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Abstract

Introduction: In type 2 diabetic patients (DM), after 6 months under perindopril or Canagliflozin, we previously reported a significant cf-PWV
improvement related to high serum uric acid (SUA), stronger than the observed with blood pressure.

Aims: To evaluate, in DM patients with arterial hypertension and normal renal function, the effects of canagliflozin or perindopril on SUA, 24hs
ambulatory BP monitoring (ABPM) and cf -PWV.

Methods: For 6 months, 20patients with DM and hypertension (59+4y; 10 females) received Metformin 2000mg, Amlodipine 10mg and
Canagliflozin 300mgdaily. Other 20 type 2 diabetic patients (62+4y, 8 female) received Metformin 2000mg, Amlodipine 10mgand Perindopril10mg
daily. Parameters evaluated: HbA1C, fasting blood glucose level, glomerular filtration rate, SUA, urine uric acid excretion (urUA), 24h ABPM and
cf-PWV. All evaluations were determined at baseline and after a 6-month continued treatment.

Results: After 6 months treatment, Canagliflozin induced a decrease in cf-PWV (12.0£0.67 to 8.5+0.45m/sec, p<0.001), HbA1C (8.5+0.11 to
7.0£0.09%, p<0.001), SUA (7.9+0.22 to 6.9+0.45mg%, p<0.05) and ABPM (142.0£2.04/99.0+1.34 to 134.0+2.01/85.0+1.57mmHg, p<0.001).
Perindopril only reduced ABPM (140.0+2.10/95.0 to 133.0£1.57/84.0+1.79mmHg, p<0.001) and cf-PWV (11.6+0.89 to 8.0+0.45m/sec, p<0.05).
Only under Canagliflozin the urUA increased (350.0+4.47 to 580.0+6.71mg/24hs, p<0.001). A strong correlation was found between variations
in SUA and cf-PWV(r: 0.69, p<0.025),showing that for each 1mg% reduction in SUA there is a decrease of 0.88m/sec in PWV.

Conclusions: Canagliflozin and Perindopril ameliorates arterial stiffness in patients with type 2 DM and hypertension by reducing SUA that seems
related, among other mechanisms, with a vascular intrinsic effect.
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Abbreviations: BP: Blood Pressure; SD: Standard Deviation; ABPM: Ambulatory Blood Pressure Monitoring; SUA: Serum Uric Acid; ACEI:
Angiotensin Converting Enzyme Inhibitor; SGLT2: Sodium-Glucose Cotransporter-2

Introduction

antihypertensive drugs [3]. However, in most diabetic patients, a
combination of antihypertensive drugs is required to achieve the
target BP goals [3].

In type 2 diabetes mellitus, the blood pressure (BP) reduction
has an important impact in decreasing macro vascular and micro
vascular complications, as revealed by important studies such
as the UK Prospective Diabetes Study Trial [1] and the Heart
Outcomes Prevention Evaluation study [2]. Similarly, in patients

Sodium-glucose  cotransporter-2 ~ (SGLT2) inhibitors

(SGLUT2i), including dapagliflozin, canagliflozin  and

with types 1 and 2 diabetes, benefits have been demonstrated
on clinical outcomes reduction in studies using several classes of

empagliflozin, are a newly developed class of oral anti diabetic
drugs with a unique mechanism of action [4]. In the kidney,
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the action is in the proximal convoluted tubules, and prevents
renal glucose reabsorption, that facilitates the urinary glucose
excretion [5-8]. Blood pressure reduction has been also observed
in recent trials such as Canvas [9], Credence [10] and EmpaREG
[11], suggesting a complementary effect of these drugs along
with the glucose lowering effect. Moreover, we recently found
[12], in type 2 diabetic patients with arterial hypertension, a
comparative antihypertensive effect between Canagliflozin and
perindopril, an angiotensin converting enzyme inhibitor (ACEI).
This BP reduction was observed either on 24hs ambulatory blood
pressure monitoring, central systolic blood pressure or office
measured systolic and diastolic blood pressure.

Arterial stiffness is an established risk factor of cardiovascular
events and mortality [13-15]. In particular, the physiologic
determinants, such as pulse pressure, mean arterial pressure
and central arterial pressure, have been linked to cardiovascular
and may provide additional
cardiovascular risk prediction [13-15].

outcomes information for

In a recent study, including hypertensive type 2 diabetic
patients, in which we added on top of their treatment canagliflozin
or perindopril, we found a similar improvement on cf-PWV, after 6
months treatment [12]. Furthermore, this data was in accordance
with a recent study where empagliflozin showed an improvement
on arterial stiffness in type 2 diabetic hypertensive patients [16].

Higher plasma uric acid concentration is responsible for an
increase in the cardiovascular morbidity and mortality risk [17]
as it was recently shown either in hypertension [18] or diabetes
[19], in both middle-aged [20] and elderly individuals [21].

Different mechanisms have been suggested to explain the
augmented cardiovascular risk induced by the increase in serum
uric acid (SUA) levels, such as endothelial dysfunction [22] and
arterial stiffness [23]. However, there is still no agreement
concerning which would be the most relevant.

Aims

To evaluate, in patients with T2DM and hypertension,
pretreated with amlodipine and metformin, the effects of either
Canagliflozin or Perindopril, added on top, after 6 months of
treatment on 24h ABPM and cf-PWV. Finally, to evaluate the
effects on SUA and the possible relationships with BP and PWV
changes induced by both treatments.

Methods

Forty type 2 diabetic patients aged 25-70 years old (14
women) were included in this study. All of them have hypertension
and were under treatment with amlodipine 10 mg daily and
metformin 2000 mg daily. Once the informed consent was signed,
all subjects were clinically evaluated. Thereafter, they were
randomized to receive for 6 months, either canagliflozin 300 mg
daily (n= 20, 9 women, mean age: 64+ 4years) or perindopril 10
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mg daily (n= 20, 5 women, mean age: 59+4years), added on top of
the regimen.

Exclusion criteria

Previous diagnosis of type 1 diabetes mellitus (T1DM) or
diabetic ketoacidosis; recurring (i.e. 2 events over a 1-week
period), fasting self-monitored plasma glucose measurements at
least 13.3 mmol/l (240 mg/ dl), during the pretreatment phase,
uncontrolled hypertension (i.e. the average of three seated BP
readings 2160/110 mmHg); secondary hypertension; treatment
with an SGLT2 inhibitor, insulin or a glucagon-like peptide-1
receptor agonist within the 4 weeks prior to screening and/
or treatment with the following antihypertensive drugs: ACEls,
Angiotensin II Receptor blockers, loop diuretics, calcium channel
blockers, other than amlodipine, or b-blockers.

All studies were conducted in accordance with ethical
principles that comply with the Declaration of Helsinki and were
consistent with Good Clinical Practices and applicable regulatory
requirements. All patients signed a written informed consent,
prior to the inclusion in the study:.

Ambulatory blood pressure monitoring (ABPM) was assessed
at baseline, and after 6 months of treatment. Measurements were
performed with an oscillometric Mobil-O-Graph 24-h PWA Monitor
(LE.M. GmbH, Stolberg, Germany; 24,25) to obtain readings with
intervals of 20 min from 0700 until 2200 h (daytime period) and
every 30 min from 22:00h until 07:00h (night-time period). All
the recordings took place during working days. The ARCSOlver
algorithm, is included in the Mobil-O-Graph 24-h [24,25].

Measurement of cf-PWV

In all individuals, before and after 6 months of treatment,
the cf-PWV was measured by tonometry, as previously described
[26,27]. Briefly, all measurements were performed in a quiet room
with stable temperature and the patient in a supine position, after
10 min of rest. Carotid-femoral pulse wave velocity(cf-PWV) was
determined by recording the carotid and femoral waveforms
using a validated technology (Arteriometer, Model V100; Oxitech,
Buenos Aires, Argentina), as previously reported [14,28-30]. The
hardware used two high-fidelity silicon piezo-resistive pressure
sensors (Motorola MPX 2050; Motorola Inc., Schaumburg, Illinois,
USA) connected to an amplifier. Briefly, the signal was acquired
in a PC and during data acquisition, the pressure sensors were
simultaneously positioned in the left sided carotid and femoral
arteries. Records were performed continuously whereas pressure
waves were monitored on the computer screen, using specific
software, as previously described [31]. The software works in
a Windows; Micro Redmond, Washington, USA environment,
performing an online digitized pressure wave acquisition that
allows several cf-PWV measurements along a single continuous
record, which includes at least 10 cardiac cycles. Online cf-PWV
calculation included the distance between sensors values. The
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meanvalueand the standard deviation (SD) ofthese measurements
were always calculated and considered as the cf-PWV value for
each patient. To ensure a reliable measurement, special care was
taken in monitoring that the SDs of measurements were less than
10%. The same two physicians performed all data acquisition
and cf-PWV calculation, one always obtaining the pressure
waves and the other operating the computer. When technical
mistakes or low signal quality were detected, the procedure was
repeated. Recorded measurements were obtained by duplicate,
in all patients [31]. Finally, in accordance with the European
Recommendations [3,15], each cf-PWV value was corrected by
multiplying by 0.8.

Blood and urine samples: In all individuals, before and after
6 months of treatment metabolic parameters, including plasma
fasting glucose, HbAlc, creatinine, plasma sodium and potassium,
and serum uric acid (SUA). In 24h urine sample, sodium,
potassium, uric acid excretion, has been obtained. From these
data, glomerular filtration rate was calculated.

Statistical analysis

Data were expressed as mean and standard deviation. A p
<0.05 was considered significant. A paired t-test for comparison

of the basal versus 6months values was performed. To verify
statistical differences, about the effects of treatments on the
different parameters measured, ANOVA Analysis was applied, and
Post Hoc Analysis performed.

Since there was a no linear significance among values but
only for variations in SUA and cf-PW, consequently, Pearson’s
correlation between delta cf-PWV and delta uric acid was also
performed. Statistical analysis was carried-out using IBM-SPSS
software (IBM Corp. IBM SPSS Statistics for Windows, Version
20.0. Armonk, NY: IBM Corp; United States).

Results

All individuals completed the study without significant side
effects.

BP Effects

As it is shown in Figure 1, after 6 months of treatment, both
drugs decreased significantly ambulatory blood pressure. The
decrease in SBP or DBP was similar, either with canagliflozin
(-5.63/-14.14%) or perindopril (-5.0/-11.58%). Heart rate failed
to be significantly altered.
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Figure 1: Treatment Effects on 24h mean ABPM Blood Pressure values. It is shown the effects of each drug at baseline level and after 6
months treatment.
*: p< 0.001 versus baseline value.
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Glycemia and glycated hemoglobin effects 150+4.03mEq/L; 6months: 170£1.79 (p<0.001), while
under perindopril the excretion decreased significantly

As expected, after 6 months treatment with canagliflozin,
a significant reduction in glycemia, from 149+2.24mg% to
118+1.34mg/% (p<0.001) and glycated hemoglobin from
8.5x0.11% to 7.0+£0.09% (p<0.001) was observed. Perindopril
failed to alter glycemia (Basal: 138+2.24mg%, 6 months:
134+2.68mg%, ns) but glycated hemoglobin was slightly but
significantly reduced from 7.5£0.11mg% to 7.0+£0.09 (p<0.001).

Plasma and urinary sodium effects

Canagliflozin increased urinary sodium excretion from
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180+4.03mEq/24h to 170+1.79mEq/24h (p <0.03). Instead of
this, neither canagliflozin nor perindopril altered plasma sodium
levels (canagliflozin: from 139+1.57 to 134+2.01mEq/L or
perindopril: from 139+1.57 to 137+2.01mEq/L).

Kidney function

Glomerular filtration rate was significantly reduced by both
treatments, Canagliflozin: from 147+2.24 to 130+1.57 ml/min
1.73m?(p<0.001) and Perindopril: from 137+2.24 to 128+1.57ml/
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min 1.73m? (p<0.003). Plasma Creatinine levels were not altered PWYV effects
by either treatment Canagliflozin: 0.9+0.05 to 0.7+£0.09mg% or
Perindopril: 0.9+0.05 to 1.0+0.09mg%. Other security laboratory
parameters, including hepatic function failed show any change

after both treatments.

As shown in Figure 2, both treatments induced a similar and
significant reduction in PWV.
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Figure 2: Treatment Effects on Pulse Wave Velocity. It is shown the effects of each drug at baseline level and after 6 months treatment.
*: p< 0.001 versus baseline value.

Uric acid effects

Both treatments significantly increased urinary uric
acid excretion, Canagliflozin (350%4.47 to 580+6.71mg/24h,
p<0.001) (310+2.24 to 340+12mg/24h;
p<0.02). Nevertheless, the increase induced by canagliflozin

and Perindopril

was significantly higher than the perindopril induced increase

(p<0.01).

However, instead the basal SUA and urinary UA excretion
levels in the group treated with perindopril were significantly
lower than those under canagliflozin (Figure 3 left and right side,
respectively), only canagliflozin induced a significant reduction in
both parameters.
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Figure 3: Treatment Effects on Serum and Urinary Uric Acid Excretion. It is shown the effects of each drug on Serum Acid (Left side) and
on Urinary Uric Acid Excretion (right side), at baseline level and after 6 months treatment.

*: p< 0.01 versus baseline value.
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Finally, as shown in Figure 4, a significant correlation between
the decrease in SUA and cf-PWV was found with canagliflozin,
when corrected by blood pressure, age, weight, plasma, and
urinary sodium (r=0.691, p<0025). From this correlation it was

possible to calculate that for every 1mg% reduction in SUA there
is a decrease in 1.18m/sec in PWV. However, no correlation was
observed with perindopril.
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Figure 4: Correlation between changes in PWV and Serum Uric Acid induced by Canagliflozin, after 6 months treatment.
APWV: Variation in Pulse Wave Velocity and ASUA: variation in Serum Uric Acid (SUA) induced by 6 months treatment with Canagliflozin.
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Discussion by this mechanism, and increases the uric acid excretion while the

The current study reports that, in hypertensive patients with
type 2 diabetes, after 6 months of treatment with Canagliflozin,
SUA and arterial stiffness were significantly improved. This
is in accordance with previously reported data using other
SGLT2 inhibitors, in diabetic [32] or non-diabetic patients [33].
Furthermore, 20-30% of DM patients with hyperuricemia were
able to achieve normal serum uric acid levels (<6 mg/dl) with
Canagliflozin [32] and the beneficial effects of SGLT2 inhibitors
on SUA and urinary sodium excretion was further emphasized, in
recent meta-analyses [34,35].

It is well known that around 90% of the filtered uric acid is
reabsorbed in the proximal convoluted tubules through different
transporters: the uric acid transporter 1 [36,37], and the organic
anion transporter 4 [38,39] to the peritubular blood circulation,
by a GLUT9 transporter isoform 1 (SLC2A9a; [40-42]. This is
supported by experimental studies where Canagliflozin strongly
increased the urinary glucose or urate-to-creatinine ratios [43]
as the glycosuric and the uricosuric effects [44]. Therefore, the
urinary urate excretion was negatively related to the changes
in blood glucose while it was positively related to the changes
in urinary glucose [43]. This suggests that the uricosuric
effect of SGLT2 inhibitors is related to the increase in glucose
concentrations induced in the proximal convoluted tubule. The
GLUT9 isoform 2, located in the apical membrane, is stimulated
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uric acid reuptake is inhibited, in the distal tubule [43,45].

Perindopril, in addition to the blood pressure reduction,
also showed a slight increase in serum K+ (data not shown)
with a decrease in urNa* excretion and an improvement in the
glycosylated hemoglobin. This is in accordance with previous
data, showing that perindopril can induce a slight serum K+
increase and, although not significantly, a slight improvement on
serum glucose and insulin sensitivity [46].

The hemodynamic effect of perindopril, as we have previously
shown [12], is supported by the fact that, after 6 months
treatment with either canagliflozin or perindopril, 24h ABPM
and office BP were significantly reduced with an improvement
in c-f-PWV [12]. This effect, when the cf-PWV induced effects
were corrected, either by office or 24h systolic or diastolic
blood pressure values, the arterial stiffness improvement was
completely blunted under perindopril, while a remaining effect
was still observed under canagliflozin. This suggested that,
contrarily to perindopril, the canagliflozin improvement in cf-
PWV is not only related to a hemodynamic effect [12]. This
agrees with the additional cardiovascular mechanisms (changes
in energy metabolism, reduction in blood pressure and vessel
stiffness and decrease in serum uric acid) by which SGLUT2
inhibitors improve cardiovascular risk [47]. This is further
supported by the hypothesis that the additional cardiovascular

How to cite this article: Ramiro Sanchez, Maria J Sanchez, Franco Pessana, Agustin J Ramirez. Different Effects of Canagliflozin and Perindopril
in the Improvement of Arterial Stiffness in Type 2 Diabetic Patients. Curre Res Diabetes & Obes J 2021; 15(2): 555908.


http://dx.doi.org/10.19080/CRDOJ.2021.15.555908

Current Research in Diabetes & Obesity Journal

protective effect induced by Canagliflozin [47] may be also
related to the improvement in cf- PWV since uric acid induces an
inflammatory process in the vasculature, leading to an increase in
arterial stiffness [44,47]. Moreover, Albu et al. [48] have shown a
direct relationship between uric acid and arterial stiffness and an
8-year longitudinal study in normotensive men [49], showed that
uric acid is associated with an increase in PWV. The mechanism
involved is related to pro-inflammatory and pro-atherogenic
effects in the arterial wall, favoring the reduction in arterial wall
distensibility [50]. However, instead the inflammatory status was
not evaluated in this study, it can be suggested that the improved
arterial stiffness induced by Canagliflozin could be mediated by
two related mechanisms: a hemodynamic effect, resulting from the
decrease in blood pressure, and the reduction in serum uric acid
levels, mediated by the increase in urinary uric acid excretion, that
could be associated with a reduction in the inflammatory process.

Finally, we have previously reported a linear correlation
between serum uric acid and cf-PWV [51]. From this data, we
suggested that PWYV is related to SUA and SBP, with age being
included as a forced variable. In this condition, the remaining
variables analyzed: BMI, Waist Circumference, DBP and HR did
not provide significant weight to predict PWV.

In accordance with this data, in the present work, we have
shown that, only in the Canagliflozin treated group, a significant
correlation was observed between changes in SUA to changes
in cf-PWV. From this correlation it was observed that, for each
1mg% SUA reduction a decrease in 1.18m/sec in cf-PWV was
induced. This is interesting because previously reported data [52]
have shown that for each 1m/sec increase in PWV there is a 14%
increase in cardiovascular events or a 15% in all-cause mortality,
either in the general population, older subjects or individuals
having a cardiovascular disease.

This further supports that the cardiovascular protective
effect induced by canagliflozin, in diabetic hypertensive patients,
could be related to the increased UA excretion responsible for the
decrease in SUA related, a least in part, with the improvement in
arterial distensibility.

Conclusion

In conclusion, our study shows the differential effect of
the SGLT2 inhibitor canagliflozin, respective to perindopril, in
improving arterial stiffness. This effect seems to be mediated
through the reduction in blood pressure, glycemia and SUA.

The reduction in uric acid is of clinical importance given that
hyperuricemia is frequently observed in type 2 diabetic patients
and is related to an increased cardiovascular risk [17,21].

Limitations of the Study

a) A low number of patients included, may impair the
strength of the conclusions.

DOI: 10.19080/CRD0OJ.2021.15.555908

b)  No evaluation of the inflammatory status of the patients
was performed.

c¢) A comparative study with a xanthine oxidoreductase
drug might be important to contrast results with canagliflozin.
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