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ABSTRACT

Introduction: This prospective pharmacody-
namic (PD) study assessed the effect of the
sodium-glucose co-transporter-2 inhibitor
(SGLT2i), dapagliflozin, on platelet reactivity.
Methods: Patients with stable coronary artery
disease (CAD) and type 2 diabetes mellitus
(T2DM) (n = 27) who were on maintenance
dual antiplatelet therapy (DAPT) of aspirin
81 mg daily, and clopidogrel 75 mg daily were
recruited. Platelet function was evaluated with
the VerifyNowTM P2Y12 assay (Werfen, Bedford,
MA, USA) and assessed prior to initiation of and

after 10 days of treatment with dapagliflozin
10 mg once-daily dose regimen. Results were
compared with a paired t test.
Results: Treatment with dapagliflozin signifi-
cantly decreased P2Y12 reaction units (PRU) by
20%, (95% confidence interval (CI) 8.5–32.6%,
p value 0.002). The mean difference in PRU was
36.70 (95% CI 16.66–56.75). No patients expe-
rienced any serious adverse events (SAEs).
Conclusions: Significantly diminished platelet
reactivity was observed on dapagliflozin as
compared to without dapagliflozin. This dedi-
cated pharmacodynamic study could be poten-
tially informative and applicable for
Trinidadian stable CAD patients with T2DM on
DAPT. Further studies are required to confirm
these exploratory findings.
Clinical Trial Registration: EDGE ClinicalTri-
als.gov number NCT04400760.
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Key Summary Points

Why carry out this study?

Sodium-glucose cotransporter-2 inhibitors
(SGLT2i) have heralded a new paradigm in
the management of diabetes mellitus
(T2DM), heart failure (HF), and chronic
kidney disease (CKD).

In a recent study, significantly attenuated
platelet reactivity was observed on
empagliflozin as compared to without
empagliflozin.

Although this antiplatelet effect was
demonstrated with empagliflozin, the
question of whether this effect was either
class-specific with respect to the general
SGLT2i class or drug-specific to
empagliflozin remained unanswered.

What was learned from the study?

Significantly diminished platelet reactivity
was observed on dapagliflozin as
compared to without dapagliflozin.
Treatment with dapagliflozin significantly
decreased P2Y12 Reaction Units (PRU) by
20%. The mean difference in PRU was
36.7.

This dedicated pharmacodynamic study
could be potentially informative and
applicable for Trinidadian stable CAD
patients with T2DM on DAPT.

INTRODUCTION

Sodium-glucose cotransporter-2 inhibitors
(SGLT2i) have heralded a new paradigm in the
management of diabetes mellitus (T2DM), heart
failure (HF), and chronic kidney disease (CKD)
[1]. Recently, two seminal clinical trials; DAPA-
HF (Study to Evaluate the Effect of Dapagliflozin
on the Incidence of Worsening Heart Failure or
Cardiovascular Death in Patients With Chronic
Heart Failure) and EMPEROR-Reduced

(EMPagliflozin outcomE tRial in Patients With
chrOnic heaRt Failure With Reduced Ejection
Fraction) evaluating dapagliflozin and empa-
gliflozin, respectively, reduced the risk of car-
diovascular death and recurrent hospitalization
for heart failure (HHF) by almost 25% in
patients with heart failure with reduced ejection
fraction (HFrEF) [2, 3].

SGLT2 inhibition attenuates hyperglycemia
by inducing glucosuria [1]. Also, it promotes
diuresis, with subsequent weight loss and anti-
hypertensive effects [4]. There are also postu-
lated anti-fibrotic effects and accentuated
myocardial energetics efficiency [5]. In a recent
study by our Thrombosis in Trinidad (TNT)
group, The Effect of Empagliflozin on Platelet
Function Profiles in Patients with
Stable Coronary Artery Disease in Trinidad
(EFFECT), significantly attenuated platelet
reactivity was observed on empagliflozin as
compared to without empagliflozin [6].
Although this antiplatelet effect was demon-
strated with empagliflozin, the question of
whether this effect was either class-specific with
respect to the general SGLT2i class or drug-
specific to empagliflozin remained unanswered.
Therefore, we conducted this exploratory pilot
study to assess the antiplatelet pharmacody-
namic (PD) effect of dapagliflozin in a Trinida-
dian subpopulation with stable coronary artery
disease (CAD) and T2DM.

MATERIALS

Study Design and Patient Population

The study complied with the Declaration of
Helsinki, International Conference on Harmo-
nization, Good Clinical Practice, and was
approved by the Campus Research Ethics
Committee of the University of the West Indies,
St. Augustine, Trinidad [7]. All participants
provided written informed consent to partici-
pate in a prospective, open-label study that
assessed the effect of dapagliflozin 10 mg once
daily for 10 days. Patients were screened and
enrolled between May 2021 and July 2021 at the
cardiology outpatient clinic at our institution,
Trinidad Institute of Medical Technology
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(TIMT), Trinidad and Tobago. They were con-
sidered eligible for the study if they were above
18 years of age and awaiting elective percuta-
neous coronary intervention (PCI) or coronary
artery bypass grafting (CABG) on dual anti-
platelet therapy (DAPT) for at least 4 weeks with
aspirin 81 mg per day maintenance dose and
clopidogrel 75 mg per day maintenance dose
with T2DM. Exclusion criteria for this study
included an acute coronary syndrome (ACS)
within 6 months, active bleeding, prior hemor-
rhagic cerebrovascular event (CVE), clinical
instability after an index event, use of an oral
anticoagulation agent (warfarin derivative or
other anticoagulant therapy such as dabigatran,
rivaroxaban, apixaban, edoxaban), platelet
count\100 9 106/ll, hemoglobin\ 10 g/dl,
serum creatinine[ 1.5 mg/dl, patients on con-
current CYP 2C19 inhibitors, and CYP 3A4
inducers. They were followed up for 28 days
post-procedure after completing the study to
assess whether they experienced any adverse
events.

Blood Sampling and VerifyNowTM P2Y12

Testing

Clopidogrel was not administered on the
morning of their fasting scheduled visit
(8:00–9:00 am) (18–24 h before baseline blood
sampling), which ensured the determination of
clopidogrel-induced platelet reactivity (trough).
Blood samples were obtained at rest by antecu-
bital puncture using a 21-gauge needle and
placed into Vacuette (Greiner Bio-One North
America, Monroe, NC, USA) blood collecting
tubes containing 3.8% trisodium citrate
(#454322) after discarding the first 5 ml of
blood to avoid artifactual platelet activation.
Samples were processed by laboratory personnel
blinded to ongoing study data. The platelet
function assay utilized was the VerifyNowTM

P2Y12 (VN-P2Y12) assay (Werfen, Bedford, MA,
USA). The assays were performed according to
standard protocols, as previously described [6].
The VN-P2Y12 assay reports the results as P2Y12

reaction units (PRU). A PRU[ 208 was consid-
ered high on-treatment platelet reactivity (HPR)
according to the last consensus [8]. The enrolled

patients were then treated with dapagliflozin
10 mg once daily for 10 days with pill account-
ability by the clinical research associate. After
10 days of the empagliflozin regimen, platelet
reactivity was assessed a second time with the
VN-P2Y12 assay using the aforementioned
methodology (see Fig. 1).

Patient Interview and Case Report Form

The patients’ demographic data were recorded
on a case report form (CRF) and included the
patient’s medical, procedural history, and any
cardiovascular medications.

Statistical Analysis

The sample size was calculated as 27 patients
based on a paired proportion sample, an alpha
(a) value of 0.05, power of 80%, estimated
baseline prevalence of 40% of PRU[ 208, and
absolute delta of 20% (expected prevalence of
20% of PRU[208). Continuous variables were
expressed as means ± 95% confidence intervals
and categorical variables as frequencies and

Fig. 1 Methodology outline
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percentages. Paired t tests were used to compare
mean differences in PRU scores and McNemar’s
test for paired proportions. No adjustments for
multiple comparisons were made. Data collec-
tion was complete. A two-tailed p value of 0.05
was considered to indicate a statistically signif-
icant difference for all the analyses performed.
Statistical analysis was performed using SPSS
version 25.0 software (IBM SPSS Statistics, New
York, NY, USA).

RESULTS

A total of 27 patients with stable CAD and
T2DM on DAPT with aspirin and clopidogrel
were enrolled in the study. Table 1 shows the
demographics of the study participants. The
mean age was 63.5 years. Of the patients, 44%
were females, and 74% were South Asian in
ethnicity. The prevalence of prior myocardial
infarction (MI) was 11%. The mean body mass
index (BMI) was 26.9 kg/m2. Thirty-seven per-
cent were on insulin therapy, while 69% and
50% were on metformin and sulfonylureas,
respectively. Fifty-two percent received percu-
taneous coronary intervention (PCI), with 26%
undergoing coronary artery bypass grafting
(CABG). The mean PRU on dapagliflozin was
significantly less than without dapagliflozin at
baseline (160.93, 95% confidence interval (CI)
129.28–192.57; vs. 197.63, CI 170.82–224.44,
p value 0.001) (Fig. 2). The mean difference in
PRU was 36.70 (95% CI 16.66–56.75) which
significantly resulted in inhibition of platelet
aggregation (IPA) by 20%, (95% CI 8.5–32.6%,
p value 0.002). Forty-eight percent of patients
had high on-treatment platelet reactivity with a
PRU[208, which decreased to 25.9% (p value
0.07) with near-significance (Table 2). No
patients experienced any serious adverse events.

DISCUSSION

The advent of SGLT2i has heralded a new era of
the ‘‘triple threat’’ paradigm in managing
T2DM, HF, and CKD. They have been incorpo-
rated into the HF armamentarium as a founda-
tional pillar of the ‘‘fantastic four’’ [9].

Table 1 Patient population

Characteristics Frequency (%)

Age 63.5 years (mean)

Gender

Female 12 (44)

Male 15 (56)

Ethnicity

South Asian 20 (74)

Caribbean Black 4 (15)

Interracial 3 (11)

Body mass index (BMI) 26.9 kg/m2 (mean)

(normal 18.5–24.9 kg/

m2)

Weight 73.1 kg

Systolic blood pressure 149 mmHg

(normal\ 120 mmHg)

Diastolic blood pressure 83 mmHg

(normal\ 80 mmHg)

Comorbidities

Prior myocardial infarction

(MI)

3 (11)

Diabetes mellitus (DM) 27 (100)

Glycosylated hemoglobin

(HbA1c)

9.13% (mean)

(normal\ 6%)

Fasting blood glucose (FBG) 194 mg/dl

(normal\ 126 mg/dl)

Hypertension (HTN) 25 (93)

Dyslipidemia 14 (52)

Chronic kidney disease

(CKD)

0 (0)

Cerebrovascular events

(CVE)

13 (48)

Chronic obstructive

pulmonary disease (COPD)

2 (7)

Peripheral artery disease

(PAD)

3 (11)

Cardiovascular medications
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Compared to empagliflozin, which was evalu-
ated in the EFFECT study, dapagliflozin is asso-
ciated with more than 1200-fold higher potency
for SGLT2 than SGLT1, lower plasma aldos-
terone, and norepinephrine levels [10]. A Ja-
panese study also reported that dapagliflozin
suppressed atherogenic small dense low-density
lipoprotein while increasing high-density
lipoprotein, a favorable cardiometabolic marker
[11]. Dapagliflozin is also associated with lower
fasting blood glucose levels and body weight,
albeit at the expense of increased urinary tract
infections [12].

Diabetes is intricately linked to a prothrom-
botic milieu that augments platelet reactivity
[13]. Several key contributory factors include
hyperglycemia, dyslipidemia, insulin resistance
with resultant oxidative stress, inflammation,
and endothelial dysfunction [14]. As outlined in
the EFFECT trial, it was postulated that SGLT2i-
mediated attenuation in platelet reactivity
occurred via the multifaceted pathways of
decreased hyperglycemia, dyslipidemia, obesity,
insulin resistance, oxidative stress, inflamma-
tion, and endothelial dysfunction [6]. In the
EFFECT study, the mean P2Y12 reaction units

Table 1 continued

Characteristics Frequency (%)

Aspirin 27 (100)

Clopidogrel 27 (100)

Angiotensin-converting

enzyme inhibitor,

angiotensin receptor

blocker, neprilysin inhibitor

(ACEi, ARB, Ni)

25 (93)

Beta-blocker (BB) 18 (67)

Statin 25 (93)

Mineralocorticoid receptor

antagonist (MRA)

2 (7)

Calcium channel blocker

(CCB)

7 (26)

Nitrates 14 (52)

Ivabradine 5 (19)

Trimetazidine 14 (52)

Diabetic medications

Insulins 10 (37)

Oral hypoglycemics

Metformin 18 (69)

Sulfonylureas 10 (50)

Glucagon-like peptide-1

receptor agonists (GLP-

1RA)

7 (26)

Dipeptidyl peptidase-4

inhibitors (DPP-4i)

0 (0)

Cardiovascular procedures

Percutaneous coronary

intervention (PCI)

14 (52)

Coronary artery bypass

grafting (CABG)

7 (26)

P2Y12 reaction units (PRU)

PRU[ 208 13 (48)

PRU\ 208 14 (52)

Basic laboratory values

Table 1 continued

Characteristics Frequency (%)

Serum hemoglobin (Hb)

g/dl

13.9 (normal

13.2–17.6 g/dl)

Serum creatinine (sCr) mg/

dl

0.84 (normal

0.81–1.21 mg/dl)

Serum triglycerides (TG)

mg/dl

197 (normal\ 150 mg/

dl)

Serum total cholesterol

(TC) mg/dl

204 (normal\ 170 mg/

dl)

Serum low-density-

lipoprotein (LDL) mg/dl

169 (normal\ 130 mg/

dl)

Serum high-density-

lipoprotein (HDL) mg/dl

35 (normal[ 50 mg/dl)
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(PRU) on empagliflozin were significantly less
than without empagliflozin at baseline (187.35,
95% CI 155.38–219.32 vs. 217.25, CI
180.60–253.90; p value\0.030). The mean
difference in PRU was 29.90 (95% CI
3.17–56.63). Seventy-five percent of patients
had HPR with a PRU[ 208, which decreased to
half with near-significance (p value 0.06) [6].
The mean PRU on dapagliflozin was signifi-
cantly less than without dapagliflozin at base-
line (160.93, 95% CI 129.28–192.57; vs. 197.63,
CI 170.82–224.44, p value 0.001). The mean
difference in PRU was 36.70 (95% CI
16.66–56.75). Almost half of the patients had
high HPR with a PRU[ 208, which decreased
slightly above one-quarter with near-signifi-
cance (p value 0.07). Both the mean differences

in PRU were similar, in addition to the propor-
tion of patients with HPR, which subsequently
improved. This alludes to a possible signal that
there is SGLT2i-class-effect on platelet reactivity
as opposed to a drug-specific effect. While this
study supports the EFFECT study in lending
credence to either direct or pleiotropic attenu-
ation in platelet reactivity, it does not fully
elucidate the mechanistic effects of such.

Study Limitations

Although this study was adequately powered for
PD PRU outcomes, it was not designed for
clinical endpoints, and as such, no clinical
effectiveness or safety conclusions can be

Fig. 2 Comparison of patients’ P2Y12 reaction units (PRU) before and after dapagliflozin 10 mg

Table 2 Comparison of patients’ P2Y12 reaction units (PRU) and the percentage of high on-treatment platelet reactivity
before and after dapagliflozin 10 mg

Mean platelet
reaction units
(PRU)

Lower 95%
confidence
interval (CI)

Upper 95%
confidence
interval (CI)

p value High on-treatment
platelet reactivity
(HPR) %

p value

Baseline 197.63 170.82 224.44 0.001 48.1 0.07

Dapagliflozin 160.93 129.28 192.57 25.9
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drawn. As with previous studies conducted by
this group in Trinidad, again, there was a pre-
ponderance of South Asian patients, alluding to
a selection bias during study enrolment [6]. This
study is predicated on the effect of dapagliflozin
in stable CAD patients on DAPT with clopido-
grel and may not be clinically pertinent to
patients on more potent antithrombotic thera-
pies such as ticagrelor or direct oral anticoagu-
lants (DOACs). Another limitation is that only
one modality of platelet function testing, the
VN-P2Y12, was utilized with its inherent issues
of variability in platelet aggregation over time
and intra-assay variability. A more detailed,
comprehensive panel of platelet function test-
ing, including flow cytometry to assess Fcc
receptor type IIa (FccRIIa), may prove to be
complementary; however, these are not cur-
rently available in Trinidad for technical and
personnel logistical reasons.

CONCLUSIONS

Dapagliflozin achieved a greater antiplatelet
effect and significantly lower platelet reactivity
than in Trinidadian patients with CAD and
T2DM without dapagliflozin. This dedicated
pharmacodynamic study could be potentially
informative and applicable for Trinidadian
stable CAD patients with T2DM on DAPT.
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