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Circadian blood pressure rhythm as a possible key
target of SGLT2 inhibitors used for the treatment
of Type 2 diabetes
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Accumulating evidence has demonstrated
that the prevalence of Type 2 diabetes

mellitus (T2DM) is rapidly increasing and
that renal and cardiovascular complications
often provoke serious conditions in diabetic
patients.1 Particularly, cardiovascular compli-
cations are the primary cause of death in
diabetic patients with nephropathy. Major
risk factors for cardiovascular disease (CVD)
in patients with T2DM include hypertension,
dyslipidemia, albuminuria (proteinuria) and
decreased glomerular filtration rate (GFR).2–4

In treating T2DM, it is important to
appropriately manage glucose and lipid meta-
bolism, body weight and blood pressure (BP)
and to suppress the development and pro-
gression of diabetic complications to restore
the quality of life to a level comparable with
healthy subjects. First-line therapy for T2DM
includes diet modifications and exercise
therapy, and if these measures are insufficient
anti-diabetic medications are prescribed.
Pharmacotherapy for T2DM consists of oral
and injectable treatments. It is increasingly
being reported that therapeutic intervention
in the early stages of disease progression is
important for the effective management of
T2DM and diabetic nephropathy; thus, the
specific diagnosis of albuminuria is a key
component of this approach. Therefore, the
Joint Committee on Diabetic Nephropathy of
the Japan Diabetes Society and the Japanese
Society of Nephrology has recently revised
its Classification of Diabetic Nephropathy
(Classification of Diabetic Nephropathy

2014),5 and the clinical significance of
albuminuria in the management of T2DM
has been highlighted in this new version.
In one example of the significance of
albuminuria to cardiovascular risk, a sub-
analysis of the Reduction of Endpoints in
NIDDM with the Angiotensin II Antagonist
Losartan (RENAAL) study and Irbesartan
Diabetic Nephropathy Trial (IDNT), which
included diabetic patients with overt albumi-
nuria, demonstrated that the reduction of
CVD risk was dependent not only on the
achievement of adequate BP control but also
on the sufficient decrease in albuminuria,
independent of the achieved BP levels.6

Therefore, therapeutic intervention to
effectively improve albuminuria is essential
for reducing CVD risk in patients with
T2DM, regardless of the stage of diabetic
nephropathy. To that end, appropriate
glycemic control, in addition to BP reduction,
is critical for reducing albuminuria in patients
with diabetic nephropathy. Achieving the
target HbA1c of o7.0% (National Glycohe-
moglobin Standardization Program (NGSP))
for glycemic control in T2DM patients with
microalbuminuria is recommended in the
Evidence-based Clinical Practice Guidelines
for Chronic Kidney Disease (CKD) by the
Japanese Society of Nephrology 2013.7 In a
recent post hoc subanalysis of the ADVANCE
trial, an intensive glucose-lowering regimen
(with a target HbA1C ofo6.5%) reduced the
risk of end-stage renal disease and led to
improvements in albuminuria.8 In addition, a
previous meta-analysis of randomized con-
trolled trials demonstrated that intensive
glucose-lowering treatment was associated
with a significant reduction in the risk of
microalbuminuria in patients with T2DM.9

Currently, managing T2DM in patients
with CKD represents a clinical challenge
because of limited treatment options, as
most oral anti-hyperglycemic agents exhibit
decreased efficacy and/or delayed clearance
and more adverse events in T2DM patients
with a GFR of o60 ml per min per
1.73 m2.10 Nevertheless, several previous
studies have demonstrated that intensified
multi-factorial intervention with tight glucose
regulation and renin–angiotensin system
blockers, aspirin and lipid-lowering agents
reduced the risk of CVD and death among
T2DM patients with microalbuminuria.11

Although several therapies, such as mineral-
ocorticoid receptor antagonists, are potential
options for reducing albuminuria,12,13

glycemic control might also help suppress
the onset of CVD in patients with albumi-
nuria. Furthermore, as the core target of
multifactorial intensive therapy for T2DM,
improved glycemic control is an important
factor for improving kidney outcomes and
achieving albuminuria remission.7,8

The recently developed SGLT2 inhibitors
are now clinically available in several coun-
tries including Japan. The SGLTs, or sodium
glucose co-transporters, encompass six iso-
forms: SGLT1–6. Among these, SGLT1 and
SGLT2 are expressed in the proximal tubules
of the kidney, and SGLT2 is responsible for
approximately 90% of glucose reabsorption
from the glomerular filtrate.14 Nearly all
filtered glucose in the kidney is reabsorbed
up until the point that the transporters reach
their maximum glucose capacity. The plasma
concentration at which this occurs is referred
to as the renal threshold for glucose (RTG).
Above this threshold, urinary glucose
excretion increases in proportion to the
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plasma glucose concentration. SGLT2 inhibi-
tors ameliorate hyperglycemia by lowering
the RTG, which results in increased reabsorp-
tion of glucose in the renal proximal tubules
and increased urinary excretion of glucose,
also referred to as glycosuria. Empagliflozin is
an oral SGLT2 inhibitor developed for the
treatment of patients with T2DM that
increases glycosuria and osmotic diuresis by
lowering the RTG, thereby reducing plasma
glucose concentrations in patients with
hyperglycemia. Increased urinary glucose
excretion also results in weight reduction
due to caloric loss as well as a reduction in
BP that is likely to be a secondary effect of
osmotic diuresis.15

Appropriate BP management is an
important component of a therapeutic
regimen for patients with T2DM. Out-of-
office BP measurements, such as home
BP and ambulatory BP measurements, are
recommended for estimating circadian BP
rhythm. Appropriate management of circa-
dian BP rhythm is an important factor for
preventing renal deterioration and cardio-
vascular complications in patients with
T2DM,16 as increases in nocturnal BP and
exaggerated BP variability in home BP and
ambulatory BP measurements are associated
with albuminuria progression and the
occurrence of CVD in these patients.17–21

Antihypertensive therapies that not only
decrease BP measurements in the clinical
setting but also improve nocturnal hyper-
tension and/or exaggerated BP variability
are attractive candidates for a sophisticated
therapeutic strategy.
Recently, the results of the EMPA-REG

OUTCOME study demonstrated that add-on

treatment with empagliflozin significantly
reduced the occurrence of the primary
composite cardiovascular outcome and death
in patients with T2DM.22 Although the car-
dioprotective effects of empagliflozin were
associated with BP reduction in the EMPA-
REG OUTCOME study, the potential effects
of empagliflozin on circadian BP rhythm have
not been investigated. Interestingly, a study by
Takeshige et al.23 in this issue identified a
direct correlation between the therapeutic
effects of empagliflozin and alterations in
circadian BP rhythm in salt-loaded obese
Otsuka Long Evans Tokushima Fatty
(OLETF) rats, a rat model of T2DM. The
authors reported that empagliflozin signifi-
cantly increased urinary glucose excretion and
improved glucose metabolism and insulin
resistance in obese OLETF rats.23 They
further demonstrated that empagliflozin
ameliorated salt-loading-mediated BP eleva-
tion and normalized aberrant diurnal BP
variations to a dipper profile, and these effects
were associated with an increase in urinary
sodium excretion and an increased incidence
of albuminuria reduction.23 The results of
these well-performed experiments are inter-
esting and also are important for understand-
ing the pathophysiology of altered circadian
BP rhythm and the potential therapeutic
impact of SGLT2 inhibitors on the patho-
genesis of T2DM. Furthermore, these findings
provide a plausible mechanistic link between
SGLT2 inhibitors and their potential protec-
tive effects on organs. Therefore, SGLT2
inhibitors might represent a promising
therapeutic strategy for effectively treating
both T2DM and diabetic nephropathy, and

further experimental and clinical evidence is
expected to address this hypothesis (Figure 1).
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Figure 1 A schematic representation of a potential mechanism for SGLT2 inhibitor-mediated improvements in circadian BP rhythm.
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