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The prevalence of type 2 diabetes (T2D) has increased over
the past few decades. T2D has a strong genetic propensity
that becomes overt when a patient is exposed to a typical
Western lifestyle, gain weight and becomes obese,
whereas weight loss protects from the development of
T2D. Except of lifestyle modifications, the choice of the
appropriate treatment is essential in the management of
patients with T2D and appears critical for the obese
population with T2D. The new pharmacological approach
for the treatment of T2D, sodium-glucose cotransporter 2
inhibitors and glucagon-like peptide 1 receptor agonists,
seems to be effective not only in the management of T2D
but also for weight loss, reduction of blood pressure and
improvement of nonalcoholic fatty liver disease. Sodium-
glucose cotransporter 2 inhibitors and glucagon-like
peptide 1 analogues reduced cardiovascular risk, prevented
cardiovascular disease and mortality, thereby playing an
important role in the treatment of obese patients with
hypertension and T2D.
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T
ype 2 diabetes (T2D) is characterized by functional
failure of the pancreatic beta cells, whereas obesity
is accompanied by insulin resistance that may prog-

ress to T2D. The prevalence of T2D has increased over the
past few decades, as influenced by ageing populations and
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less healthy life style, with projections of an even greater
burden growth over the coming decades. T2D has a strong
genetic propensity that becomes overt when a patient is
exposed to a typical Western lifestyle, gains weight and
becomes obese. Weight loss prevents (or postpones) obese
individuals with impaired glucose tolerance from develop-
ing T2D [1]. Obesity is the main aetiological cause of T2D
and the term ‘diabesity’ emphasize the coexistence of the
two diseases [2] explaining the role of excess fat in the
parallel increase of the two epidemics in Western countries,
that appear to be a ‘syndemic’ [3]. Despite that, therapeutic
advances demonstrating improved microvascular out-
comes, cardiovascular deaths remain the leading cause of
mortality in patients with diabetes [4]. Intensive glucose
control generally failed to reduce cardiovascular outcomes
in previous clinical trials, despite improvement in
www.jhypertension.com 1

thorized reproduction of this article is prohibited.

mailto:vkotsis@auth.gr


CE: Swati; JH-D-19-00516; Total nos of Pages: 10;

JH-D-19-00516

Kotsis et al.

C

microvascular complications. Excess risk among partici-
pants in the intensively treated group in the ACCORD
population occurred above haemoglobin A1c (HbA1c)
7% [5,6].

Current recommendations suggest metformin together
with lifestyle management as the first-line approach for
patients with T2D despite the lack of large clinical trials data
on metformin. In the UKPDS study, metformin use was
associated with risk reductions for any diabetes-related
endpoint, diabetes-related death and all-cause mortality
in overweight patients [7]. However, the number of patients
allocated to metformin was less than 10% of the randomized
population (n¼ 342) and early addition of metformin in
sulphonylurea-treated patients was associated with an
increased risk of diabetes-related death [7]. Furthermore,
as the study was performed in the 1990s the use of other
drugs that can reduce cardiovascular risk, such as statins or
inhibitors of the renin–angiotensin–aldosterone system
(RAAS), was limited. The highly relevant field of cardiovas-
cular disease prevention in patients with T2D has recently
been enriched from placebo-controlled studies showing
that both sodium–glucose cotransporter 2 (SGLT-2) inhib-
itors [8–10] and the glucagon-like peptide 1 (GLP-1) recep-
tor agonists may also provide significant risk reductions of
major cardiovascular events, mostly as secondary preven-
tion [11,12]. Clinical testing of these new agents and inves-
tigations into the mechanisms underlying their protective
cardiovascular and renal properties triggered a major
knowledge shift in the field and unraveled factors relevant
to cardiovascular risk reduction in T2D beyond glycaemic
control. Consequently, cardiovascular disease specialists
ought to play a key role in the clinical care of these patients
because morbidity and mortality in T2D are associated with
macrovascular events.

CARDIOVASCULAR EVENTS REDUCTION

Inhibitors of sodium–glucose cotransporter-2
SGLT-2 is a sodium–glucose cotransporter in the proximal
tubule of the nephron responsible for the urinary glucose
reabsorption. Inhibition of SGLT-2 results in glucosuria,
thereby reducing bloodglucose. The effects of empagliflozin
in addition to standard care on cardiovascular morbidity and
mortality inpatientswith T2Dandestablished cardiovascular
disease were studied in the EMPA-REG trial [8]. Patients
received 10 or 25mg of empagliflozin or placebo once daily.
The primary composite outcome was the three-point major
adverse cardiac events (MACE)-death from cardiovascular
causes, nonfatal myocardial infarction (MI), or nonfatal
stroke. The hazard ratio for the primary endpoint in the
empagliflozin group, hazard ratio 0.86 [95% confidence
interval (CI): 0.74–0.99] was superior to placebo. In the
empagliflozin group there was 38% relative risk (RR) reduc-
tion of death from cardiovascular causes, 35% RR reduction
for hospitalization for heart failure and 32% RR reduction for
death from any cause [8]. In patients with T2D at high
cardiovascular risk, empagliflozin was also associated with
slower progression of kidney disease and lower rates of
clinically relevant renal events compared with placebo,
when added to standard care [13] (Table 1). Empagliflozin
also reduced the progression to macroalbuminuria by 38%,
2 www.jhypertension.com
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whereas 80% of the population was using renin–angiotensin
system (RAS) blockers at baseline [13].

In the CANVAS Program, participants with T2D and a
history of symptomatic atherosclerotic cardiovascular dis-
ease (65.6%) or patients 50 years of age or older with high
cardiovascular risk were randomly assigned to receive
canagliflozin (100 or 300 mg) or placebo [9]. The hazard
ratio in the canagliflozin group for the three-point MACE,
hazard ratio 0.86 (95% CI: 0.75–0.97), was superior to
placebo. Renal outcomes were not statistically significant
different between groups and adverse reactions were con-
sistent with the previously reported risks associated with
canagliflozin except for an increased risk of amputation [9]
(Table 1).

In the recently published DECLARE–TIMI 58 trial [10]
participants with T2D who had history of symptomatic
atherosclerotic cardiovascular disease (40.6%), or men
older than 55 and women older than 60 years of age with
one or more traditional cardiovascular risk factors and
creatinine clearance at screening higher than 60ml/min
(93%), received either 10 mg of dapagliflozin or placebo.
Dapagliflozin did not result in a lower rate of the three-
points MACE, but resulted in a lower rate of hospitalization
for heart failure, hazard ratio 0.73 (95% CI: 0.61–0.88) and a
lower rate of renal events compared with the placebo
group, hazard ratio 0.76 (95% CI: 0.67–0.87) [10] (Table
1). In hypertensive patients with T2D using renin-angio-
tensin system blockade therapy, normal renal function
and albuminuria (75% microalbuminuria), dapagliflozin
reduced albuminuria by 33% compared with placebo [14].

From these three large randomized control trials it is
evident that SGLT-2 inhibition per se confers clinical benefit
not only concerning improved glycaemic control, but
importantly also in reducing risk for cardiovascular and
renal events. While a number of open questions remain to
be addressed, SGLT-2 inhibitors are already being used one
of the first-line drugs for glucose lowering, particularly in
T2D patients at increased cardiovascular risk.

Glucagon-like peptide-1 receptor agonists
The cardiovascular effect of liraglutide, a GLP-1 analogue
was studied in the LEADER Trial where T2D patients were
assigned to receive liraglutide or placebo on top of their
standard care treatment. Hazard ratio for the three-point
MACE in the liraglutide group was superior to placebo,
hazard ratio 0.87 (95% CI: 0.78–0.97). Liraglutide was
associated with less all-cause and cardiovascular deaths,
with no differences in nonfatal MI, nonfatal stroke and
hospitalization for heart failure, but a lower rate of renal
events (Table 1).

A second GLP-1 analogue with an extended half-life of
approximately 1 week (semaglutide) was tested in the
SUSTAIN-6 trial in T2D patients. Patients were assigned
to receive semaglutide once weekly or placebo on top of
their standard care [12]. Hazard ratio for the 3-point MACE
in the semaglutide group was superior to placebo, hazard
ratio 0.74 (95% CI: 0.58–0.95). Nonfatal MI, nonfatal stroke
and cardiovascular deaths were similar in the two groups.
Rates of nephropathy were lower, but retinopathy compli-
cations were significantly higher in the semaglutide group
(Table 1). A recent meta-analysis of GLP-1 analogues
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TABLE 1. Summary of published sodium–glucose cotransporter 2 inhibitor and glucagon-like peptide-1 analogue randomized outcomes
trials with reduction in cardiovascular and renal endpoints

Study SGLT-2 inhibitors GLP-1 analogues

EMPA-REG
(empagliflozin)

CANVAS
(canagliflozin)

DECLARE–TIMI 58
(dapagliflozin)

LEADER
(liraglutide)

SUSTAIN-6
(semaglutide 0.5

or 1.0 mg)

Patients enrolled n¼7020 n¼10 142 n¼17 160 n¼9340 n¼3297

Median duration of
follow-up (years)

3.1 2.4 4.2 3.8 2.1

Weight reduction (kg) �2 1.60 (1.70–1.51) 1.8 (1.7–2.0) 2.3 (2.5–2.0) 2.87 (3.47–2.28) and
4.35 (4.94–3.75)

Baseline statin use (%) 77 75 75 72 73

Baseline prevalence of
CV (%) disease

100 65.6 40.6 81 72

Heart failure (%) 11 14 10 18 24

Primary outcome
(HR, 95% CI)

0.86 (0.74–0.99) 0.86 (0.75–0.97) 0.93 (0.84–1.03) 0.87 (0.78–0.97) 0.74 (0.58–0.95)

CV death (HR, 95% CI) 0.62 (0.49–0.77) 0.87 (0.72–1.06) 0.98 (0.82–1.17) 0.78 (0.66–0.93) 0.98 (0.65–1.48)

Fatal or nonfatal MI
(HR, 95% CI)

0.87 (0.70–1.09) 0.89 (0.73–1.09) 0.89 (0.77–1.01) 0.86 (0.73–1.00) 0.74 (0.51–1.08)

Fatal or nonfatal stroke
(HR, 95% CI)

1.18 (0.89–1.56) 0.87 (0.69–1.09) 1.01 (0.84–1.21) 0.86 (0.71–1.06) 0.61 (0.38–0.99)

All-cause mortality
(HR, 95% CI)

0.68 (0.57–0.82) 0.87 (0.74–1.01) 0.93 (0.82–1.04) 0.85 (0.74–0.97) 1.05 (0.74–1.50)

Heart failure hospitalization
(HR, 95% CI)

0.65 (0.50–0.85) 0.67 (0.52–0.87) 0.83 (0.73–0.95) 0.87 (0.73–1.05) 1.11 (0.77–1.61)

Composite renal end
point (HR, 95% CI)

0.61 (0.53–0.70) 0.60 (0.47–0.77) 0.76 (0.67–0.87) 0.78 (0.67–0.92) 0.64 (0.46–0.88)

SBP (mmHg) reduction �4 3.93 (4.30–3.56) 2.7 (2.4–3.0) 1.2 (1.9–0.5) 1.27 (2.77–0.23) and
2.59 (4.09–1.08)

DBP (mmHg) reduction �2 1.39 (1.61–1.17) 0.7 (0.6–0.9) 0.6 (0.2–1.0) 0.04 (0.83–0.92) and
0.14 (0.74–1.03)

Adverse events Genital infection Amputation 1.97
(1.41–2.75),
fracture, genital infection,
osmotic diuresis,
volume depletion

Diabetic ketoacidosis,
genital infection

Acute gallstone disease,
pancreatic cancers
(P¼0.06),
gastrointestinal
symptoms

Diabetic retinopathy
complications
(1.76; 1.11–2.78),
gastrointestinal
symptoms

CI, confidence interval; CV, cardiovascular; GLP-1, glucagon-like peptide-1; HR, hazard ratio; MI, myocardial infraction; SGLT-2, sodium–glucose cotransporter-2.
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cardiovascular outcome trials suggest that drugs in this class
can reduce three-point major adverse cardiovascular
events, cardiovascular mortality, and all-cause mortality
risk, albeit to varying degrees for individual drugs, without
significant safety concerns, but new clinical experimental
studies to address the mechanisms of vascular action of the
various members of this drug class in patients with type 2
diabetes may be needed [15,16].

In trials on cardiovascular outcomes in high-risk
patients with type 2 diabetes (DM2) treatment with basal
insulin-glargine [17], dipeptidyl peptidase-4 (DPP-4) inhib-
itors [18–20] and thiazolidinediones [21], did not translate
into benefits for cardiovascular events or death, despite
their positive effects on glycaemic control. While pioglita-
zone reduced three-points MACE, increased heart failure
complications were observed in response to treatment [22].
BODY WEIGHTAND BLOOD PRESSURE
REDUCTION WITH SODIUM^GLUCOSE
COTRANSPORTER 2 AND GLUCAGON-
LIKE PEPTIDE 1 ANALOGUE
Overweight and obesity are strongly associated with
increased risk of cardiovascular disease and mortality
[23,24] and have been well correlated with hypertension
and diabetes [1]. Lifestyle interventions (healthy diet,
Journal of Hypertension
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reduced calorie intake and physical activity) leading to
weight loss (2–5% of the initial weight) seems to be effec-
tive for reducing the risk of new onset of T2D, or for
lowering the HbA1c levels in patients with T2D [25]. Greater
weight loss than 5% of the patient’s body weight is associ-
ated with more impressive reductions in plasma glucose
parameters [23,25]. Prevention of additional weight gain
and weight loss where possible are important factors for the
management of T2D patients.

Except of lifestyle modifications, the choice of the appro-
priate drug treatment is essential in the management of
patients with T2D as their effect on body weight might be
critical for the effective control of blood pressure (BP).
Awareness of the common effects of pharmacological
agents on body weight appears to be important for the
optimal management [26]. On the contrary, many of T2D
treatments can induce undesirable weight gain, which
could neutralize other possible cardiovascular benefits.
Most of the traditional antidiabetic drugs such as sulfony-
lureas (glyburide, glipizide or glimepiride after the first year
of treatment), glinides, thiazolidinediones (pioglitazone,
rosiglitazone) and insulins (irrespective of type) promote
weight gain through various mechanisms [27]. The weight
gain amounts to 4.8–7.8 kg after 6 months to 3 years
treatment with the oral antidiabetic agents while weight
gain with intensive insulin therapy can be even higher. In
terms of time course, 50% of weight gain is seen in the first 3
www.jhypertension.com 3
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months after initiation of treatment [28], no weight gain on
short term with detemir insulin and less weight gain than
glargine insulin after 1 year compared with neutral prot-
amine Hagedorn insulin [27]. While metformin and DPP-4
inhibitors seems to induce similar control of the glycaemic
profile compared with sulfonylureas, the former are
advantageous because of the lack of weight gain [7,29].
In this respect even more advantageous are the ‘gliflozins’
(empagliflozin, canagliflozin and dapagliflozin) because a
reduced body weight of approximately 2 kg compared with
placebo was observed in the clinical trials [8–10,30]. Thus,
they introduce an additional protective effect in the man-
agement of the patients with T2D. In the same direction,
GLP-1 analogues resulted in more pronounced body
weight reduction even to 4 kg in the semaglutide 1.0 mg
group [11,12]. In a recent meta-analysis comparing the
antidiabetic drug categories as monotherapy or add on
treatment to metformin, body weight was reduced or main-
tained with metformin, DPP-4 inhibitors, GLP-1 analogues
and SGLT-2 inhibitors, but increased with sulfonylureas,
thiazolidinediones and insulin. Compared with placebo
and other antihyperglycemic agents, treatment with an
SGLT-2 inhibitor resulted in an average reduction in body
weight of 1.74–1.80 kg, respectively [31].
FIGURE 1 Forest plot with the summary effects of all meta-analyses of randomized pla
Studies using combined data for sodium–glucose cotransporter 2: Vasilakou et al. includ
included Dapagliflozin 1, 2.5, 5, 10, 20, 50 mg, Canagliflozin 50, 100, 200, 300 mg, Em
included Empaglifozin 10, 25 mg, Cai et al. included Dapagliflozin, Canagliflozin, Empag
Empagliflozin 10, 25 mg.
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Meta-analyses of randomized placebo-controlled trials
that investigated the effects of SGLT-2 inhibitors on body
weight and BP are summarized in Figs. 1–3 [32–43]. Empa-
gliflozin had a noticeable antihypertensive effect (office
and ambulatory BP) on the background of antihypertensive
treatment with RAS blockers and diuretics [44]. While the
positive effects of these compounds are clearly docu-
mented, the underlying mechanisms of weight and BP
reductions still remain an area of investigation. SGLT-2 is
a low-affinity, sodium–glucose transporter and accounts
for approximately 90% of the absorption of glucose in the
proximal tubule of the kidney [45]. Data show that muta-
tions that impair SGLT-2 activity are closely related with
glucosuria, urinary sodium loss and hypotension [46,47].
When increased SGLT-2 expression is observed in the renal
proximal tubular cells of diabetic rats, hypertension, diabe-
tes and salt sensitivity coexist [48,49]. Vice versa, inhibition
of SGLT-2 in diabetic animals with phlorizin treatment
resulted in prevention of hypertension independently of
the salt intake, while losartan decreased SGLT-2 activity in
diabetic rats and prevented the development of hyperten-
sion [50,51]. Specifically, inhibition of SGLT-2 diminishes
the reabsorption of glucose and sodium leading to natri-
uresis and osmotic diuresis that account for a short-term BP
cebo-controlled trials for weight loss effect with sodium–glucose cotransporter 2.
ed Dapagliflozin 5, 10 mg, Empaglifozin 25 mg, Ipragliflozin 50 mg, Baker et al.
pagliflozin 1, 5,10, 25, 50 mg, Ipragliflozin 12.5, 50, 150, 300 mg, Liu et al.
liflozin, Ipragliflozin, Tofogliflozin, doses are not provided, Li et al. included
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FIGURE 2 Forest plot with the summary effects of all meta-analyses of randomized placebo-controlled trials for SBP reduction with sodium–glucose cotransporter 2. �24-h
ABPM. Studies using combined data for sodium–glucose cotransporter 2: Vasilakou et al. included Dapagliflozin 5, 10 mg Canagliflozin 300 mg, Baker et al. included
Dapagliflozin 1, 2.5, 5, 10, 20, 50 mg, Canagliflozin 50, 100, 200, 300 mg, Empagliflozin 1, 5, 10, 25, 50 mg, Ipragliflozin 12.5, 50, 150, 300 mg, Remogliflozin 100,
1000 mg, Liu et al. included Dapagliflozin, Canagliflozin, Empaglifozin, doses are not provided, Baker et al. included Dapagliflozin 10 mg, Canagliflozin 100, 300 mg,
Empagliflozin 10, 25 mg, Ertugliflozin 1, 5, 25 mg, Li et al. included Dapagliflozin, Canagliflozin, Empaglifozin, doses are not provided. ABPM, ambulatory blood pressure
monitoring.

New treatment in obesity-induced diabetes

C

reduction after drug initiation. At the same time volume loss
should have led to a stimulation of the RAAS, activating at
least one counter-regulatory compensatory mechanism
used by the kidneys to maintain BP homeostasis [52].
Tubulo-glomerular feedback studies reported that sodium
levels in the filtrate normalize when measured at the distal
convoluted tubule/ascending loop of Henle after 10–12
days of dapagliflozin administration reducing RAAS
response [53]. Chronic treatment with empagliflozin
showed that urine volumes return to pretreatment levels
after 12 weeks although BP effects remain relatively similar
for at least 36 weeks after initiation of treatment, suggesting
that osmotic diuresis cannot be the long-term mechanism
accounting for the BP-lowering effects of SGLT-2 inhibitors.
Reduced oxide stress from the lower plasma glucose levels
may be another mechanism that acts beneficially towards a
BP reduction [54], and in addition with a reduction of
arterial stiffness as observed with empagliflozin [55,56].
Furthermore, SGLT-2 inhibitors may contribute to BP
reduction due to their weight loss mechanism. Glucosuria
can reduce body weight from energy loss, osmotic diuresis
and body fat loss [57,58]. Administration of empagliflozin
was capable to increase endogenous glucose production, to
Journal of Hypertension
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reduce tissue glucose disposal, and to stimulate lipolysis,
lipid oxidation and ketogenesis [59]. Moreover, empagli-
flozin in high high-fat diet obese mice suppressed weight
gain by enhancing fat utilization and inflammation polariz-
ing macrophages in white adipose tissue and liver [60].
Finally, another possible explanation could be the induced
increase of glucagon/insulin ratio through glucagon reduc-
tion in the liver and activation of gluconeogenesis utilizing
circulating amino acids and fuel switch from glucose to free
fatty acids [61].

Meta-analyses of randomized placebo-controlled trials
analysing the effect of GLP-1 analogues on weight loss
provide a positive effect on weight reduction [38,62–66].
Treatment with exanatide for 4–30 weeks and with liraglu-
tide for 12–26 weeks resulted in approximately 1 kg body
weight reduction compared with placebo [62]. Regarding
the BP reduction induced by GLP-1 analogues as a primary
endpoint in meta-analyses, little has been published yet.
Wang et al. [67] reported an approximately 5mmHg reduc-
tion in office SBP and 6mmHg reduction in DBP in patients
treated with exenatide compared with placebo. SBP
changes with liraglutide in dose of 1.2 or 1.8 mg were
5.6 and 4.5 mmHg, respectively, compared with the
www.jhypertension.com 5
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FIGURE 3 Forest plot with the summary effects of all meta-analyses of randomized placebo-controlled trials for DBP reduction with sodium–glucose cotransporter 2. �24-h
ABPM. Studies using combined data for sodium–glucose cotransporter 2: Vasilakou et al. included Dapagliflozin 5, 10 mg, Canagliflozin 300 mg, Baker et al. included
Dapagliflozin 1, 2.5, 5, 10, 20, 50 mg, Canagliflozin 50, 100, 200, 300 mg, Empagliflozin 1, 5, 10, 25, 50 mg, Ipragliflozin 12.5, 50, 150, 300 mg, Remogliflozin 100,
1000 mg, Liu et al. included Dapagliflozin, Canagliflozin, Empaglifozin, doses are not provided, Baker et al. included Dapagliflozin 10 mg, Canagliflozin 100, 300 mg,
Empagliflozin 10, 25 mg, Ertugliflozin 1, 5, 25 mg, Li et al. included Dapagliflozin, Canagliflozin, Empaglifozin, doses are not provided. ABPM, ambulatory blood pressure
monitoring.
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placebo group [67]. GLP-1 agonists may increase heart rate
possibly by direct sino-atrial stimulation [68]. This effect
should be taken into account in patients with arterial
hypertension. However, GLP-1 agonists in addition to con-
ventional hypoglycaemic therapy may significantly reduce
circulating B-type natriuretic peptide levels in patients with
diabetes and heart failure treated by cardiac resynchroni-
zation therapy with a defibrillator. Treated with GLP-1
agonists patients also reported to have a significant
improvement of left ventricular ejection fraction, of the
6min walking test, a reduction of the arrhythmic burden
and reduction of hospital admissions for heart failure wors-
ening [69]. GLP-1 agonists may also reduce postprandial
hypotension in treated elderly diabetic patients [70].

GLP-1 is a glucagon peptide, secreted from intestinal
cells after food ingestion and involved in the incretin effect
stimulating insulin secretion [71]. In animal models, the
activation of GLP-1 receptor improved improved insulin
sensitivity and secretion of of atrial natriuretic peptide that
induces vasodilatation and diuresis, highlighting a BP
reduction potential especially in renin dependent and
pressure overload hypertension [71–73]. Experimental data
shows that GLP-1 receptor signalling correlates with sym-
pathoadrenal activation causing opposing hemodynamic
6 www.jhypertension.com
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effects through the mediation of a and b-adrenoceptors. In
addition, in the presence of adrenoceptor antagonists and
in adrenal-demedullated rats, pressor and mesenteric vaso-
constrictor effects of exendin-4 were observed [74]. More-
over, a direct vascular effect has been proposed,
independently of nitric oxide and endothelium function
[75]. Body weight reduction is another possible explanation
of the BP reduction. GLP-1 regulates both appetite and food
intake acting in the central GLP-1 receptors, leading to
appetite reduction and weight loss [76,77]. While meta-
analyses confirm the significant reduction in body weight,
they also show heterogeneity in the outcome. Male patients
exposure to liraglutide was 24% lower than in females of
comparable body weight suggesting that male patients
more often were not compliant to treatment than female
ones [78] and exposure is positively correlated with weight
loss [79]. The response to GLP-1 administration seems to be
affected also by genetic variants [80,81].

In conclusions, glucose-lowering agents, which are
weight neutral (metformin, DPP-4 inhibitors) or induce
weight loss (SGLT-2 inhibitors and GLP-1 analogues),
should be the first choice for treatment of obese T2D
patients [1,82]. In patients with T2D and hypertension,
empagliflozin, canagliflozin and dapagliflozin reduced
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body weight and office SBP versus placebo irrespective of
the use of other antihypertensive drugs [8–10]. Regarding
BP, empagliflozin associated with approximately 4 and
2mmHg reductions in SBP and DBP. Liraglutide and sem-
aglutide also resulted in weight loss and lower SBP [11,12].
Preference for these drug classes in the context of T2D-
associated hypertension should be considered.

NONALCOHOLIC FATTY LIVER DISEASE
A NOVELOBESITY-ASSOCIATED
CARDIOVASCULAR RISK FACTOR
Nonalcoholic fatty liver disease (NAFLD) is the most prev-
alent liver disease worldwide with no approved pharma-
cotherapy [83]. Drugs that are approved for treatment of
T2D such as GLP-1 receptor agonist and SGLT-2 inhibitors
have shown early efficacy in nonalcoholic steatohepatitis
(NASH), together with beneficial cardiovascular and renal
effects [83]. Insulin resistance is involved in the pathogene-
sis of NAFLD as well as in the progression from steatosis to
NASH and it is postulated that modulation of insulin resis-
tance may be a potential strategy for NAFLD treatment [84].

GLP-1 can influence insulin resistance through promo-
tion of weight loss (delayed gastric emptying, appetite
supression) [84]. In addition to the effect on weight loss,
GLP-1 analogues have glucose-lowering effect, modulate
inflammation at multiple sites, improve cardiovascular
functions, decrease progression of diabetes-related kidney
dysfunction and ammeliorate NAFLD [85]. Clinical data
derived from heterogenous studies demonstrate the clinical
benefit of GLP-1 analogues on NAFLD and NASH by
improving liver insulin sensitivity acting both directly on
the liver and on peripheral metabolism [85]. The GLP-1
analogues attenuate hepatic steatosis partially acting
through mammalian sirtuin 1 [86]. Innate and adaptive
immune system cells can be modulated via GLP-1 receptors
action and GLP-1 analogues have been shown to modulate
liver fibrosis and reduce NASH progression [85]. In the
Liraglutide Efficacy and Action in Nonalchololic steatohe-
patitis trial patients treated with 1.8 mg of liraglutide met the
primary end-point of NASH resolution without worsening
of fibrosis [87]. Hepatoprotective effect was also demon-
strated for exenatide. In several randomized clinical studies
involving obese and diabetic patients, treatment with exe-
natide reduced liver enzymes, hepatic fat content and
hepatic triglycerides [88]. Another GLP-1 agonist, semaglu-
tide, is currently under investigation for safety and efficacy
in NASH. Duration of trial in IIb phases is 72 weeks and it is
expected to be finished in July 2019, with NASH resolution
without worsening of fibrosis as a primarty outcome [88].
Semaglutide efficacy did not appear to be affected by
hepatic impairment and it was suggested that dose adjust-
ments may not be necessary in patients with hepatic
impairment [89]. In an analysis of 12 randomized controlled
trials with lixisenatide, it was shown that lixisenatide
increases the proportion of obese or overweight patients
with type 2 diabetes who achieve normalization of
alanine transaminase (ALT) [90]. In fifteen biopsy-proven
NAFLD patients with T2D, treatment with dulaglutide
0.75 mg for 12 weeks significantly decreased transaminase
activities [91].
Journal of Hypertension
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Recent findings from randomized controlled studies and
open-label studies have shown that SGLT-2 inhibitors are
able to reduce fatty liver content, assessed by different
imaging techniques, and improve biological markers of
NAFLD in patients with T2D [92]. In addition, SGLT-2
inhibitors can reduce systemic and tissue low-grade inflam-
mation and improve oxidative stress by either ammeliora-
tion of free-radical generation or potentiation of cellular
antioxidative capacity [93,94]. It was shown that SGLT-2
inhibitors may be liver-protective through reduction of liver
fat content [92]. Inclusion of empaglifozin in a standard
treatment at a dose of 10mg reduces liver fat and improves
ALT levels in patients with type 2 diabetes and NAFLD [95].
Another SGLT-2 inhibitor, ipraglifozin, also reduces liver fat
in patients with type 2 diabetes and NAFLD [96]. Luseogli-
fozin (a novel SGLT-2 inhibitor) also significantly reduced
liver fat in patients with type 2 diabetes [97]. Improved
serum ALT and gamma-glutamyl transferase levels were
obeserved during a clinical study with the SGLT-2 inhibitor
canaglifozin in patients with type 2 diabetes [98]. Histologi-
cal improvement was observed in a small group of patients
with NASH and type 2 diabetes after canaglifozin therapy
for 24 weeks [99]. In a pilot study with nine biopsy proven
NASH patients with T2D, empaglifozin in a dose of 25mg
daily was used for 24 weeks and liver biopsy was repeated
at the end of treatment. Empaglifozin treatment resulted in
significantly greater improvements in steatosis, cell balloon-
ing and fibrosis in comparison with controls. The authors
concluded that empaglifozin may be useful for the treat-
ment of NASH [100].

Currently, these liver-protective effects through reducing
fat liver content were demonstrated for most of the available
SGLT-2 inibitors including canaglifozin, dapaglifozin, empa-
glifozin, luseoglifozin and ipraglifozin, indicating the exis-
tence of a class effect of SGLT-2 inhibitors in NAFLD [92].

PERSPECTIVES
Cardiovascular disease is the leading cause of mortality in
patients with diabetes. Recent studies in large cohorts of
patients with T2D went beyond glucose control to cardio-
vascular risk reduction. cardiovascular specialists are play-
ing a key role in the secondary prevention of cardiovascular
disease in patients with T2D. Both SGLT-2 inhibitors and
GLP-1 analogues promote weight loss and reduce SBP
which are clearly mechanisms contributing to cardiovascu-
lar risk reductions in obese T2D patients beyond glycaemic
control. Thus, these agents may be useful in the glycaemic
control of T2D obese patients with uncontrolled or resistant
hypertension. Future specific clinical trials are needed, to
further test this hypothesis. Although no information is
available on the effects of these medications in nondiabetic,
nonhypertensive obese patients evaluation of the hemody-
namic and metabolic parameters if these medications are
used in this subgroup of obese patients could be important.
Current evidence suggest that SGLT-2 inhibitors [101] and
GLP-1 analogues have a positive impact on cardiovascular
risk prevention, reducing hard clinical end points in the
secondary prevention trials, and have been associated with
prevention of heart failure and renal disease endpoints in
primary prevention studies.
www.jhypertension.com 7
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