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COMMENT

An interesting cross-talk between the glucagon-like peptide-1
receptor axis and angiotensin receptor pathway for modulation of
renal sodium handling in obesity
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The number of patients with obesity-related disease is
increasing, and obesity is a major medical problem asso-
ciated with the development of hypertension, type 2 dia-
betes (T2DM), dyslipidemia, and ultimately life-threatening
cardiovascular disease (CVD) [1]. Obesity is reportedly
often accompanied by hypertension, and obesity-related
hypertension is closely associated with the development of
systemic atherosclerosis along with T2DM and dyslipide-
mia, resulting in increased CVD morbidity [2]. Therefore,
there is a need for new treatment strategies for the man-
agement of both obesity and hypertension [3, 4]. It is also
reportedly shown that patients with T2DM are increasing in
number, and renal and cardiovascular complications often
provoke serious conditions in diabetic patients [5]. Cardi-
ovascular complications are the main cause of death in
diabetic patients with nephropathy, and major risk factors
for CVD in these patients include hypertension, dyslipide-
mia, albuminuria (proteinuria), and a decreased glomerular
filtration rate (GFR) [6–9].
Diabetic patients are encouraged to strictly control their
blood glucose levels, as well as their blood pressure (BP)
levels. Recently developed drugs, such as glucagon-like
peptide (GLP)-1 receptor agonists, dipeptidyl peptidase
(DPP)-4 inhibitors and sodium glucose cotransporter-2
(SGLT2) inhibitors, also have hypotensive actions, mak-
ing them ideal for use in diabetic patients with hypertension
[10]. The results of large-scale clinical studies showed that
treatment with SGLT2 inhibitors significantly reduced the
occurrence of the primary composite cardiovascular

outcome in T2DM patients [11, 12], at least partly via
beneficial BP reduction by the SGLT2 inhibitor [13]. A
previous study examined a direct relationship between the
therapeutic effects of an SGLT2 inhibitor and an alteration
in circadian BP rhythm in salt-loaded obese Otsuka Long-
Evans Tokushima Fatty (OLETF) rats, a rat model of
T2DM, and showed that the SGLT2 inhibitor ameliorated
the salt loading-mediated BP elevation with normalization
of altered diurnal BP variation to a dipper profile, which
was associated with an increase in urinary sodium excretion
and a tendency toward a reduction in albuminuria [14].

GLP-1 is a gut incretin hormone that is considered a
promising therapeutic agent for T2DM because it stimulates
beta cell proliferation and insulin secretion in a glucose-
dependent manner. Although GLP-1 therapeutic use is
limited by its rapid inactivation by the DPP-4 enzyme that
results in a short plasma half-life, the use of GLP-1 receptor
agonists, GLP-1 analogs that are resistant to DPP-4 inacti-
vation and DPP-4 inhibitory agents were developed to
resolve these limitations [15].

The results of large-scale clinical studies show that
treatment with GLP-1 analogues significantly reduces the
occurrence of the primary composite cardiovascular out-
come in T2DM patients [16, 17]. In addition, concerning
the effects of GLP-1 in the kidney, cumulative evidence
supports a role for GLP-1 in modulating renal function, and
several previous studies show that GLP-1 is a physiologi-
cally relevant natriuretic factor that contributes to sodium
balance, in part via tonic modulation of Na+ /H+
exchanger isotope 3 (NHE3) activity in the renal proximal
tubules; however, the mechanisms by which GLP-1 induces
diuresis and natriuresis have not been completely estab-
lished [15, 18–20].

Interestingly, in this issue, Rodriguez et al examined the
effects of a GLP-1 receptor agonist, exenatide, in combi-
nation with AT1 receptor blockade by olmesartan, an ARB,
on urinary sodium excretion and elevated BP in diabetic
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OLETF rats [21]. The authors showed that the GLP-1
receptor agonist in combination with the ARB significantly
increased urinary sodium excretion but did not lead to a
further BP decrease, probably due to the compensatory HR
increases that occurred in the OLETF rats. The experiments
are well performed, and the results are interesting and
important for understanding the pathophysiology of
hypertension and the functional importance of GLP-1
receptor activation in T2DM. The results of this basic
study, which used an animal model of obesity hypertension,
were also consistent with the results of a previous sys-
tematic review and network meta-analysis that examined
the impact of GLP-1 receptor agonists on BP, heart rate and
hypertension among T2DM patients [22]. In the systematic
review and network meta-analysis, treatment with GLP-1
agonists was associated with modest BP reduction and a
slight increase in heart rate, yet no significant association
with hypertension was found [22].

Furthermore, previous studies showed that the renal
renin-angiotensin system plays a critical role in renal
sodium handling and BP regulation in pathophysiology
[23]. Therefore, possible effects of GLP-1 agonists on the
renal renin-angiotensin system, such as urinary angiotensi-
nogen excretion and possible crosstalk(s) between the renal
GLP-1 axis and renal renin-angiotensin system in the
modulation of renal sodium handling and BP regulation,
would be very interesting. The effects of activation of the
renin-angiotensin system via the binding of Ang II to AT1
receptors on NHE3 in the renal proximal tubules have been
extensively studied, and several studies have identified a
number of signal transduction pathways involved in NHE3
activation. The stimuli or conditions that cause upregulation

of NHE3 include Ang II-AT1 receptor signaling and the
sympathetic nervous system, whereas the GLP-1-GLP-1
receptor axis acts by inhibiting the NHE3-mediated Na
+ /H+ exchange [24, 25]. Therefore, the renal proximal
tubule may be a possible target of interest for the functional
cross-talk between Ang II-AT1 receptor signaling and the
GLP-1-receptor axis in the modulation of renal sodium
handling and regulation of BP in obesity-related hyperten-
sion, and further experiments and clinical evidence are
necessary to seek the answer (Fig. 1).
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Fig. 1 A schematic
representation of the dual
promotion of natriuresis by a
combination of GLP-1-GLP-1
receptor activation and Ang II-
AT1 receptor inhibition in the
renal proximal tubule in obesity
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