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Abstract
The remarkable reductions in cardiovascular events and the blunting of the decline in kidney function observed in clinical trials
of patients with diabetes, cardiovascular disease, and/or chronic kidney disease treated with sodium-glucose co-transporter
2 (SGLT2) inhibitors are accompanied by a modest reduction in systolic (2–5 mm Hg) and diastolic (0.5–2.5 mm Hg) blood
pressure. Blood pressure reduction occurs across a spectrum of blood pressure elevations, possibly including those with resistant
hypertension, many of whom are already taking a variety of antihypertensive drugs. SGLT2 inhibitors appear to lower blood pressure
to a greater extent in hypertensive Black and Asian individuals than White individuals. Mechanisms by which SGLT2 inhibitors
likely contribute to blood pressure reduction and other cardiovascular and kidney benefits involve a variety of neuroendocrine,
kidney, and hemodynamic systems. Some of these components include osmotic diuresis and natriuresis with a consequent decline
in both interstitial and intravascular volume, weight reduction, a reduction in arterial stiffness, cardiac ventricular remodeling, loss
of salt sensitivity, a decrease in uric acid concentrations, and a complicated interaction with the renin-angiotensin-aldosterone
and sympathetic nervous systems. This review will provide an update on mechanisms purported to contribute to blood pressure
reduction and the cardiovascular and kidney benefits observed with this the class of agents.
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Introduction

A Review of Clinical Trials

Sodium-glucose co-transporter 2 (SGLT2) inhibitors are
primarily indicated as antihyperglycemic agents for patients
with diabetes mellitus, with substantial data supporting
cardiovascular and kidney benefits.[1] SGLT2 inhibitors also
reduce blood pressure regardless of the presence of diabetes.
Hypertension is an established risk factor cardiovascular disease,
kidney disease, and death.[2] There are numerous mechanisms
by which SGLT2 inhibitors affect blood pressure, but their
potential use as antihypertensive agents is unclear.[3] In this
review, we summarize pharmacological and clinical data that
inform the role of SGLT2 inhibitors in blood pressure reduction
among patients with and without diabetes.

Blood pressure reduction appears to be a class effect of SGLT2
inhibitors [Table 1].[4] A meta-analysis of SGLT2 inhibitor
trials based on seated clinic blood pressure measurements
demonstrated a mean systolic and diastolic blood pressure
reduction of 3.8 mg Hg and 1.6 mm Hg, respectively.[5] Similarly,
a meta-analysis of SGLT2 inhibitor trials based on 24-h
ambulatory blood pressure monitoring demonstrated a mean
systolic and diastolic blood pressure reduction of 3.8 mm Hg
and 1.8 mm Hg, respectively.[6] In initial cardiovascular outcome
trials, SGLT2 inhibitors improved cardiovascular outcomes
and reduced blood pressure among patients with diabetes. In
subsequent dedicated chronic kidney disease and heart failure
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Table 1: Selected randomized controlled trials of SGLT2 inhibitors among patients with diabetes, cardiovascular disease, and chronic
kidney disease
Trial

Intervention

n=

Baseline antihypertensive
agents reported (%)

Blood pressure observations

EMPA-REG
OUTCOME

Baseline Baseline blood
DM (%) pressure (mean±SD
mm Hg)
empagliflozin 7,020
100 SBP 135.3±16.9,
DBP 76.6±9.7

RAAS inhibitor 81.0, BB 65.2,
MRA 6.5, diuretic 43.7, CCB
32.6, renin inhibitor 0.6,
Other 8.2

Mean SBP/DBP at the end of study was
131.3/75.1 mm Hg. There was no significant
effect on the primary outcome/death from CV
causes among subgroups with SBP ≥140 versus
<140 mmHg or DBP ≥90 versus <90 mm Hg

CANVAS

canagliflozin 10,142

100

SBP 136.6±15.8,
DBP 77.7±9.7

RAAS inhibitor 80,
BB 53.5, diuretic 44.3

Significant reduction in blood pressure versus
placebo of SBP 3.93 mm Hg (4.30–3.56) and
DBP 1.39 mm Hg (1.61–1.17), P<0.001 (mean
difference [95% CI]). There was no significant
effect on the primary outcome among
subgroups with SBP ≥140 versus <140 mmHg
or DBP ≥90 versus <90 mm Hg

DECLARETIMI 58

dapagliflozin 17,160

100

SBP 135.1±15.3

RAAS inhibitor 81.3,
BB 52.4, diuretic 40.6

Significant reduction in blood pressure versus
placebo of SBP 2.7 mm Hg (2.4–3.0) and DBP
0.7 mm Hg (0.6–0.9) (least squared mean
difference [95% CI])

DAPA-HF

dapagliflozin

4,744

41.8

SBP 122.0±16.3

RAAS inhibitor 84.5,
ARB + neprolysin inhibitor
10.5, BB 96, MRA 71.5,
diuretic 93.4

Significant reduction in blood pressure versus
placebo from baseline to 2 weeks of SBP
2.54 mm Hg (3.33–1.76), P<0.001 (placebocorrected reduction [95% CI])

EMPERORREDUCED

empagliflozin 3,730

49.8

SBP 122.6±15.9

RAAS inhibitor 70.5, ARB + Non-significant reduction in blood pressure
neprolysin inhibitor 18.3,
versus placebo of SBP 0.7 mm Hg (1.8–0.4)
BB 94.7, MRA 70.1
[absolute reduction (95% CI)].

CREDENCE canagliflozin

4,401

100

SBP 140.0±15.6,
DBP 78.3±9.4

RAAS inhibitor 99.9,
BB 40.2, diuretic 46.7

Significant reduction in blood pressure versus
placebo of SBP 3.30 mm Hg (2.73–3.87) and
DBP 0.95 mm Hg (0.61–1.28) (mean difference
[95% CI])

DAPA-CKD

4,304

67.5

SBP 136.7±17.5,
DBP 77.5±10.7

RAAS inhibitor 98.4,
diuretic 43.1

The primary outcome was statistically
significant among both subgroups with SBP
≤130 mm Hg 0.44 (0.31–0.63) and >130 mm Hg
0.68 (0.56–0.84) (hazard ratio [95% CI])

dapagliflozin

DM: Diabetes mellitus, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, SD: Standard deviation, CI: Confidence interval, RAAS: Reninangiotensin-aldosterone system, ARB: Angiotensin receptor blockers, BB: Beta-blocker, CCB: Calcium channel blocker, MRA: Mineralocorticoid receptor
antagonist

trials, SGLT2 inhibitors improved outcomes and reduced blood
pressure among patients with and without diabetes. The extent
to which blood pressure reduction accounts for cardiovascular
and kidney benefits is unclear. A large meta-analysis of 40 clinical
trials was statistically underpowered to identify an association
between blood pressure reduction and cardiovascular
outcomes.[7]
Cardiovascular outcome trials

Cardiovascular outcome trials enrolled patients with Type 2
diabetes and varying baseline cardiovascular disease, kidney
disease, and hypertension. EMPA-REG OUTCOME
(Empagliflozin, Cardiovascular Outcomes, and Mortality in
Type 2 Diabetes) demonstrated a reduction of the primary
composite cardiovascular outcome of cardiovascular death,
non-fatal myocardial infarction, or nonfatal stroke among
40

patients with established atherosclerotic cardiovascular
disease.[8] Approximately 95% of patients enrolled in EMPAREG OUTCOME received baseline antihypertensive therapy.
Although EMPA-REG OUTCOME did not include a pre-specified
blood pressure endpoint, a post-trail analysis demonstrated an
decrease of systolic blood pressure by approximately 3–5 mm Hg
regardless of baseline systolic blood pressure or the presence of
heart failure.[9] CANVAS (Canagliflozin and Cardiovascular
and Renal Events in Type 2 Diabetes) and DECLARE-TIMI 58
(Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes)
enrolled patients with type 2 diabetes and either established
atherosclerotic cardiovascular disease or high cardiovascular risk,
including hypertension.[10,11] CANVAS demonstrated a reduction
in the primary composite cardiovascular outcome and a mean
reduction in systolic and diastolic blood pressure versus placebo
of 3.93 mm Hg and 1.39 mm Hg, respectively. DECLARE-TIMI
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58 demonstrated cardiovascular safety without a reduction
in the primary composite cardiovascular outcome (although
a significant reduction in hospitalization for heart failure was
observed) and a mean reduction in systolic and diastolic blood
pressure versus placebo was 2.7 and 0.7 mm Hg, respectively.
Heart failure

The primary composite cardiovascular outcomes in the
cardiovascular outcome trials were driven by reduced heart
failure events. In the subsequent heart failure trials, a marginal
blood pressure reduction was observed. EMPEROR-REDUCED
(Cardiovascular and Renal Outcomes with Empagliflozin
in Heart Failure) similarly demonstrated a reduction in
cardiovascular death or hospitalization for heart failure
regardless of baseline diabetes.[12] EMPEROR-REDUCED
reported a 0.7 mm Hg difference in systolic blood pressure
reduction versus placebo that was not statistically significant.
DAPA-HF (Dapagliflozin in Patients with Heart Failure and
Reduced Ejection Fraction) enrolled patients with and without
diabetes and there was a significant reduction in systolic blood
pressure versus placebo at 2 weeks in a secondary analysis.[13]
Blood pressure reduction is associated with reduced risk of acute
decompensated heart failure but low blood pressure is associated
with increased mortality among patients with heart failure.[14]
Both trials excluded patients with baseline hypotension. SGLT2
inhibitor-mediated blood pressure reduction may reflect
broader hemodynamic changes related to improved heart failure
outcomes.
Chronic kidney disease

Promising secondary microvascular outcomes in the
cardiovascular outcome trials prompted dedicated SGLT2
inhibitor clinical trials among patients with chronic kidney
disease. It was expected that pharmacological effects of SGLT2
inhibitors would attenuate with reduced kidney function given
their target of action in the proximal tubule.[15] However, SGLT2
inhibitors improved clinically meaningful kidney outcomes and
reduced blood pressure among patients with advanced kidney
disease. CREDENCE (Canagliflozin and Renal Outcomes in
Type 2 Diabetes and Nephropathy), a seminal kidney outcomes
study, enrolled patients with type 2 diabetes, an estimated
glomerular filtration rate (eGFR) 30–90 mL/min/1.73 m2,
and urine albumin to creatinine ratio >300–5000 mg/g.[16] In
CREDENCE, canagliflozin reduced the primary composite
kidney outcome by 33% and decreased the rate of diabetic kidney
disease progression by 2.74 mL/min/1.73 m2/year among a
cohort receiving maximally titrated angiotensin converting
enzyme (ACE) inhibitor or angiotensin receptor blocker (ARB)
therapy. Mean reduction of systolic and diastolic blood pressure
versus placebo was 3.30 mm Hg and 0.95 mm Hg, respectively.
Similarly, DAPA-CKD (Dapagliflozin and Prevention of Adverse
outcomes in Chronic Kidney Disease) investigated a primary
composite kidney outcome among patients with chronic kidney
disease, including one-third without diabetes. Dapagliflozin
Hypertension Journal ● Vol. 7:1 ● Jan-Mar 2021

yielded a clinically and statistically significant reduction of the
primary composite kidney outcome. A reduction in blood
pressure was also observed, with a similar effect on patients with
or without diabetes. A pooled analysis of five empagliflozin trials
also demonstrated systolic blood pressure reduction with SGLT2
inhibitors in patients with advanced chronic kidney disease.[17]
It was suggested that increased salt-sensitivity in patients with
chronic kidney disease allows for a persistent antihypertensive
effect despite reduced kidney function.[18]
Pharmacology of SGLT2 Inhibitors
The SGLT2 reabsorbs 90% of freely filtered glucose in the
proximal tubule of the nephron. Glucose reabsorption in the
kidney is an active process in using sodium gradients generated
by the Na+-K+-ATPase. Thus, inhibition of sodium and glucose
reabsorption in the proximal tubule produces natriuresis and
glucosuria. It is speculated that SGLT2 inhibitors lead to other
systemic anti-inflammatory, metabolic, and hemodynamic
changes.[19] The effect of SGLT2 inhibition on blood pressure is
multifactorial, but most likely involves extracellular fluid volume
reduction, interaction with the renin-angiotensin-aldosterone
system (RAAS), interaction with the sympathetic nervous
system, and changes in vascular compliance.
Extracellular fluid volume reduction

SGLT2 inhibitors cause osmotic diuresis and reduce circulating
blood volume. Natriuresis is related to direct inhibition of the
sodium-glucose cotransporter and partially by inhibition of the
Na+-H+ exchanger 3 (NHE3).[20] A pre-specified analysis of the
EMPA-HEART trial (Effect of Empagliflozin on Left Ventricular
Mass in Patients With Type 2 Diabetes Mellitus and Coronary
Artery Disease) measured extracellular fluid volume by cardiac
magnetic resonance among patients with Type 2 diabetes mellitus
and coronary artery disease. This analysis indeed demonstrated
a reduction in extracellular fluid volume over 24-week followup suggesting that SGLT2 inhibitors are effective diuretics.[21]
It is unlikely that extracellular fluid volume reduction accounts
entirely for blood pressure reduction. Whereas glucosuria
persists throughout SGLT2 inhibitor therapy, natriuresis
may attenuate over time. A placebo-controlled randomized
clinical of canagliflozin measured changes in plasma volume
among patients with type 2 diabetes. A modest initial increase
in urine volume approximately 160 mL per 24 h decreased to
approximately 50 mL per 24 h by week 12.[22] This suggests
compensatory changes in the distal nephron adapt to increase
sodium reabsorption following SGLT2 inhibition.
Interaction with RAAS

RAAS activation is a primary mediator of hypertension, chronic
inflammation, and oxidative stress. The interaction between SGLT2
inhibition and RAAS is complex. In mice models, SGLT2 inhibition
is effective for angiotensin II-mediated hypertension. Angiotensin
II is a primary RAAS end-product causing vasoconstriction,
41
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increased secretion of antidiuretic hormone and aldosterone, and
intraglomerular hypertension. In addition, observational data
suggest that the uricosuric effect of SGLT2 inhibition mitigates
RAAS activation and improves cardiovascular and kidney events.[23]
On the other hand, SGLT2 inhibition may initially activate the
RAAS as a response to osmotic diuresis and changes in extracellular
fluid volume. Some studies have demonstrated increased markers
of RAAS related to SGLT2 inhibition. In a preclinical model,
SGLT2 inhibitor increased intrarenal and systemic plasma renin
activity in mice with and without diabetes, although no changes in
renal angiotensin II were observed.[24]
Interaction with the sympathetic nervous system

Sympathetic nervous system activation both contributes to
hypertension and exacerbates endothelial dysfunction and
the progression of cardiovascular and kidney disease.[25]
SGLT2 inhibition may exert cardiovascular events and blood
pressure reduction through inhibition of sympathetic nervous
activity.[24] Sympathetic nervous system activation both
contributes to hypertension and exacerbates endothelial
dysfunction and the progression of cardiovascular and kidney
disease.[25] There are interactions between sympathetic
nervous system activity and SGLT2 expression in the kidney.
A sympatholytic effect of SGLT2 inhibitors may explain the
phenomenon of blood pressure reduction without a change in
pulse rate. In a preclinical model, norepinephrine increased
SGLT2 expression in the proximal tubule in vitro. Treatment
with dapagliflozin reduced markers of sympathetic nervous
system activation in both the heart and the kidney.[26] In a followup study of hypertensive mice, the authors suggest “cross-talk”
between SGLT2 inhibitor expression and renal innervation.[27]
Arterial stiffness

SGLT2 inhibitors may increase vascular compliance. Arterial
stiffness may contribute to afterload and cardiac workload. Renal
vascular stiffness may also be related to kidney injury. In a small
randomized controlled trial among patients with Type 1 diabetes
and normal blood pressure, empagliflozin was associated with
reduced indices of arterial stiffness. The authors reported no
difference in heart rate variability or sympathetic nervous activity
measured through adrenergic biomarkers.[28] A smaller post hoc
analysis including two cohorts from five empagliflozin trials
assessed markers of arterial stiffness and vascular resistance in
addition to blood pressure.[29] A separate study found no change
in arterial stiffness using cardio-ankle vascular index.[30] It is
unclear how indices of arterial stiffness used in these studies are
themselves influenced by blood pressure.
Interpreting the Role of SGLT2 Inhibitors in Blood
Pressure Reduction
SGLT2 inhibitor-mediated blood pressure reduction is observed
across clinical trials, irrespective of baseline hemoglobin A1c,
kidney function, or cardiovascular disease. The role of SGLT2
42
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inhibitors in blood pressure reduction will also depend on
baseline blood pressure, circadian blood pressure patterns, race,
and combination with other antihypertensive agents.
Baseline blood pressure

Patients with higher baseline blood pressure have a greater
response to antihypertensive agents and greater cardiovascular
disease risk reduction. Thus far, SGLT2 inhibitor-mediated
blood pressure reduction data are derived from patients with
well-controlled baseline blood pressure. In large cardiovascular
and kidney trials, for example, baseline systolic blood pressure
averages around 135 mm Hg. More studies of patients with
difficult-to-control or resistant hypertension are needed to
clarify the role of SGLT2 inhibitors as antihypertensive agents
and whether there are differences in the effect of individual
SGLT2 inhibitors on blood pressure. Based on their potential
mechanisms of action, SGLT2 inhibitors may be useful
in resistant hypertension, which is often characterized by
RAAS activation, sodium and fluid retention, and impaired
renal-pressure natriuresis.[31] A post hoc analysis of EMPAREG OUTCOME identified 22% of enrolled patients taking
three or more antihypertensive agents at baseline, which the
authors labeled presumed resistant hypertension. In this study,
empagliflozin demonstrated significant reduction in blood
pressure throughout the follow-up period regardless of presence
or absence of apparent resistant hypertension.[32]
Circadian patterns

Although SGLT2 inhibitors demonstrate a greater absolute blood
pressure reduction during the day than at night, their efficacy in
treating nocturnal hypertension may reduce cardiovascular disease
risk. Nocturnal hypertension and non-dipper nocturnal blood
pressure patterns are associated with increased cardiovascular
risk.[32] In pre-clinical models, SGLT2 inhibition restored rats
with nocturnal hypertension to a more physiologic dipper
profile.[34] The SACRA Study (24 h Blood Pressure–Lowering
Effect of a Sodium-Glucose Cotransporter 2 Inhibitor in Patients
With Diabetes and Uncontrolled Nocturnal Hypertension)
similarly reported nighttime blood pressure reduction among
patients taking empagliflozin with adequate glycemic control
but poorly controlled nocturnal hypertension.[35] In the EMPAHEART trial, empagliflozin demonstrated a significant reduction
in ambulatory blood pressure both during the day and night.
In addition to blood pressure reduction, empagliflozin was
associated with reduced left ventricular mass, a predictor of
adverse cardiovascular events and heart failure.[36]
Race

Race is thought to be an important factor in hypertension
pathogenesis, response to antihypertensive agents, and clinical
outcomes. Pooled ambulatory blood pressure monitoring data
suggest a greater antihypertensive response to SGLT2 inhibitors
among Black and Asian than White individuals.[37] Thus far, the
Hypertension Journal ● Vol. 7:1 ● Jan-Mar 2021
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reasons behind these differences are largely speculative and based
on information we have gleaned from other antihypertensive
agents. A salt-sensitive, low-renin hypertension phenotype is
prevalent in Asian and Black populations. Consequently, these
patients may have greater sensitivity to antihypertensive agents
that reduce both sodium and volume, like SGLT2 inhibitors.
Racial predispositions toward nocturnal hypertension may also
affect blood pressure response to SGLT2 inhibitors. Morning
hypertension is more common in non-Western populations, and
SGLT2 inhibitor studies among Asian patients with nocturnal
hypertension are promising. Notably, Black patients were largely
underrepresented in seminal SGLT2 inhibitor clinical trials. In a
smaller study with 166 participants, Ferdinand et al. investigated
the efficacy of empagliflozin compared to placebo among Black
patients with Type 2 diabetes and hypertension.[38] The study
included a primary glycemic control endpoint and multiple
secondary blood pressure endpoints but no cardiovascular
outcomes were reported. Mean ambulatory systolic blood
pressure was 146 mm Hg and one-third was receiving three or
more antihypertensive medications. Empagliflozin significantly
reduced 24-h ambulatory systolic blood pressure versus placebo
at 12 and 24 weeks by 8.39 mm Hg and 5.21 mm Hg, respectively.
Enrolling diverse study populations in future clinical trials are
imperative to better understand the role of SGLT2 inhibition in
blood pressure reduction.
Combination with other antihypertensive agents

SGLT2 inhibitor study populations have prevalent use of
other antihypertensive agents, particularly RAAS blockade.
SGLT2 inhibition may have synergism with RAAS blockade, a
cornerstone of management for patients with diabetes, chronic
kidney disease, or heart failure. On the single-nephron level,
SGLT2 inhibitors and RAAS inhibitors have complementary
effects on glomerular hypertension. SGLT2 inhibitors primarily
decrease glomerular pressures through afferent arteriolar
vasoconstriction, and RAAS blockers decrease glomerular
pressures through efferent arteriolar vasodilation. Both agents
cause anticipated hemodynamically mediated drops in eGFR
in addition to reduced blood pressure. Whereas a 30% change
in eGFR is permitted after initiating ACE inhibitors or ARBs,
it is uncertain what degree of eGFR is tolerable with SGLT2
inhibitors in combination with RAAS blockade. A meta-analysis
of eight randomized controlled trials, specific analysis of SGLT2
inhibition and RAAS inhibition in combination was not associated
with increased adverse events related to kidney function when
compared to either placebo or RAAS inhibition.[39] SGLT2
inhibitors may have similar antihypertensive efficacy as thiazide
diuretics.[40] However, SGLT2 inhibitors may demonstrate
less blood pressure reduction when used in combination with
diuretics. Weber et al. reported that the antihypertensive effect
was greater among patients receiving beta-blockade or calcium
channel-blockade at baseline than those receiving a thiazide
diuretic.[41] In this trial, patients were already receiving RAAS
inhibitors in addition to at least one other agent.
Hypertension Journal ● Vol. 7:1 ● Jan-Mar 2021

Safety

The most common adverse events associated with SGLT2
inhibitors are genital mycotic infections. Euglycemic
ketoacidosis, acute kidney injury, fracture, and amputation
are less common.[42] Risks associated with blood pressure
reduction are rare. SGLT2 inhibitors did not increase the risk
of orthostatic hypotension in an analysis of 19 randomized
clinical trials.[5] In the EMPA-REG BP study (Empagliflozin
Reduces Blood Pressure in Patients With Type 2 Diabetes and
Hypertension), a Phase 3 study that preceded EMPA-REG
OUTCOME, only one out of 825 patients experienced a drugrelated hypotension complication.[43] This is surprising given
the high base rate of autonomic dysfunction and predilection
for orthostatic hypotension among patients with diabetes. We
also note a lack of increase in heart rate with SGLT2 inhibitormediated blood pressure reduction, a phenomenon associated
with orthostatic hypotension. Some speculate that blood
pressure reduction, dehydration, and falls could increase the risk
of fractures and amputations.[44] An increased risk of fracture
and amputation in the CANVAS trial was ultimately not seen in
follow-up studies or meta-analyses.[45] Although elderly patients
may be at higher risk, a post hoc analysis of elderly patients from
the SARCA study did not identify hypotension or other adverse
events in patients ≥75 years.[46] Finally, the reduction of blood
pressure and fall in extracellular fluid volume raised concern
for kidney injury among susceptible patients. In general, the
drop in eGFR after initiation of SGLT2 inhibitors is associated
with decreased acute kidney injury, implicating a hemodynamic
phenomenon rather than glomerular, or tubular injury.[47]
Conclusion
SGLT2 inhibitors modestly lower blood pressure in patients
with and without diabetes, but at this time, there is insubstantial
evidence to support the use of SGLT2 inhibitors as an
antihypertensive agent per se. Blood pressure reduction alone
cannot account for the multiple cardiovascular and kidney benefits
observed in SGLT2 inhibitor trials. SGLT2 inhibitors likely have
multiple systemic mechanisms of action, including impact on
extracellular volume, RAAS, the sympathetic nervous system,
and arterial stiffness, which may all contribute to antihypertensive
effect. Regardless of specific antihypertensive mechanisms or the
degree of the antihypertensive effect, clinical data supporting
substantial reductions in cardiovascular disease, kidney disease,
and death among patients with and without diabetes strongly
supports the use of SGLT2 inhibitors for many patients.
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