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ABSTRACT

ARTICLE HISTORY

Aim: Sodium-glucose cotransporter 2 inhibitors have been shown to reduce the risk of cardio-
vascular disease in type 2 diabetes (T2DM) patients. The purpose of this study was to evaluate
cardiovascular disease risk indirectly through Doppler ultrasonography (USG) of carotid artery
vascular markers in T2DM patients using dapagliflozin.

Methods: One hundred forty-five patients presenting to our clinic between March 2016 and
June 2018 and diagnosed with T2DM were included in the study. These were divided into two
groups — a dapagliflozin group of 85 patients and a 60-member non-dapagliflozin control group.
Common carotid artery end-diastolic velocity (EDV), peak systolic velocity (PSV), and resistive
index (RI) parameters were evaluated using Doppler USG in both groups.

Results: The mean duration of follow-up was 2.2 +0.4years. Mean ages were 45+ 14years in
the dapagliflozin group and 42+ 15 in the control group. Mean HbA1c was 7.4+ 1.6 in the dapa-
gliflozin group and 7.3+ 2.1 in the control group. Common carotid artery, PSV, and EDV parame-
ters were higher (p=.012/p=.036), while Rl was lower (p< .001), in the dapagliflozin group
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than in the control group.

Conclusion: Vascular resistance was lower in the group using dapagliflozin for dia-

betes management.

Introduction

Arterial hypertension, cardiovascular diseases, and
end-organ damage may be seen with increased per-
ipheral vascular resistance [1]. Doppler ultrasonog-
raphy (USG) is an effective, non-invasive, and
inexpensive scanning method for measuring periph-
eral vascular resistance [2]. Low values for parameters
such as peak systolic (PSV) end-diastolic flow velocity
(EDV), and high values for the resistance index (RI),
measured using USG from the carotid arteries, have
been proved to be associated with cardiovascular dis-
ease in numerous studies [3-6]. The atherosclerotic
process is accelerated by diabetes, and is correlated
with an increased Rl detected with carotid Doppler
UsG [71.

Dapagliflozin is a sodium-glucose co-transporter 2
(SGLT2) inhibitor that reduces renal glucose reabsorp-
tion, thus increasing urinary glucose excretion [8].
SGLT2 inhibition in the renal proximal tubule improves
urinary glucose excretion and produces mild amelior-
ation in hemoglobin A1C. This, in turn, leads to sus-
tained systolic and diastolic blood pressure reduction,

partially through natriuresis and possibly also due to a
decrease in sympathetic tone. Randomized clinical tri-
als involving high cardiovascular risk patients with
type 2 diabetes (T2DM) suggest that the unique
effects of SGLT2 inhibitors on blood pressure and
body weight may result in a reduced risk of cardiovas-
cular events and slowed renal disease progression [9].
A benefit in terms of decreased vascular stiffness with
dapagliflozin use has been demonstrated in the first
days of therapy [10].

The purpose of this study was to indirectly evaluate
the effect of at least six months of dapagliflozin ther-
apy on vascular indicators of cardiovascular disease
risk, using carotid artery Rl measurements at Doppler
USG in T2DM patients.

Methods
Patients

One-hundred-forty five patients with T2DM were div-
ided into two groups in this descriptive cross-sectional
study, T2DM cases using dapagliflozin for at least six
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months (n=285) and T2DM cases not receiving dapa-
gliflozin (n=460). All patients were diagnosed at the
Duzce University Medical Faculty Department of
Internal Medicine and Ordu Medical Park Hospital
Department of Endocrinology, Turkey. Inclusion criteria
were age over 20years, diagnosis of T2DM, and pre-
scription of dapagliflozin between January 2016 and
December 2018. Exclusion criteria were age under
20years or over 80, pregnancy, and diagnosis of per-
ipheral arterial disease, kidney failure, history of coron-
ary artery disease, heart failure, stroke, vasculopathy or
any condition known to affect the Rl and other USG
parameters. This study was performed in accordance
with the principles of the Declaration of Helsinki.
Permission for the study was obtained from the insti-
tutional ethics committee, and informed consent was
obtained from all patients.

Carotid Doppler ultrasonography

While all patients were screened using thyroid USG,
carotid artery Doppler USG was also applied. Carotid
Doppler USG was performed with a high-resolution
apparatus (Philips Affiniti 70 ultrasound; Philips North
America Andover, MA, USA) equipped with a
5-12MHz wide band linear array probe. All Doppler
USG imaging was performed by an experienced spe-
cialist. Current velocities were measured as a standard
30-60-degree angle of the lumen. Common carotid
artery end-diastolic velocity (EDV), mean peak systolic
velocity (PSV), and Rl values were determined and
recorded (Figure 1). Rl was defined using the formula
(PSV-EDV)/PSV.

Figure 1. A schematic presentation of common carotid artery
Doppler findings. PSV: peak systolic velocity; EDV: end-dia-
stolic velocity.
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Statistical analysis

Data analysis was conducted on Statistical Package for
the Social Sciences (SPSS) version 21.0 software (SPSS
Inc, Chicago, IL, USA). Parametric parameters were
expressed as mean plus standard deviation (SD), and
non-parametric parameters as median (minimum-max-
imum) values. The independent t-test and Mann-
Whitney U test were applied for comparisons between
these groups. Categorical variables were evaluated
using Pearson’s chi-square test. A p level of <.05 was
regarded as statistically significant.

Results

One hundred forty-five patients were divided into a
dapagliflozin group of 85 members (52 male, 33
female) and a non-dapagliflozin control group of 60
members (36 male, 24 female). The mean duration of
follow up was 2.2 +0.4.years. There was no statistically
significant difference between the groups in terms of
gender (p=.923). The mean age of the dapagliflozin
group was 54.12+13.71years, and that of the control
group was 53.67+14.3 (p—=.856). The mean duration
of diabetes was 7.6+3.4years in the dapagliflozin
group and 7.5+4.2years in the control group
(p=.762). Mean Hbalc was 7.4+ 1.6 in the dapagliflo-
zin group and 7.3+2.1 in the control group. The gen-
eral characteristics of the two groups are shown in
Table 1. Common carotid artery PSV was 58.12%
943cm/s in the dapaglifiozin group and
46.72+123cm/s in the control group (p=.036).
Common carotid artery EDV was 13.84+1.98cm/s in
the dapagliflozin group and 11.07 +4.6cm/s (p=.012)
in the control group. Rl values were 0.81+£0.54 in the
dapagliflozin group and 0.71+0.83 in the control
group, and this difference was statistically significant
(p=.001). A comparison of Doppler USG parameter
values between the groups is shown in Table 2.

Discussion

T2DM is a risk factor for cardiovascular disease, limb
loss, and mortality [11]. However, there is no convinc-
ing evidence to show that improved glucose parame-
ters are by themselves capable of lowering the risk of
cardiovascular disease. One randomized controlled trial
comparing Empagliflozin, another SGLT2 inhibitor,
with placebo in patients with T2DM and high cardio-
vascular risk reported that the SGLT2 inhibitors
seemed to reduce the incidence of cardiovascular
events [12]. Empagliflozin has also been observed to
reduce arterial stiffness in patients with Type 1
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Table 1. Cases demographic characteristics.

Parameters Dapagliflozin (n:85) Control (n:60) p
Age (years) 45+14 42+15 .856
Males, n(%) 52 (61.1) 36 (60) 923
Duration of Dapagliflozin treatment,(years) 22+04 0 .000**
Duration of diabetes (years) 76+34 7.5+42 762
BMI. kg/m? 29.1+5.1 29.3+56 821
Current smokers n(%) 35 (41.1) 23 (38.3) 188
HbA1c, % 74+1.6 73+21 671
TG, mg/dl 188.6 +£102.8 209.2+104.2 759
HDL, mg/dl 487+11.0 46.5+8.1 853
LDL, mg/dl 1124 +26.1 109.0 +20.3 .95
Total cholesterol, mg/dl 195.0+305 21331843 872
Anti-hypertensive agents n(%)

ARB or ACEi 41 (48.2) 31 (51.6) 271

CCB 28 (329) 19 (31.6) 976

Diuretics 27 (31.7) 12 (20) 025*
Anti-diabetics

n(%)

Insulin 51 (60) 35 (58.3) .830

Sulfonylurea 8 (9.4) 23 (38.3) 012%

DPP-4 inhibitors 38 (44.7) 46 (76.6) 024%*

Metformin 78 (91.7) 56 (93.3) 973

Dapagliflozin 85 - .000%*
Anti-lipidemics n(%)

Statins 22 (25.8) 15 (25) .981

Fibrates 8 (9.4) 5(8.3) 739

Data are expressed as mean + SD.

BMI: body mass index; HDL: high-density lipoprotein; LDL: low-density lipoprotein; ARB:

angiotensin Il receptor blockers; ACEi: angiotensin-converting enzyme inhibitor; CCB: calcium channel blocker; DPP-4:

dipeptidyl peptidase-4.

Table 2. A comparison of Doppler USG hemodynamic param-
eters between the groups.

Parameters Dapagliflozin, n=285 Control, n =60 p Value
PSV, cm/s 68.58+12.3 54.27 +11.46 .036
EDV, cm/s 2267+79 14.54+10.7 .012
RI 0.67 £0.25 0.74+0.18 <.001

PSV: mean peak systolic velocity; EDV: end-diastolic velocity; RI: resist-
ive index.

diabetes [13]. However, the mechanisms by which
SGLT2 inhibitors lower the risk of cardiovascular
events in T2DM is not yet fully understood. The pre-
sent study examined the effects of dapagliflozin on
peripheral arterial resistance and blood flow in T2DM
management. A previous study performed to clarify
the mechanism involved reported that dapagliflozin
improves endothelial functions [10]. That same study
also showed that dapagliflozin produces endothelial
improvement by reducing  oxidative  stress.
Antioxidants are already known to be capable of pre-
venting endothelial dysfunction associated with hyper-
glycemia [14]. One striking finding from Solini et al.'s
study was that dapagliflozin therapy produced a sig-
nificant decrease in arterial stiffness measured from
the renal arteries, beginning on the second day of
treatment, independently of the decrease in blood
pressure [10]. That decrease in arterial stiffness is con-
sistent with the results of the present study, which
included patients with T2DM, in which treatment with
dapagliflozin resulted in higher EDV and PSV values
and a lower Rl compared to the non-dapagliflozin

group at a follow-up time of 2+0.4years. We think
that the reduction of Rl is one important reason for
the decrease in cardiovascular events associated with
SGLT2 inhibitors. Decreased PSV and EDV and
increased Rl disrupt endothelial function, and this
endothelial dysfunction then reduces parenchymal
blood flow, thus leading to organ damage [10]. We
attributed this finding to dapagliflozin preventing/
slowing atherosclerotic plaque development and/or to
reducing arterial inflammation.

Early detection of vascular changes using Doppler
USG may permit immediate measures to be taken
aimed at preventing or delaying irreversible tissue
damage [6]. Similarly, awareness of the clinical signs
of subclinical vascular disease can contribute to the
selection of appropriate treatment in patients with
T2DM. Inflammation plays a known role in the patho-
physiology of atherosclerotic peripheral vascular
disease and peripheral vascular resistance [15,16].
Additionally, the presence of high triglyceride, low-
density lipoprotein (LDL), insulin, and urea levels, and
of diabetes and obesity are associated with an ele-
vated systemic low-grade inflammatory state in men
[17]. A relationship has been described between adi-
pose tissue and inflammation, and chronic inflamma-
tion contributes to the pathogenesis of diabetes and
cardiovascular disease [18]. In addition, negative corre-
lations have been reported between carotid artery
velocities and blood pressure, fasting glucose levels,
triglyceride levels, BMI, and waist circumference



[19,20]. The elevated mean total cholesterol, triglycer-
ide, LDL-cholesterol, and BMI levels in both of our
study groups and the improved Rl outcomes with
dapagliflozin suggest the involvement an anti-inflam-
matory effect of the drug. Of particular note, no differ-
ence was determined in the use of antilipidemics
between the groups. Adipose tissue and testosterone
levels are inversely correlated, and testosterone levels
in men are known to decrease with advanced age.
However, the role of testosterone in cardiovascular
health and its effect on endothelial functions are still
controversial. Its effects also depend on the source
(endogenous or exogenous) and dose involved
[18,21,22]. Low testosterone levels have been shown
to be correlated with carotid intima-media thickness,
as well as metabolic syndrome [23]. The prevalence of
testosterone deficiency syndrome is as high as 30% in
men with diabetes or obesity [24]. Older men with
lower testosterone levels are known to exhibit a
higher prevalence of morbidities including T2DM [24].
Similarly, a meta-analysis including 56 studies showed
lower testosterone and free testosterone levels in men
with T2DM [21]. We suggest that a potential subgroup
that might benefit from dapagliflozin consists of men
with T2DM and low testosterone levels, with corres-
pondingly significantly higher values for biomarkers of
subclinical atherosclerosis, such as Apolipoprotein B
[25]. Men with T2DM and risk factors for cardiovascu-
lar disease, and a more pronounced inflammatory
state as observed in patients with high BMI, with aug-
mented adipose tissue, and with hyperlipidemia may
benefit from dapagliflozin therapy. Improvement in Rl
with dapagliflozin therapy suggests that its use may
be beneficial in the early stage of vascular disease and
endothelial dysfunction. Similarly, erectile dysfunction
is considered an early predictor of vascular disease,
and is known to be correlated with endothelial pro-
genitor cells, which precede vascular damage [26].
Patients with erectile dysfunction and T2DM can there-
fore also benefit from this therapy. A similar effect
may also be achieved in lower urinary tract dysfunc-
tion [27], and patients with obstructive sleep apnea
[28] may also benefit.

Due to the cross-sectional nature of this study, no
causal relationship could be proved, since this usually
requires longitudinal investigation, and this represents
one limitation of our research. Another limitation was
the small sample size. Patient characteristics, accompa-
nying diseases, various treatments received, etc. may
all have affected our findings. Additionally, carotid
intima-media thickness, a parameter strongly linked to
cardiovascular risk factors, were not measured. Finally,
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this study provides no data concerning laboratory
measurements, lifestyle parameters, or primary health-
care and socioeconomic characteristics.

In conclusion, the findings of this study demon-
strate that the SGLT2 inhibitor dapagliflozin caused
significant improvement, with an increase in PSV
and EDV and a decrease in Rl in the common
carotid artery. These findings are consistent with the
fact that SGLT2 inhibitors reduce cardiovascular
events in patients with T2DM. We think that dapa-
gliflozin should be prescribed specifically to patients
with risk factors or signs of subclinical vascular dis-
ease to prevent accelerated vascular events in
T2DM management.
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