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Background
Patients with type 2 diabetes (T2DM) have a 
10-year shorter life expectancy, mostly due to 
increased incidence of macro and microvascular 
disease.1 Vascular structural and functional dam-
age result from a set of mechanisms, from which 

stand out insulin resistance, inflammation and 
oxidative stress.2

Statins therapy in association with blood glucose 
and blood pressure control has been considered 
the central pillar for attenuating cardiovascular 
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Abstract
Background: Patients with type 2 diabetes mellitus (T2DM) remain at increased 
cardiovascular residual risk and endothelial dysfunction, even after optimizing metabolic 
control and treatment by sodium-glucose-2 transporter inhibitors (SGLT2-is). The present 
study was based on the hypothesis that proprotein convertase subtilisin/kexin 9 inhibitor 
(PCSK9i) therapy may mitigate endothelial dysfunction in T2DM patients who are on regular 
treatment by SGLT2-i.
Methods: The EXCEED-BHS3 is a prospective, single-center, investigator-blinded, open-label, 
randomized clinical trial. Participants (n = 110) will be randomized (1:1) to either empagliflozin 
25 mg/day alone or empagliflozin 25 mg/day plus evolocumab 140 mg every 2 weeks in 
addition to optimal medical care. The primary endpoint was defined as the change in the 
1-min flow-mediated dilation (FMD) after 16 weeks of treatment. The secondary endpoint 
is the FMD change after ischemia/reperfusion injury protocol (reserve FMD) after 16 weeks 
of treatment. Exploratory outcomes comprise the change in FMD and reserve FMD after 
8 weeks of treatment and the change after 16 weeks of treatment in the following parameters: 
plasma levels of nitric oxide, vascular cell adhesion molecule-1 and isoprostane, high-
density lipoprotein (HDL) and low-density lipoprotein subfractions profile, HDL function, blood 
pressure, body mass index, waist circumference and adipokines.
Conclusion: This will be the first study to evaluate the add-on effect of PCSK9i on endothelial 
function of T2DM patients under regular use of empagliflozin.
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(CV) risk in T2DM patients. Recently, proprotein 
convertase subtilisin/kexin 9 inhibitors (PCSK9is) 
emerged as highly effective cholesterol-lowering 
agents that reduce the CV risk even in patients 
with T2DM on statins.3 In spite of the intensive 
decrease in low-density lipoprotein (LDL) choles-
terol, these T2DM patients using PCSK9-i had a 
CV event rate >7%/year.3 In parallel, sodium-
glucose transporter-2 inhibitors (SGLT2-is) also 
reduce CV risk, regardless of glucose control.4–6 
Still, patients with T2DM using SGLT2-i remain 
at a CV event rate ⩾3%/year, particularly those in 
secondary prevention.4–6 Although the combined 
use of both classes of drugs can be additive in 
mitigating cardiovascular disease, there are no 
data available to support this hypothesis.

Endothelial dysfunction is one of the earliest man-
ifestations of both CV disease and T2DM, and 
is notably sensitive to the above mentioned patho-
physiological mechanisms related to T2DM.7,8 
Consistently, improved endothelial function is 
one of the earliest signs after preventive therapies.8 
Thus, endothelial function change has been used 
as an investigation tool to support hypotheses and 
justify more expensive clinical trials, aimed at clin-
ical outcomes.9 Flow-mediated dilation (FMD) 
became the method of choice to assess endothelial 
function due to non-invasiveness, close correlation 
with coronary endothelial function10 and its 
association with long-term incidence of coronary 
events.11 A substantial evolution of the method 
has been observed in recent years, largely obtained 
by improvements of the technology of image cap-
ture by ultrasound, automatic detection of lumi-
nal edges, use of probe-holders and blind offline 
analysis of exam recordings.12 At the same time, 
the concomitant assessment of plasma biomark-
ers of endothelial function strengthens the accu-
racy of the investigation.

A beneficial effect of SGLT2-i on FMD has been 
indicated in some studies in patients with type 1 
or type 2 diabetes mellitus.13–17 Although data 
from animal models indicated that the lack of 
PCSK9 would benefit endothelial cells,18 to the 
best of our knowledge, this is the first clinical trial 
to assess the impact of PCSK9-i on endothelial 
function. If a beneficial effect of PCSK9-i on the 
endothelium of patients with T2DM is proven, 
this effect will be clinically relevant only if these 
patients are under optimal medical treatment. 
Thus, the study was designed to test whether 

there is benefit in adding therapy with PCSK9-i 
in patients using SGLT2-i.

Methods

Study design and population
EXpanded Combination of Evolocumab plus 
Empagliflozin on Diabetes Trial (EXCEED-
BHS3 Trial) is a prospective, single-center, ran-
domized, investigator-blinded, open-labeled 
phase-4 trial, registered at the clinicaltrials.gov 
site under the number NCT03932721. Patients 
will be voluntarily screened after radio and 
internet advertisements. Clinical and laboratory 
analyses will be performed by the Atherosclerosis 
and Vascular Biology Laboratory (Atherolab) 
situated at the Clinical Research Center (CRC) 
at the University of Campinas (UNICAMP), 
Brazil. The description of the study design pro-
tocol follows the recommendation of SPIRIT 
statements.19

Selection criteria
Patients with T2DM regardless of the presence of 
macro- and microvascular complications, aged 
between 40 and 70 years, BMI <40 kg/m2 must 
meet the following inclusion criteria after a run-in 
phase: (i) glycated hemoglobin (HbA1c) between 
7% and 9% and no change in the use or dose of 
antidiabetic drugs for the last 12 weeks before 
randomization, (ii) LDL cholesterol (LDL-C) 
between 70 and 100 mg/dL in use of statin with or 
without ezetimibe for at least 120 days, (iii) blood 
pressure (BP) <140/90 mmHg and, for those 
with hypertension, no change in the antihyperten-
sive drugs in the last 12 weeks, and (iv) FMD 
between 1% and 12%.

Exclusion criteria are: (i) glucagon-like peptide-1 
agonist receptor, SGLT2-i or thiazolidinediones 
therapy in the last 4 months, (ii) plasma triglycer-
ides higher than 500 mg/dL, (iii) uncontrolled BP 
after use of three-drug classes, (iv) active smoking 
or smoking cessation in the 6 months before rand-
omization, (v) childbearing potential or pregnant 
woman, (vi) heart failure symptoms or left ventri-
cle ejection fraction <50%, as shown by echo-
cardiography, (vii) major cardiovascular events, 
such as myocardium infarction or stroke, within 
6 months prior to randomization, (viii) C-reactive 
protein (CRP) higher than 5 mg/dL, (ix) estimated 
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glomerular filtration rate <60 ml/min per 1.73 m2, 
(x) alcohol abuse, (xi) allergy to the study drugs.

Clinical care protocol
Figure 1 illustrates the EXCEED study protocol. 
The volunteers from the metropolitan region of 
Campinas, Brazil, will undergo preliminary eval-
uation by a telephone interview by the study coor-
dinator. After fulfillment of the initial criteria, the 
patients will be invited to a medical appointment 
during which an informed consent will be signed 
and screening FMD performed. If the FMD val-
ues are in the range of inclusion, blood samples 
will be collected for HbA1c, creatinine, urea, 
CRP, glutamic pyruvic transaminase, glutamic 
oxaloacetic transaminase, glycemia, thyroid-
stimulating hormone, total cholesterol (TC), 
high-density lipoprotein (HDL) and triglycerides 
(TG) measurements. Additionally, plasma ali-
quots will be stored in liquid nitrogen for poste-
rior analysis of adiponectin, leptin, resistin, retinol 
binding protein 4 (RBP4), vascular cell adhesion 
molecule 1 (VCAM-1) and isoprostane.

Selected patients will enter the run-in phase to 
undergo adjustments of glycemia, blood pressure 

(BP) and LDL-C, as specified in the inclusion 
criteria. For the glycemic target (HbA1c 7–9%), 
the first antidiabetic treatment will be metformin 
500–2000 mg/day (Glifage XR, Merck S.A., Brazil). 
If needed, sitagliptin 50–100 mg/day will be 
added (Nimegon, Schering-Plough S.A., Brazil) 
and as the third option gliclazide 30–120 mg/day 
(Azukon MR, Torrent-Pharma S.A., Brazil).20 
After randomization and addition of empagliflo-
zin, hypoglycemic symptoms will be systemati-
cally investigated and if observed and confirmed 
by glycemia, antidiabetic therapy will be adjusted, 
initially by reducing the dose or withdrawing gli-
clazide. If the adverse event persists despite the 
change in the therapy, the patient will be excluded 
from the study.

BP control will be attained as recommended by 
the American Diabetes Association.1 The first 
choice will be losartan 25–100 mg/day (Aradois, 
Biolab-Sanus S.A., Brazil). If needed, hydro-
chlorothiazide 25 mg/day (Clorana, Sanofi S.A., 
Brazil) will be prescribed and if BP remains 
uncontrolled hydralazine 25–100 mg/day would 
also be added (Apresolina, Novartis S.A., Brazil). 
After randomization, if there is a report of symp-
tomatic hypotension proven by measured blood 

Figure 1. Study flow diagram with timeline for each outcome.
FMD, flow-mediated dilation; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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pressure, the diuretic will be suspended. Statins 
will be prescribed to target LDL-C between 70 
and 100 mg/dL (Sinvacor, Baldacci S.A., Brazil, 
or Rosucor, Torrent Pharma S.A., Brazil).

BP
Oscillatory automatic BP measurement will be 
carried out twice during each visit, using the 
OMRON HEM-705CP device (Omron Healthcare, 
Japan), after at least 3 min of quiet resting. All 
patients will undergo a 24-h ambulatory blood 
pressure monitoring (24 h-AMBP) at the day of 
randomization and again at the end of the study 
(SpaceLabs, model 90207-8Q, USA) in the same 
arm using the same diameter cuff.

Analysis of endothelial function: FMD and 
reserve FMD
FMD will be evaluated in the same arm, at rand-
omization, in the eighth and 16th weeks by two 
experienced operators. Exam preparation includes 
a 12-h fast, and at least 24 h without ingesting 
xanthine, fatty or salt-enriched foods. Nitrate-
derived vasoactive drugs will be withdrawn at 
least 5 days before the exam.

After the volunteer has been resting at least 15 min 
in a quiet room with controlled temperature 
between 22 and 25°C, FMD will be performed 
using high-resolution ultrasound (Epiq CVX, 
Philips, Eindhoven, The Netherlands), according 
to the previously published guidelines.12 The bra-
chial artery will be scanned transversally slightly 
above the antecubital fossa. A 6–8 cm longitudi-
nal scan of the artery will be searched to find the 
best temporal, axial and lateral resolution and to 
identify the proximal and distal intima layer, aim-
ing to avoid artifacts. The ultrasound probe will 
then be fastened to a probe holder (Quipu, Pisa, 
Italy) to avoid movement, while the volunteer will 
remain motionless during the whole test.

The images will be continually recorded using 
a video capture device (Epiphan’s DVI2USB 
3.0™, Epiphan Video, Ottawa, Canada) con-
nected to a dedicated computer. A semi-automatic 
edge-detecting software will evaluate the base-
line, ischemia, hyperemia and dilation phases 
(LabVIEW 6.02, National Instruments). FMD 
is defined as the percentage of greatest dilation 
compared with the median baseline in 1 min 
after deflating the cuff. Other parameters to be 

evaluated include velocity-time integral in anter-
ograde and retrograde flow (determined by 
Doppler), dilation area under the curve (com-
pared with baseline area under the curve), 
ischemia area under the curve (compared with 
baseline area under the curve), time to maxi-
mum dilation, time to recover to baseline diam-
eter, time to return to basal flow, and shear-rate 
(4 times velocity divided by arterial diameter).

Two FMD assessments will be performed on the 
same day, separated by 15 min of resting and 
15 min of ischemia-reperfusion injury, followed 
by blood samples collection (Figure 2). The sec-
ond FMD is intended to estimate the vasomotor 
endothelial reserve after ischemia and reperfusion 
injury.

During each FMD protocol, blood samples will 
be collected for nitrite and nitrate (NOx) quanti-
fication at baseline, 1 and 5 min after brachial 
artery cuff deflation (Figure 2). Blood will be col-
lected at baseline, eighth and 16th weeks to assess 
the levels of endothelial biomarkers. VCAM-1 
and isoprostane in plasma samples will be evalu-
ated at both baseline FMD and FMD reserve.

Laboratory methodology
Resistin and RBP4 (Abundant Serum Markers 
26-Plex Human ProcartaPlex™ Panel, USA); 
omentin (BioVendor, BioCompare), VCAM-1 
(Invitrogen™ eBioscience™ ProcartaPlex Human 
VCAM-1 Simplex kit, USA) and isoprostane 
(8-Isoprostane ELISA Kit, Cayman Chemical 
Company, USA) will be assessed by enzyme-
linked immunosorbent assay (ELISA). Samples 
will be prepared following the manufacturer’s rec-
ommendations and absorbance measured using a 
microplate reader (Biotek EPOCH 2). Martin’s 
formula21 will be used to calculate LDL-C during 
the run-in phase. At randomization and at the end 
of the trial, lipid profile will be measured by gradi-
ent ultracentrifugation.

Continuous density gradient ultracentrifugation 
(CDGU) will be used to assess very low-density 
lipoprotein, LDL (subfractions 1–5) and HDL 
(subfractions 2a, 2b, 3a, 3b and 3c), using a rotor 
SW41Ti (Beckman Coulter, Brea, CA, USA). 
TC will be measured in each lipoprotein fraction 
by enzymatic methods (Cholesterol, Biotechnique, 
Minas Gerais, Brazil) in the biochemical analyzer 
SX-140 (Sinnowa, São Paulo, Brazil).
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For nitrite and nitrate (NOx) assessment, whole 
blood will be collected in sodium heparin tube, 
stored immediately on ice, centrifuged at 3500 
rev/min, at 4°C, for 3 min and serum aliquots 
stored in liquid nitrogen until analysis. Both will 
be measured by chemiluminescence (model 
NOA, Sievers Instruments, Boulder, CO, USA).

HDL cholesterol efflux capacity
HDL cholesterol efflux capacity (HDL CEC) will 
be evaluated using HDL isolated from plasma by 
CDGU as extracellular acceptors. Total HDL will 
be prepared by mixing all five HDL subfractions. 
HDL CEC will be evaluated by a standardized, 
widely used radioisotopic cell-based technique as 
previously described.22 In detail, total CEC will be 
evaluated in the J774 murine macrophage cell 
model (J774A.1 ATCC® TIB-67™), seeded in 
48-well plates in 10% fetal calf serum (FCS) con-
taining Dulbecco’s modified Eagle’s medium 
(DMEM) (both FCS and DMEM from Lonza, 
Verviers, Belgium) in the presence of antibiotics 

(penicillin–streptomycin from Thermo Fisher 
Scientific, Waltham, MA, USA). Cells will be 
labeled with 2 µCi/mL (1,2-3H) cholesterol 
(PerkinElmer, Waltham, MA, USA) for 24 h in 
the presence of 2 µg/mL of an inhibitor of the 
cholesterol esterifying enzyme acyl-coenzyme 
A: cholesterol acyltransferase (Sandoz 58035; 
Sigma-Aldrich, Milan, Italy), in order to allow 
all intracellular cholesterol to be in the free form. 
J774 cells will be incubated in the presence of a 
cAMP analogue (cpt-cAMP 0.3 mM; Sigma 
Aldrich), to induce the expression of the choles-
terol transporter ATP-binding cassette A1,23 in 
0.2% bovine serum albumin (BSA)-containing 
medium for 18 h (BSA from Sigma-Aldrich). 
Cells will be then exposed for 4 h to 12.5 µg/mL 
(in protein) HDL isolated from patients before 
and after treatment. Total HDL CEC will be 
expressed as the percentage of radiolabeled cho-
lesterol released into the medium over total radio-
activity incorporated by cells before the addition 
of extracellular acceptors (T0 cells). To check for 
adequate cell responsiveness, lipid-free human 

Figure 2. FMD protocol.
FMD, flow-mediated dilation; NOx, nitrite and nitrate; VCAM, vascular cell adhesion molecule.
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10 µg/mL apoA-I (Sigma-Aldrich) and 12.5 µg/mL 
of HDL isolated from a standard serum obtained 
from a pool of normolipidemic subjects will be 
tested in each assay. The obtained CEC values 
will be used to normalize the experiments between 
each other in order to correct for the inter-assay 
variability. Sample counting will be performed in 
a β-counter with automatic calibration, through 
an internal radioactive standard. To compare data 
from different experiments, a correction factor for 
the normalization will be obtained by dividing the 
efflux value of the standard HDL obtained in 
the first assay by the value of the standard HDL 
obtained in a given experiment.

HDL anti-inflammatory activity
Human umbilical vein endothelial cells 
(HUVECs) will be cultured in their own medium 
(DMEM, Gibco) supplemented with growth fac-
tors in a humidified atmosphere (37°C, 5% CO2), 
grown until confluence and kept at rest in medium 
containing 0.5% fetal bovine serum (FBS). For 
the assays, the cells will be resuspended in 6 mL 
of DMEM and trypsinized. Then, the trypsin will 
be neutralized with 6 mL of DMEM + 10% FBS, 
by centrifugation for 2 min at 1500 rev/min. After 
assessing cell viability, 0.1 to 0.3 × 105 cells/mL 
will be placed in each well with DMEM + 10% 
FBS with a total of 12 mL per well and incubated 
until confluence.

Initially, the cells will be incubated with HDL 
(final concentration of 25 μg total protein/mL) for 
1 h. Then, TNF-α (5 ng/mL) will be added and 
the HUVECs will be incubated for 3 h in a humid-
ified atmosphere (37°C, 5% CO2). At the end, 
700 μL of the supernatant will be removed to 
assess the levels of VCAM-1 (human VCAM-1 
ELISA kit, ECM340, Millipore, MA, USA).

Antioxidant activity of HDL
Total protein, TC, TG, phospholipids, free cho-
lesterol (FC) and ApoA-I contents will be deter-
mined using commercially available assays. The 
cholesteryl ester will be calculated by multiply-
ing the difference between the TC and the FC 
by 1.67.24 To verify the antioxidant activity of 
HDL, LDL (10 mg TC/dL) will be oxidized 
using 2,2'-azobis-(2-amidinopropane) hydrochlo-
ride (AAPH). Initially, PBS treated with Chelex 
500 ion-exchange resin at 1 g/L to remove transi-
tion metal ions will be added into microtubes. 

Then, LDL and HDL will be added to the 
respective tubes and, later, AAPH (final concen-
tration 1 mM). After homogenization, they will 
be transferred to a UV-Star microplate (Greiner 
Bio-One, Brazil) read in an Epoch 2 microplate 
reader (Biotek).

Drug dispensing, adherence and adverse 
effects
Patients will return monthly to a medical appoint-
ment for drug adherence evaluation and drug 
dispensing.

The incidence of adverse events (AEs) will be 
investigated every 15 days either by telephone call 
or during appointments. Those patients reporting 
AEs by the telephone interview will be asked to 
come for a medical appointment.

Data management plan
The clinical report form will be based on the 
Research Electronic Data Capture (REDCap) 
platform to store all clinical visits and exams dur-
ing the trial.25 Medical history and physical exam-
ination will be obtained during the following 
visits: screening, run-in, randomization, and 
every 4 weeks until the end of the study. The 
recorded videos of the entire FMD proceeding 
will be processed in MP4 format and stored in a 
dedicated storage rack of the UNICAMP data 
center. The investigators will perform a system-
atic routine of evaluation for medical assessments, 
ensuring homogeneity in data collection and case 
management. The principal investigator, Andrei 
C Sposito, is responsible for the data obtained 
and stored in this research and, together with the 
BHS-group, is also responsible for all analyses of 
the trial.

Randomization and follow-up
Randomization will be performed by a research 
team member, not involved with FMD execu-
tion, using built-in software from REDCap, strat-
ified by sex (male or female) and age (40–59 years 
old or 60–70 years old). Patients will be rand-
omized 1:1 into the following study arms: (i) 
empagliflozin 25 mg/day, in addition to optimal 
medical treatment or (ii) empagliflozin 25 mg/day 
plus evolocumab 140 mg every 2 weeks. Although 
there are similar decreases in cardiovascular 
events by empagliflozin 10 mg or 25 mg daily,4 we 
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opted for the highest dose, based on the reported 
improvement of endothelial dysfunction, as esti-
mated by FMD, with the higher dose.13

After randomization, the patients in the evo-
locumab group will return to the clinical research 
center every 15 days to receive this drug

Objectives and endpoints
The primary endpoint is the change in 1-min 
FMD from baseline to 16 weeks of treatment. 
The secondary endpoint is the change from 
baseline to 16 weeks in 1-min reserve FMD. 
Exploratory outcomes are: (i) change from base-
line to 8 weeks in 1-min FMD, (ii) change from 
baseline to 8 weeks in 1-min reserve FMD, (iii) 
change from baseline to 16 weeks in NO bioavail-
ability, VCAM-1 and isoprostane, (iv) change 
from baseline to 16 weeks in LDL and HDL sub-
fractions, (vii) change from baseline to 16 weeks 
in HDL function, (viii) change from baseline to 
16 weeks in BP, (ix) change in the body mass 
index (BMI) and waist circumference; (x) change 
in adipokines.

Sample size and statistical analysis
To the best of our knowledge, there is no previous 
study on the effect of anti-PCSK9 monoclonal 
antibodies on FMD. We selected a study with a 
high-dose statin that achieved a reduction in 
LDL-C close to the effect we will have after evo-
locumab treatment (±60%), in which FMD 
increased by 3.6 ± 2%.26 These data were hence 
used as estimate for sample size calculation and 
considering a two-tailed α value of 0.05 and β 
value of 95%, 53 patients will be required in each 
arm (G-Power Version 3.1.9.4). Taking into con-
sideration the dropout possibility, we will include 
55 patients in each arm.

Covariance analysis will be performed to evaluate 
a change in FMD at the 16th week of treatment. 
The assumptions of the analysis of covariance 
(ANCOVA) model (linearity, distribution of nor-
mality, and equality of variances) will be verified 
using histograms, residual scatter plots and nor-
mal probability graph. Age, sex and baseline FMD 
will be included as covariates in ANCOVA mod-
els. Adjustment of baseline values is necessary to 
allow regression to possible biases. Non-normal 
continuous variables will be transformed to cor-
rect for dispersions. We will check whether there 

is an interaction between the change in the out-
comes and the covariables age, sex, drugs in use, 
duration of diabetes and the previous manifesta-
tion macro- or microvascular. If there is a signifi-
cant interaction, we will perform ANCOVA 
adjusted for the identified variable. If the variables 
still persist as non-normal even after transforma-
tion, they will be analyzed using the Kruskal–
Wallis test. The gatekeeper approach will be used 
for the analysis of secondary outcomes. All explor-
atory outcomes will be assessed with a 95% confi-
dence interval.

Discussion
The emergence of SGLT2i has profoundly 
improved the landscape of T2DM prognosis, 
reducing both major adverse cardiovascular events 
(MACEs) and mortality.27 Accordingly, recent 
guidelines now recommend SGLT2-i as a treat-
ment of choice in high-risk patients.28 In parallel, 
a large number of data have supported the inten-
sive LDL-lowering treatment as a key piece in 
the prevention of MACE in T2DM.28 Recently, 
the FOURIER trial,3 with a large number of 
T2DM patients enrolled into a lipid-lowering 
study, demonstrated that the even more intensive 
reduction in LDL-C (about 30 mg/dL) by adding 
evolocumab onto statin or statin plus ezetimibe 
treatment (~5% of the cases) can further reduce 
15% of the risk of MACE.3

In spite of this substantial advance, the residual 
risk remains very high in patients with T2DM. 
Hence, the EXCEED trial was designed to verify 
whether the combined use of these two therapies 
can play an additive role in mitigating micro- and 
macrovascular function. As a fundamental step in 
the consolidation of plausibility that will serve as 
a basis for clinical studies with hard endpoints, 
EXCEED was designed using FMD as a surro-
gate outcome. The choice of this outcome was 
based on the precociousness of its change with 
therapy and the strong association with the inci-
dence of MACEs.

Consistent with the new guidelines12 for conduct-
ing FMD, we will continuously capture the diam-
eter of the brachial artery and the flow velocity 
during 5 min after deflating the cuff. In this way, 
we intend to discern any prolonged effects of evo-
locumab on the test, particularly on microvascu-
lar function. Indeed, the analysis of flow velocity 
5 min after cuff deflation has been shown to be a 
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better predictor of cardiovascular events than the 
isolated value of FMD in 1 min.29

Endothelial dysfunction commonly found in 
T2DM patients is exacerbated when ischemia 
and reperfusion (I/R) injury occurs and is one of 
the reasons for the greater extent of myocardial 
infarction.30 From the mechanistic standpoint, 
imbalance between constricting and relaxing fac-
tors derived from the endothelium, such as NO 
and endothelin-1, reduces arterial blood flow 
after reperfusion and aggravates ischemia.31 In 
this sense, we include as a secondary endpoint 
the assessment of reserve FMD after I/R to check 
whether there is benefit in this specific clinical 
condition.

In addition to assessing the impact of treatment 
with evolocumab on macro- and microvascular 
function, the EXCEED trial will assess its effect 
on the proportion of LDL and HDL subfractions. 
Well-validated HDL functions such as antioxi-
dant, anti-inflammatory activity32 and the capac-
ity to mediate cholesterol efflux33 will also be 
evaluated. The set of these analyses will help to 
estimate whether at least in part the benefit of the 
treatment stems from the qualitative change of 
lipid profile.

A large number of studies have indicated that 
changes in lipid metabolism itself can modulate 
several mechanisms involved in blood pressure 
regulation, such as endothelium-dependent 
vasodilation, secretion of vasoactive substances, 
cellular handling of calcium and sodium and 
autonomous cardiovascular control.34 Therefore, 
from a mechanistic point of view, dyslipidemia 
can predispose to an increased sensitivity to 
hypertensive stimuli or even induce the clinical 
manifestation in individuals with a pathophysi-
ological history favorable to the hypertension 
development. Other researchers and ourselves 
reported that lipid-lowering treatment with 
statins can improve blood pressure control.35,36 
To what extent this effect stems from effects 
dependent or independent of LDL-C levels in 
the bloodstream we do not know. Thus, evalua-
tion of 24-h AMBP change after evolocumab 
treatment was included as an exploratory end-
point to verify whether the association between 
BP and LDL-C also exists when lipid-lowering 
therapies other than statins are employed. The 
association between BP and PCSK9-i may also 

be related to adiposity. In fact, association has 
been reported between the excess weight and 
PCSK9 plasma concentration.37 A reciprocal 
interaction seems to exist since adiponectin 
inhibits the production of PCSK937 and PCSK9 
is involved in visceral adipose tissue expansion.38 
Hence, also the interaction between evolocumab 
treatment and the change in anthropometric and 
biological markers of adiposity will be explored.

The effect of monoclonal anti-PCSK9 antibodies 
on endothelial function is still unknown and, as 
such, a monotherapy study could directly clarify 
this knowledge gap. However, for the outcome 
of this clinical trial to become potentially clini-
cally relevant, treatment with evolocumab must 
prove beneficial in patients treated with the best 
available therapy. As the effect of SGLT2-i on 
improving FMD was previously reported39 and 
it will be once again measured in the control 
arm, we believe that we will be able to estimate 
the magnitude of the additive effect of evo-
locumab on SGLT2-i therapy and in this way 
test its potential benefit in an optimal scenario of 
T2DM treatment.

The present protocol still bears some limita-
tions. This will be a surrogate endpoint study, 
therefore could not be considered as an evidence 
for clinical practice change. The study will enroll 
a selected group of T2DM patients, thus the 
results cannot be extrapolated to a different sub-
set of individuals. Nevertheless, the study will 
shed light on a clinically relevant and current 
issue, allowing new studies to be outlined more 
clearly.

In conclusion, the EXCEED-BHS3 trial is 
designed to verify whether an additive effect exists 
between PCSK9-i and SGLT2-i in mitigating 
endothelial dysfunction in T2DM patients.
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