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Abstract
Diabetic renal disease is associated with increased cardiovas-
cular risk and is one of the leading causes of end-stage renal
disease worldwide. A combination of hyperglycaemia and
hypertension drives the development and progression of
diabetic renal disease, with glomerular hyperfiltration being
an early manifestation of the disease process. Sodium-
glucose linked transporter 2 (SGLT2) inhibitors represent a
novel class of drugs that lower plasma glucose levels
through the inhibition of renal proximal tubular glucose
uptake and secondary glycosuria. 

Clinical evidence that SGLT2 inhibitors attenuate
glomerular hyperfiltration is complemented by animal data
suggesting that these agents can prevent progression of
diabetic renal disease. In clinical studies involving patients
with type 1 and type 2 diabetes, SGLT2 inhibition reduces
glomerular hyperfiltration and appears (albeit in post-hoc
and pooled analyses) to reduce urinary albumin excretion.
The longer term potential reno-protective effects of this class
of drugs are currently under evaluation in large randomised
clinical trials.  
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Introduction
Diabetic renal disease is the leading cause of end stage renal dis-
ease (ESRD) in the western world. The number of patients with
diabetes mellitus and renal disease remains high and represents
an important and challenging public health burden, despite re-
markable progress made in reducing the development and pro-
gression of diabetic renal disease in recent decades. Indeed,
diabetic renal disease occurs in approximately 30–35% of patients
with type 1 or type 2 diabetes.1 All-cause mortality in patients

with diabetic renal disease is nearly 20–40 times higher than that
in patients without nephropathy,1,2 and renal disease is an inde-
pendent and powerful risk factor for cardiovascular disease.   

Microalbuminuria is the earliest clinical manifestation of dia-
betic renal injury and serves as a biomarker of renal and vascular
injury in diabetes.3 Although the terms, “normoalbuminuria”,
“microalbuminuria” and “macroalbuminuria” (or “clinical albu-
minuria”), describe different categories of renal injury, it is im-
portant to remember that they are part of a continuum within
the relationship between albumin excretion and cardiorenal risk.3

The evolution of diabetic renal disease proceeds through
several distinct but interconnected phases: 
l an early phase of physiological abnormalities in renal function 
l a microalbuminuria phase
l a clinical phase of persistent clinical albuminuria 
l a decline in glomerular filtration rate (GFR) and ultimately ESRD.

SGLT2 inhibitors are a novel class of antidiabetic agents that
can potentially reduce blood pressure and weight and also may
have other reno-protective effects (Figure 1). The efficacy of
SGLT2 inhibitors has been reviewed in detail.4 Recent meta-
analyses of trials, in which SGLT2 inhibitors were used as
monotherapy or add-on treatment, demonstrated a reduction in
HbA1c of 0.6–0.7%, together with weight loss of 1.0–3.0 kg
and a small drop in systolic/diastolic blood pressures of 4 mmHg
and 2 mmHg respectively.5,6 

The inhibition of glucose reabsorption by SGLT2 inhibitors in
the proximal tubule is paralleled by the inhibition of sodium up-
take, which is believed to underlie the key beneficial effect of
this class of drugs on renal haemodynamics and functional
parameters. This review aims to summarise the potential reno-
protective effects of SGLT2 inhibitors. 

Glomerular hyperfiltration in diabetes
Glomerular hyperfiltration is defined by a GFR of 125–140 mL/
min/1.73 m2, or >2 standard deviations above the mean GFR in
normal, healthy individuals.7 In patients with type 1 diabetes,
glomerular hyperfiltration is a risk factor for the development of
progressive diabetic kidney disease: the odds of progression to
at least microalbuminuria in patients with hyperfiltration were
2.7 fold higher relative to patients with normofiltration.8 It can
be observed in 25–70% of patients with type 1 diabetes, often
early in the course of diabetes, and it is dependent on associated
glycaemic control, age, degree of albuminuria, diabetes dura-
tion, younger age of diabetes onset, and pubertal status.7-9 The
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prevalence in patients with type 2 diabetes is lower (5–40%).7-9

Interestingly, hyperfiltration is also associated with pre-diabetic
states such as impaired fasting glycaemia.9 The pathogenesis of
glomerular hyperfiltration is not fully clear, but haemodynamic
and tubular mechanisms are the likely main explanations (Boxes
1 and 2).

Renal effects of SGLT2 inhibition
Kidneys of healthy subjects filter about 180 g of glucose every day
and more than 99% of this glucose is reabsorbed.  About 90% of
glucose reabsorption occurs via SGLT2, expressed in the apical
epithelium of proximal tubular cells; SGLT1 is mainly expressed in
the brush borders of intestinal epithelial cells and in the proximal
renal tubule where it contributes to approximately 10% of glucose
reabsorption.

The expression and activity of SGLT2 are up-regulated in both
type 1 and type 2 diabetes, contributing to the pathogenesis of
hyperglycaemia.15 SGLT2 inhibition reduces sodium transport in
the proximal tubule and increases sodium delivery to the juxta-
glomerular apparatus, which leads to a reduction in glomerular
pressure and glomerular hyperfiltration (Figure 3b).16 This
amelioration in glomerular hyperfiltration is hypothesised to lead
to renoprotection. 
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Box 2.  The tubular hypothesis 

Hyperfiltration is initiated by increased sodium reabsorption coupled
to glucose transport mediated by SGLT1 and SGLT2 (Figures 2, 3a).9

Increased proximal reabsorption of sodium reduces delivery of
sodium to the macula densa, which senses this as a decline in
effective circulating volume and renal perfusion. This results in a
reduction in adenosine generation in the juxtaglomerular appara-
tus, leading to afferent arteriolar vasodilatation, increased renal
perfusion and increased GFR which is termed tubuloglomerular
feedback (Figure 2). In diabetes, the reduction in sodium delivery
to the distal nephron is a consequence of increased proximal reab-
sorption of sodium by SGLT2, independent of volume status. 

Hyperfiltration has been demonstrated to predict glomerular
morphological changes of diabetic renal disease and may
contribute to GFR decline.7 However, prospective studies and
randomised controlled trials are needed to demonstrate that
correction of hyperfiltration leads to improved renal outcomes
independently of other variables.

Figure 1. Putative mechanisms of renoprotection with SGLT2 inhibitors 

Metabolic effects of SGLT2 inhibitors

l HbA1c ↓
l Weight ↓

Renal effects of SGLT2 inhibitors

l Blood pressure ↓
l Inhibition of tubuloglomerular feedback 
l Proximal tubule Na+ reabsorption ↓
l Glomerular hyperfiltration ↓
l Tubular inflammation ↓
l Tubular fibrosis ↓

GLOBAL KIDNEY PROTECTION (?)

Box 1.  The haemodynamic hypothesis 

Hyperfiltration is the result of changes in afferent (pre-glomeru-
lar) and efferent (post-glomerular) arteriolar tone. Hypergly-
caemia increases a range of vasoactive mediators and activates
pathways involving the renin-angiotensin system, the nitric oxide
system, cyclooxygenase 2-derived prostanoids, protein kinase C
and endothelin, which result in afferent arteriolar vasodilatation
and efferent arteriolar vasoconstriction.7-9

Figure 2. Glomerular hyperfiltration mediated by 
tubuloglomerular feedback  

Decreased Na+ in distal nephron 
sensed by macula densa

Reduction in release of vasodilator adenosine

Afferent (pre-glomerular) arteriolar vasodilatation

Increase in single nephron GFR
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SGLT2 inhibition decreases hyperfiltration and histological
evidence of diabetic nephropathy in animal models of type 1 and
type 2 diabetes.9,17 Treatment with a SGLT2 inhibitor in an in vivo
model of type 1 diabetes leads to the amelioration of hypergly-
caemia-associated hyperfiltration, along with reduced levels of
albuminuria, kidney hypertrophy and inflammatory markers.17

Interestingly, experimental knockout of SGLT2 in diabetic mice
has no effects on the rise of markers of tubular damage such as
NGAL and KIM1.18 The effects of SGLT2 inhibitors on markers of
kidney injury in patients with type 2 diabetes are as yet
unknown. 

Animal data on SGLT2 blockade and reno-protection have
been supported by several recent clinical studies. Inhibition of
SGLT2 with empagliflozin (25 mg for 8 weeks) reduced glomeru-
lar hyperfiltration in an elegant study conducted in patients with
type 1 diabetes, with or without hyperfiltration (GFR >135 mL/
min or 90–134 mL/min, respectively).16 GFR dropped significantly
in this study only in patients with hyperfiltration, by 33 mL/min/
1.73m2 (during clamped euglycaemia) and 44 mL/min/1.73 m2

(during hyperglycaemia). Changes in GFR were accompanied by
a significant decline in effective renal plasma and renal blood
flow and by a significant rise in renal vascular resistance. These
findings suggest that the tubuloglomerular feedback plays an
important role in glomerular hyperfiltration and SGLT2 inhibitors
can attenuate this phenomenon. However, whether these short-
term changes in renal hyperfiltration translate into long-term
renal protection is unknown.

In four of the largest trials to date in patients with type 2
diabetes, a mild reduction in eGFR of 1.1–4.8 mL/min was
observed over 24–104 weeks of follow-up.19-21 A greater reduc-
tion in urine albumin to creatinine ratio (UACR) was observed
with canagliflozin 100 mg versus glimepiride in patients with
preserved renal function (eGFR >55 mL/min), despite equivalent
glucose lowering.21 However there were greater reductions in
blood pressure and body weight with SGLT2 inhibition and
hence these data do not provide a clear demonstration of a
glucose-independent effect on albuminuria. 

In a recent 2-year study, 252 patients with poorly controlled
type 2 diabetes and impaired renal function (mean eGFR
45.6 mL/min) were randomised to receive dapagliflozin 5 mg or
10 mg, or placebo. Mean eGFR decreased after one week of
dapagliflozin, but then remained stable throughout the remain-
der of the study, with similar mean changes from baseline in
eGFR at week 104 for the three groups (–1.71, –3.50 and
–2.38 mL/min, respectively).22 The authors attributed the early
drop in eGFR with dapagliflozin as a consequence of a modest
anti-diuretic effect and increased tubuloglomerular feedback,
with resultant afferent arteriolar vasoconstriction. Whether these
early changes in GFR translate to longer term reno-protection
remains to be proven. In this study, patients receiving
dapagliflozin did not significantly improve glycaemic control but
did have lower weight and blood pressure and were more likely
to regress to a lower albumin excretion category than patients
randomised to placebo.22
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Figure 3. Arteriolar tone, Na+/glucose reabsorption and tubuloglomerular feedback (TGF) in early diabetic renal disease (a) and 
effects of SGLT2 inhibition (b)   

a) Hyperfiltration in early diabetic renal disease  b) SGLT2 inhibition reduces hyperfiltration
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Canagliflozin 100 mg and 300 mg were associated with
changes from baseline in eGFR (–3.6 and –3.9 mL/min/1.73 m2,
respectively) in a 6-month study in 269 patients with type 2
diabetes and eGFR 30–50 mL/min/1.73 m2.23 A modest decre-
ment in eGFR (–1.4 mL/min/1.73 m2) was noted in those ran-
domised to placebo. Canagliflozin 100 and 300 mg were also
associated with significant decreases in UACR compared with
placebo in this study (median percent reductions of –29.9%,
–20.9%, and –7.5%, respectively). Progression of albuminuria
category (from normoalbuminuria to microalbuminuria or
macroalbuminuria, or from microalbuminuria to macroalbumin-
uria) occurred in 5.1% (canagliflozin 100 mg), 8.3%
(canagliflozin 300 mg), and 11.8% (placebo).

A randomised placebo-controlled double blind trial involving
75 patients with type 2 diabetes showed that reductions in
24-hour systolic blood pressure occurred with dapagliflozin
10 mg/day (–3.3 mmHg) or hydrochlorothiazide 25 mg/day
(–6.6 mmHg), compared with –0.9 mmHg for placebo.24 The
reduction in blood pressure observed with dapagliflozin was re-
lated to a possible diuretic effect secondary to increased sodium
excretion. Further information on the efficacy of SGLT2 inhibitors
in patients with renal impairment will come from the ongoing
clinical trial, “Evaluation of the Effects of Canagliflozin on Renal
and Cardiovascular Outcomes in Participants With Diabetic
Nephropathy (CREDENCE)”. This randomised, double blind
placebo-controlled clinical trial (NCT02065791) will investigate
the effects of canagliflozin 100 mg/day on the progression of
renal impairment and on clinical outcomes (cardiovascular death)
in patients with type 2 diabetes, stage 2 or 3 chronic kidney
disease and macroalbuminuria, who are receiving the current
standard of care, including a RAS blocker.  

In summary, SGLT2 inhibitors are a promising class of oral anti-
diabetic agents. At this stage, it is premature to say if early renal
haemodynamic changes induced by these drugs will translate
into reduced albumin excretion and reno-protection over the
long term. Certainly, the improvement in glycaemic and blood
pressure control mediated by SGLT2 inhibition is likely to have a
positive impact on preventing and/or delaying the progression
of diabetic kidney disease.   

Conclusions
SGLT2 inhibitors are a new class of antidiabetic agents with several
mechanisms of action independent of glucose lowering that may
offer potential reno-protection in diabetes. However, the results of
long-term clinical trials are required before this class of drugs can
be considered as an additional therapeutic option in clinical practice
for preventing or delaying the progression of diabetic renal disease. 
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- the more data, the more complete our understanding of this new treatment will be
- all contributors will be listed in publications arising from data submission

l  you are able to analyse your local data easily
l  you are invited to enter your patients’ data into the online tool on N3 (the NHS secure network)
l  the data will be automatically added to the national data in anonymised form
l  we can provide easy-to-complete paper proformas for use in clinic if preferred 

Does your centre use dapagliflozin (Forxiga)?

If yes, REGISTER YOUR CENTRE! by contacting abcd.audits@diabetologists.org.uk

Please remember:

ABCD launched a nationwide audit of dapagliflozin in the UK.

This audit is particularly important with dapaglifozin being the first of a new class of
drugs for diabetes, the SGLT2 inhibitors. We have a chance to assess real clinical efficacy

and safety of this new type of treatment by pooling our experience nationwide

Dapagliflozin (Forxiga)
Nationwide Audit in progress


