z test with unpooled variance). Considering a yearly
incidence of the combined end point of 10% per year, a 20%
risk reduction by the therapeutic strategy targeting PWV, a
4-year follow-up period and an a risk of 5%, a sample size of
750 patients per group gave a 90% power for analyzing the
combined end point.

The statistical analysis was performed according to the
intention to treat (ITT) principle keeping patients in their ran-
domization group and including protocol violations, and spe-
cifically in the modified ITT population, defined as all subjects
who had been randomized and had available data for the cal-
culation of the primary end point, that is, patients without any
follow-up were excluded from the modified ITT population. A
per-protocol sensitivity analysis including only patients who
fully complied with the protocol was also performed. The pri-
mary analysis focused on the combined primary outcome. In
addition, all components of the primary outcome were analyzed
separately. Survival analysis was used to calculate the time to
the first cardiovascular or renal event. Survival curves were
estimated by the Kaplan Meier method, with therapies groups
compared with the use of the log-rank test. Therapy effect was
estimated using Cox proportional-hazard model, after verifica-
tion of the hypothesis of proportionality of hazards. Categories
of cardiovascular risk were also included in the Cox model as
a covariate (stratification factor of randomization). Proportional-
hazard assumption was tested using Schoenfeld residuals. All
estimates were provided with their 95% Cls.

A repeated-measures mixed model testing group effect,
time effect, and group-time interaction was used to analyze
the following variables over time: office SBP, DBP, and haz-
ard ratio (HR; at inclusion, 6, 12, 18, 24, 30, 36, 42, and 48
months); ambulatory daytime, night-time, and 24-hour SBR,
DBP and HR (at inclusion, 6 and 48 months); and PWV, central
SBP, DBP, and HR, and Alx (at inclusion, 24, and 48 months).
Significance was fixed at A<0.05.

We also used a latent variable modeling (and in particular
linear growth curve modeling) to analyze time-varying vari-
ables, using the R package lavaan. Missing data were han-
dled by full information maximum likelihood: all the available
data for each individual were used in obtaining a likelihood
function for that person, thus allowing incorporating missing
observations: the procedure is embedded in the lavaan pack-
age. A linear model was chosen after visual inspection of the
data. Office SBP and DBP (mean of three measurements)
were analyzed at inclusion visit, 6, 12, 18, 24, 30, 36, 42,
and 48 months. Twenty-four hours SBP and 24-hourDBP
were analyzed at inclusion visit, 6 and 48 months. Central
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SBP and DBP and Alx were analyzed at inclusion visit, 24
and 48 months. A model with 2 latent variables (BP at inclu-
sion and slope) was considered. PWV was analyzed at the
inclusion visit, at 24 and 48 months. First, a model with 2
latent variables was considered: intercept (PWV at inclusion)
and slope (biannual rate of PWV change from inclusion to 48
months visit), with treatment arm as a covariate. Then, mean
BP (central pulse pressure/3+DBP) at the 3 visits was added
as time-varying covariate too, to investigate BP-independent
differences in linear growth between treatment arm.

To detect differences in antihypertensive treatment strate-
gies between conventional and PWV treatment group, a similar
procedure (latent variable modeling, linear growth curve model-
ing) was used to analyze time-varying variables at all available
visits (0, 6, 12, 24, 30, 36, 42, and 48 months, real dates). The
following treatment-related time-varying variables were used:
number of BP-lowering drugs; treatment intensity score, cal-
culated by assigning to each administered drug a coefficient
indicating the dosage (1, low; 2, average; and 3, high); and
treatment intensity score referring only to RAS-blockers and
calcium channel blockers. The percentage of patients treated
with @ RAS-blocker+CCB combination in each treatment arm
and visit was compared by general linear models (factors: visit,
treatment arm, visitxtreatment arm). Similar analyses were used
for detecting differences in lipid lowering and antidiabetic treat-
ments. Analyses were performed using the SAS (SAS Institute,
Cary, NC; software version 9.4) and Rstudio (Version 1.2.5042).

All trajectories over time of treatment intensification, BP
and PWV, have been obtained with latent variable analysis.
Data obtained with the repeated measure mixed model are
presented in the Data Supplement.

Role of Funding Sources and Ethical
Considerations

The SPARTE study protocol has received approval by the Ethics
Committee (CPP) of lle-de-France XI, on June 14, 20192, that
was applicable to all participating centers. This was an investi-
gator generated and driven study and as such was performed
in full independence of the study sponsors, that is, Assistance
Publique-Hbépitaux de Paris, Direction de la Recherche Clinique
et du Développement, and Fondation pour la Recherche en
Hypertension Artérielle.

According to the French bioethics law, the patient consent
was not required because the SPARTE protocol was aiming
at evaluating usual clinical care, by comparing 2 therapeutic
approaches using therapeutic means and drugs already rec-
ommended by National*® or International Guidelines,'™® without
added risk and with few constraints. However, patients were
duly informed, and required to express their nonopposition to
participate to the protocol.

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 consequently the total number of patients were lower
than expected because of competing protocols in study cen-
ters and insufficient financial support. In January 2016, the
steering committee decided to stop the recruitment, in order
not to jeopardize the study, and to complete the 4 years follow-
up of all patients.

Hypertension. 2021;78:983-995. DOI: 10.1161/HYPERTENSIONAHA.121.17579
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RESULTS

Study Participants and Enrolment

A total of 536 participants were enrolled in the study
(264 in the PWV group and 272 in the conventional
group) between July 2013 and January 2020 (Fig-
ure 1) with a median follow-up of 48.3 months (inter-
quartile range, 46.6-49.8; modified ITT population).

Normalization of Arterial Stiffness and Outcomes

The median follow-up (interquartile range) did not differ
between groups: 48.3 (45.9-49.7) versus 48.3 (47.1-
49.8). Descriptive baseline statistics are presented in
Table 1. Patients were young elderly (65 years old), 2/3
were males, most of them were at high to very high risk.
Indeed, all were hypertensive with good BP control at
entry (134/77 mmHg at office, similar at ambulatory BP
monitoring) with 2.5 antihypertensive drugs. More than

547 Patients assessed for eligibility

3 Excluded
- Not meeting inclusion/exclusion

r

criteria n=2
= Unknown n=1

‘ 544 Underwent randomization

|

'

}

267 Were assigned to PWV
therapy
(Intention-to-treat
population)

277 Were assigned to
conventional Therapy
(Intention-to-treat

3 Excluded

- Not meeting inclusion/
exclusion criteria n=1

- Missing follow-up visits n=2

v

264 Were assigned to PWV
therapy
(Modified intention-to-
treat population)

population)
5 Excluded
- Not meeting inclusion/
exclusion criteria n=1
- Missing follow-up visits n=4
Y
272 Were assigned to

conventional Therapy
(Modified intention-to-treat
population)

40 Excluded

- Not meeting inclusion/
exclusion criteria n=4*

- Missing PWN at inclusion
n=81

- >50% of missing PWV
during follow-up visits n=28

A

17 Excluded
- Not meeting inclusion/
exclusion criteria n=1

- Missing PWV at inclusion 5,
n=16

h 4

k.

224 Patients treated with
PWV therapy with no major
deviations
(Per-protocol population)

255 Patients treated with
conventional therapy with no
major deviations
(Per-protocol population)

Figure 1. Eligibility, randomization, and follow-up.

The intention-to-treat (ITT) population was defined as all subjects who were randomized. The modified ITT (mITT) population was defined as all
subjects who have been randomized and have available data for the calculation of the primary end point, that is, patients without any follow-
up were excluded from the mITT population. The per-protocol (PP) population was defined as the set of subjects who did not have any major
protocol violation that may interfere with primary criteria evaluation. PWV indicates pulse wave velocity.
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Table 1. Baseline Characteristics of the Study Participants

Conventional
group (n=272)

PWV group
Characteristic (n=264)

Criterion for increased cardiovascular risk, n (%)

Age, y 65.0 (6.0) 65.2 (5.5)

ESH-ESC cardiovascular risk

Medium cardiovascular risk 34 (12.8%) 38 (14.0%)

High cardiovascular risk 157 (59.5%) 160 (58.8%)

Very high cardiovascular risk 73 (27.7%) 74 (27.2%)

Type 2 diabetes, n (%) 96 (36.4%) 102 (37.5%)

Dyslipidemia, n (%) 218 (82.9%) 224 (82.4%)

Cardiovascular disease, n (%) 66 (25.0%) 60 (22.1%)

Smokers, current (%) 26 (9.8%) 28 (10.5%)

Female sex, n (%) 102 (38.6%) 97 (35.7%)

Baseline office blood pressure

Systolic, mmHg 133.6 (17.1) 134.2 (15.5)

Diastolic, mmHg 76.4 (10.4) 775 (10.4)

SBP <140 mmHg and DBP <90
mmHg, n (%)

177 (67.0%) 182 (67.2%)

Ambulatory blood pressure monitoring

Day SBP, nmHg 134.9 (12.8) 133.0 (11.5)
Day DBP, mmHg 79.6 (9.1) 78.4 (8.5)
Pulse wave velocity, m/s 9.9 (2.3) 10.0 (2.5)

Pulse wave velocity >10 m/s, n (%) 107 (42.0%) 106 (41.4%)

Central blood pressure

Central SBP, mmHg 126.6 (16.2) 128.1 (16.4)
Central DBP, mmHg 776 (11.2) 78.0 (10.3)
Central PP, mmHg 49.4 (12.5) 50.1 (13.4)
Biology
Serum creatinine, mg/dL 0.93 (0.23) 0.97 (0.28)
Estimated GFR, mL/min per 1.73 m? 79.7 (19.1) 80.2 (22.2)
Fasting total cholesterol, mg/dL 181 (42) 181 (44)
Fasting HDL cholesterol, mg/dL 53 (16) 54 (17)
Fasting LDL cholesterol, mg/dL 102 (35) 100 (35)
Fasting triglycerides, mg/dL 128 (71) 130 (78)
Fasting plasma glucose, mg/dL 116 (32) 119 (47)
Body mass index 28.4 (4.6) 28.5 (4.8)
Antihypertensive agents, n/patient 2.6 (1.1) 2.5(1.1)

Use of antihypertensive agents, n (%) 261 (99.6%) 270 (99.3%)

Use of diuretics, n (%) 144 (54.5%) 153 (56.3%)

Use of ACE inhibitor, n (%) 87 (33.0%) 89 (32.7%)

Use of ARB, n (%) 152 (57.6%) 153 (56.3%)

Use of CCB, n (%) 154 (58.3%) 171 (62.9%)

Use of betablockers, n (%) 84 (31.8%) 79 (29.0%)

Use of lipid-lowering agents, n (%) 189 (72.1%) 183 (67.3%)

Lipid-lowering agents, n/patient 1.1 (0.3) 1.1 (0.3)

Use of antidiabetic agents, n (%) 90 (34.4%) 99 (36.7%)

Antidiabetic agents, n/patient 1.9 (0.9) 1.8 (0.8)

Use of antiplatelet agents, n (%) 138 (53.3%) 134 (49.4%)

Values are given as means (SD). There were no significant differences (R<0.05)
between the 2 groups. To convert the values for creatinine to micromoles per liter, multiply
by 88.4. To convert the values for cholesterol to millimoles per liter, multiply by 0.02586.
To convert the values for triglycerides to millimoles per liter, multiply by 0.01129. To con-
vert the values for glucose to millimoles per liter, multiply by 0.05551. ACE indicates
angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB, calcium channel
blockers; DBP, diastolic blood pressure; ESH-ESC, European Society of Hypertension-
European Society of Cardiology; GFR, glomerular filtration rate; HDL high-density lipo-
protein; LDL, low-density lipoprotein; PP, pulse pressure; and SBF, systolic blood pressure.

The body mass index is the weight in kilograms divided by the square of the height
in meters.
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80% had dyslipidemia, 1/3 were diabetics, 1/4 had pre-
viously known cardiovascular disease. Baseline charac-
teristics were well balanced between groups.

Clinical Outcomes

Forty-one participants qualified for a primary outcome
event: 17 (1.6% per year) in the PWV group and 24 (2.2%
per year) in the conventional group, in the modified ITT
analysis. The HR was 0.74, however not significant (95%
Cl, 0.40-1.38; P=0.35; Figure 2, Table 2). Results were
similar when adjusted on cardiovascular risk (HR, 0.73
[95% Cl, 0.39-1.36]; A=0.32; Table 2). As prespecified,
we stratified the survival analysis according to the level
of cardiovascular risk (medium, high, and very-high) on
the whole population (independently of treatment group).
Because no event was observed for the patients with
medium cardiovascular risk, those patients were pooled
with high cardiovascular risk. Patients at medium-+high
cardiovascular risk had lower risk of presenting the pri-
mary outcome than very-high cardiovascular risk patients
(HR, 0.46 [95% CI, 0.256-0.86], P=0.012; Figure S2).
Patients at medium+high cardiovascular risk had similar
rates of primary outcome whether they were random-
ized to PWV monitoring (11 events), or in the conven-
tional group (12 events; HR, 0.99 [95% Cl, 0.44-2.24],
P=0.97; Figure S3A). A similar analysis performed in
patients at very high cardiovascular risk showed that 6
events (2.0% per year) were observed in the PWV group
and 12 events (4.0% per year) were observed in the con-
ventional group (HR, 0.49 [95% ClI, 0.19-1.32]; ~=0.16;
Figure S3B). Events contributing to the primary end point
in the total study population and the very-high risk sub-
population are given in Tables S8 and S9, respectively.
In addition, we tested the interaction (not prespecified)
between treatment groups (PWV or conventional) and
the value of PWV at baseline (PWV> or <10 m/s). This
interaction was not statistically significant. Finally, no sig-
nificant between-group difference was observed across
prespecified secondary outcomes including restricted
outcomes (fatal or nonfatal myocardial infarction or
stroke) and the individual components of the primary
outcome (Table 2). Results were similar considering the
per-protocol population

Intensification of Treatment

The number of BP-lowering drugs and the treatment
intensity score increased over time in the PWV-based
group (P=0.004 and £<0.001, respectively), but not in
the conventional group (P=0.161 and P=0.271, respec-
tively). Although the proportion of patients treated
with a RAS-blocker+CCB combination remained
unchanged over time in the 2 treatment groups (Fig-
ure S4A), their dosage (similar at inclusion) was pro-
gressively increased over time in the PWV-based but
not in the conventional treatment group (P=0.007 and
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Conventional 272 261 254 243 235 229 219 209 154

P=0.808, respectively). Thus, the trajectories of RAS-  Office and Ambulatory Blood Pressure
blocker+CCB combination treatment intensity score Changes With Treatment

significantly diverged during follow-up (P=0.028; Fig- , . _ _
ure S4B), in favor of the PWV group. Whereas office SBP and DBP were similar at inclusion

in the 2 treatment arms, their trajectories over time were

There were no significant differences between groups e . .
significantly different (P=0.001 for both), with a greater

in lipid lowering and antidiabetic drugs.

Table 2. Primary and Secondary Outcomes

PWV group, No. of Conventional group,

Outcome patients (%) No. of patients (%) | Hazard ratio (95% CI) | P value
All participants N=264 N=272
Primary outcome*
Unadjusted 17 (6.4) 24 (8.8) 0.74 (0.40-1.38) 0.35
Adjusted on CV riskt 17 (6.4) 24 (8.8) 0.73 (0.39-1.36) 0.32

Secondary outcomes

Restricted outcome# 8 (3.0) 6 (2.2) 1.42 (0.49-4.10) 0.51
Coronary events 8 (3.0) 16 (5.8) 0.56 (0.24-1.32) 0.19
Stroke 3(1.1) 2 (0.8) 1.62 (0.27-9.68) 0.60
Hospitalization for heart failure 2 (0.8) 2 (0.8) 1.08 (0.15-7.65) 0.94
Peripheral artery disease 4 (1.5) 3(1.1) 1.43 (0.32-6.37) 0.64
Death from cardiovascular causes | 2 (0.8) 1(0.4) 2.12 (0.19-23.40) 0.54
Participants with very high CV risk N=73 N=74
Primary outcome 6 (8.2) 12 (16.2) 0.49 (0.19-1.32) 0.16

Are not presented: doubling of creatinine which occurred in only one patient (conventional group); dialysis and aortic dissection
which occurred in no patient. CV indicates cardiovascular; and PWV, pulse wave velocity.

“The primary outcome was the first occurrence of stroke, 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.

tCV risk, that is, medium, high, and very high.

$The restricted outcome was the first occurrence of fatal or nonfatal myocardial infarction or stroke.
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reduction rate in the PWV group than in the conventional
group (SBP, —1.08 mmHg/y versus —0.10 mmHg/y;
DBP, —1.34 mmHg/y versus —0.61 mmHg/y; Figures 3
and Sb). A repeated-measures mixed model testing
group effect, time effect, and group-time interaction gave
similar results (Table S10).

The trajectories of 24-hour SBP and DBP were sig-
nificantly different, with a greater reduction rate in the
PWV group than in the conventional group (24-hour
SBP, —1.41 mmHg/y versus —0.21 mmHg/y; 24-hour
DBPR, —1.04 mmHg/y versus —0.32 mmHg/y; P=0.004
and P=0.005, respectively). A repeated-measures mixed
model testing group effect, time effect, and group-time
interaction gave similar results (Table S11).

PWV Changes With Treatment

PWV was similar at inclusion in the 2 treatment arms,
however, PWV trajectories over time were significantly
different (P=0.012; Figure 4). In the conventional arm,
PWV increased with a rate of 0.20 m/s/y (F=0.001). This
increase was independent from baseline PWV (F=0.916).
In the PWV arm, the PWV increase rate was not significant
(0.06 m/s/y, P=0.140). The difference between groups
remained significant after adjusting for mean BP as

Normalization of Arterial Stiffness and Outcomes

time-varying covariate (adjusted PWV increase rate differ-
ence 0.14 m/s/y, P=0.041). Central SBP and DBP (but
not Alx) significantly decreased during the course of the
study. However, we did not observe any significant differ-
ence between groups for these parameters (Table S12).

Adverse Events

A total of 84 adverse events (42 versus 49, in the PWV
and conventional groups, respectively) were observed in
64 patients (33 versus 31, in the PWV and conventional
groups, respectively) in the modified ITT population, with
no significant difference between groups (Tables S13
and S14). There was no excess of hypotension episodes
in the PWV group (Table S14). No syncope occurred. We
did not observe renal failure.

DISCUSSION

The SPARTE study was designed to test the hypothesis
that, in addition to following guidelines in comparison with
following guidelines alone for the management of medium
to very-high risk hypertensive patients, targeting PWV is
accompanied by a significant reduction of combined car-
diovascular events. Even though there was a reduction in

1401

e

Figure 3. Whereas office systolic
J, blood pressure (SBP) were similar

| at inclusion in the two treatment
arms, their trajectories over time
were significantly different (P=0.001),
with a greater reduction rate in the
pulse wave velocity (PWV) group (in
red) than in the conventional group
(in blue): —1.08 mmHg/y vs —0.10
mm Hg/y, respectively.
Dots indicate mean values, error bars
indicate SDs, lines indicate fitting
smoothing spline curves with 95% Cls
in gray. Trajectories over time have been
obtained with latent variable analysis.
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Figure 4. Trajectories of pulse wave
velocity (PWV) in the conventional (in
blue) and in the PWV-based (in red)
treatment arm.

In the conventional arm, PWV increased
with a rate of 0.20 m/s/y (P=0.001). In
the PWV arm, the PWV increase rate was
not significant (0.06 m/s/y, P=0.140).
Whereas PWV was similar at inclusion in
the 2 treatment arms, PWV trajectories
over time were significantly different
(P=0.012). Dots indicate mean values.
Lines indicate fitting smoothing spline
curves with 95% Cls in gray. Trajectories
over time have been obtained with latent
variable analysis.
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the HR of the combined primary outcome (0.74), its 95% ClI
was large (0.40-1.38), and the difference between the 2
treatment strategies was not significant (F=0.35). Indeed,
the number of patients included in the study was much
lower than that initially planned and the number of total
events was small (total of 41 events), both decreasing the
statistical power of the study. Nevertheless, it showed that
a therapeutic strategy targeting PWV values lower than 10
m/s, (based on intensification of treatment with high-dose
RAS-blockers and CCBs) is associated with a better BP
control and is effective in the prevention of vascular aging.
This result is obtained without increasing adverse events.

Clinical Outcomes

The SPARTE trial lacked sufficient statistical power to
demonstrate a greater reduction in cardiovascular events
in the PWV-based compared with the conventional treat-
ment arm. Three main reasons can be identified. First, the
SPARTE study included about three times less patients
than initially planned (536 instead of 1500), due to com-
peting protocols in study centers and insufficient financial
support. Second, the yearly incidence of the primary end
point was lower than estimated (10%) in the protocol®
from the Cardio-Sis,*® ACCORD (Action to Control Car-
diovascular Risk in Diabetes),” and STENO (Effect of a
Multifactorial Intervention on Mortality in Type 2 Diabetes)*®

Hypertension. 2021;78:983-995. DOI: 10.1161/HYPERTENSIONAHA.121.17579

studies. Indeed, it was only 2.2% in the conventional group
as a whole, and 4% in very-high risk patients of this group.
Indeed, not all patients of the SPARTE study had LVH or
diabetes. Third, the number of cardiovascular deaths which
occurred during the SPARTE study was twice lower than
predicted from individual Systematic Coronary Risk Evalu-
ation (ie, 4 versus 9).° Similarly, the number of fatal and
nonfatal cardiovascular events which occurred during
the SPARTE study was twice lower than predicted from
individual Framingham risk scores (ie, 24 versus 51).°
Thus, even if cardiovascular risk was distributed as initially
planned (medium risk, 14% of patients; high risk, 59%j;
very high risk, 27%), a cohort effect may have played a
role in reducing cardiovascular risk in the SPARTE popula-
tion >10 years after the establishment of risk formulas by
the SCORE and Framingham equations, as shown in many
contemporary studies.®! In addition, patients of the SPARTE
study were closely followed-up and treated in hypertension
centers of University Hospitals, and this may have contrib-
uted to reduce the risk of cardiovascular complications.
The largest individual outcome difference between
the PWV and conventional groups was observed in coro-
nary angioplasty (Tables 2 and S8), although this was
not significant. In that regard, it is important to note that
although indications of coronary angioplasty in France
are driven by demonstrated cardiac ischemia, they can
still be considered as physician-dependent. However,
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they were similar in the 2 groups, per the PROBE blinded
end point Committee.

The reduction of primary outcome rate observed
in the PWV-based treatment arm was in line with our
working hypothesis (—25% versus —20%, respectively)
and even larger in very-high risk patients (—=519%). This
suggests that, based on the exploratory findings of the
SPARTE study, larger, adequately powered studies can
be set up, to finally demonstrate effectiveness of the pro-
posed treatment strategy (PWV-based rather than BP-
based) in patients with primary hypertension. In addition,
some protocol modifications and simplifications could be
suggested. An alternative strategy would be to include
patients at very high cardiovascular risk or patients with
a PWV that is elevated above that expected for age.
Another important issue is whether a trial directed at
lowering BP to a lower target in individuals with elevated
PWV at baseline might have produced similar results.

Intensification of Treatment, PWV, and BP

The number of antihypertensive drugs and their dosages
(ie, treatment intensity score) increased more over time in
the PWV-based than in the conventional treatment group,
a change mostly driven by titration of RAS-blocker+CCB
combination. As a consequence, office and ambulatory SBP
and DBP decreased significantly more and PWV increased
significantly less in the PWV group than in the conventional
group. The PWV difference between groups remained sig-
nificant after adding mean BP as time-varying covariate.
Thus, the intensification of treatment allowed to reduce
arterial stiffness independently of BP reduction, as we and
other have already demonstrated in small size randomized
clinical trials.227%° Because there were no significant differ-
ences in other therapeutic strategies (nonpharmacological,
lipid lowering, antidiabetic treatment), it is very likely that
the intensification of antihypertensive drugs (increased use
of RAS blockers+CCB combinations at optimal dosages)
explains the reduction of arterial stiffening, that is, the pre-
vention of vascular aging in the PWV group.

While the importance of the RAS-blocker+CCB com-
bination has been later acknowledged by the 2018 ESC/
ESH Guidelines,® our data point to an extra benefit, in term
of BP control and hypertension mediated organ damage,
when highest recommended doses are used. If supported
by larger studies, this result may change routine hyperten-
sion management, since a significant improvement was
observed between the trajectories of treatment strategies
with quantifiable benefit. Finally, treatment intensification
was well tolerated, and we did not observe more adverse
events in the PWV intervention group.

SPARTE Study Versus Observational and
Longitudinal Studies

This is the first time that PWV was measured every 6
months for such a long period of time (4 years) in such a

992  October 2021

Normalization of Arterial Stiffness and Outcomes

large group of patients. The prevention of vascular aging
was large, since PWV did not significantly increase in
the PWV intervention group, whereas it increased by 0.2
m/s/y in the control group, leading to a 1.0 m/s increase
at the end of the trial. In the conventional group, but not
in the PWV group, the PWV increase rate is consistent
with data from cross-sectional®®®? and longitudinal stud-
ies®® which included patients at low-to-high risk. Our
results are also consistent with a recent analysis of the
SPRINT (Systolic Blood Pressure Intervention Trial)-
HEART study® in 337 patients who benefited from a
measurement of cfPWV and aortic elastance at baseline
and after 18 months follow-up.

In the PWV group of the SPARTE study, the nonsig-
nificant rate of increase in PWV (0.06 m/s/y) suggests
that the treatment strategy prevented vascular aging,
which was lowered to values observed in low-risk com-
munity dwelling volunteers®™ for at least the duration
of the study. The relationship between arterial stiffness
and BP is bidirectional, since any increase in BP can
mechanically increase arterial stiffness, and conversely
an increase in arterial stiffness is known to increase the
probability of incident of hypertension.®® Thus, the sus-
tained increase in arterial stiffness in the conventional
group may explain why SBP did not decrease and the
reduction in office DBP plateaued after 18 months at a
higher level than in the PWV group.

Considerations for Clinical Practice

An important finding of the SPARTE study is that it is pos-
sible to further lower BP in patients that were considered,
for most of them, as having controlled BP. Indeed, office
SBP and DBP at baseline were 134 and 77 mmHg, and
67% of patients had <140 and 90 mmHg. The lack of
SBP reduction and the limited DBP reduction in the con-
ventional group demonstrate that targeting the normaliza-
tion of office BP within the 130 to 139/80 to 85 mmHg
range is not effective enough in clinical practice, as lately
suggested by the SPRINT trial5” At variance with, and
beyond SPRINT, SPARTE study adds as an original con-
tribution the importance of maximizing doses of de-stiff-
ening drugs (such as RAS-blockers and CCBs), targeting
the normalization of arterial stiffness through repeated
PWV measurements and using these measurements
as a tool for therapeutic education and sensitization of
patients and physicians to treatment intensification.

Another important finding is that the intensification of
antihypertensive treatment could reduce arterial stiffness
and prevent arterial aging not only through BP lower-
ing, but also independently of BP reduction, that is, likely
through long-term arterial remodeling.®2~*' Thus, the pre-
vention of cardiovascular complications may require not
only a good BP control, but also an effective prevention
of arterial aging through adequate therapeutic measures
including lifestyle changes and intensification of de-stiff-
ening drugs, such as RAS-blockers and CCBs.
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Strengths and Limitations

This study has a number of strengths: this is the first
attempt to demonstrate that arterial stiffness is a sur-
rogate end point for cardiovascular disease. SPARTE is
an intervention trial, performed according to the stan-
dards of clinical trials, with long follow-up (4 years)
during which repeated measurements of various param-
eters were performed. The study included a mechanis-
tic approach through the quantification of treatment
intensification, PWV changes and BP lowering, as
causal mechanisms for the reduction of outcomes. The
therapeutic strategy in the PWV group was based on a
strong pharmacological rational.

However, SPARTE has limitations. The main limita-
tion is that despite continuing efforts, the recruitment in
SPARTE did not reach the expected numbers, resulting
in an underpowered study for the primary end point, that
is, clinical outcomes. In addition, as a general concern,
the question may arise for future studies, when there are
2 colinear cardiovascular risk factors (PWV and SBP),
how much the contribution of lower SBP, relative to PWV,
made to outcomes.

Perspectives

The SPARTE study has broad implications. First, the
present findings can be considered as exploratory ones
to plan larger, adequately powered studies aiming at
demonstrating the effectiveness of the proposed treat-
ment strategy (PWV-based rather than BP-based) in
patients with primary hypertension. Second, if the reduc-
tion of outcomes appears significant in replicated stud-
ies, it would be possible to demonstrate a therapeutic
link between the various steps of our primary hypothesis:
intensification of treatment, that is, maximizing doses of
de-stiffening drugs such as RAS-blockers and CCBs;
reduction of arterial stiffness independently from BP;
and reduction of outcomes. Thus, the proof of concept
that arterial stiffness is a true surrogate end point would
be obtained. Third, from a routine clinical practice point
of view, repeated PWV measurements could be used
as a tool for therapeutic education and sensitization of
patients and physicians to treatment intensification and
ultimately better prevention of cardiovascular complica-
tions. Finally, clinical trials aiming at demonstrating that
arterial stiffness is a surrogate end point may target not
only specific hypertensive populations, for instance those
with elevated PWV or those at very-high cardiovascular
risk, but may also target diabetic patients through inten-
sification of antidiabetic treatment.

Conclusions

A PWV normalization driven strategy, compared with BP
driven strategy, did not result in a statistically significant
reduction in cardiovascular outcomes despite leading to
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significant treatment intensification, reduction in office
and ambulatory SBP and DBP, and prevention of vas-
cular aging. This study, which has been underpowered
for clinical events, should be replicated with a larger
number of patients.
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