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Learning objectives
You will learn:

• The pathophysiological drivers of kidney disease and diabetes

• The signs and symptoms of chronic kidney disease

• The importance of sodium glucose transport in the development of kidney disease in diabetes

• The standards of medical care when using SGLT-2 inhibitors.

The kidneys and type 2 diabetes – 
pathophysiologically linked
What are the pathophysiological links 
between the kidney and type 2 diabetes?

This is a crucial question, because about 
40% of people with type 2 diabetes will 
develop kidney disease in one form or 
another, and this is progressive in nature. 
It is driven by multiple factors, but one 
of the critical things that drives the 
development of kidney disease and dia-
betes is the sodium glucose transporter 

2 (SGLT-2). This is important because 
kidney disease leads to cardiovascular 
disease. 

It’s critical to note that when a diabetic 
patient moves from chronic kidney 
disease (CKD) stage 3 to CKD stage 4 
there is a very high mortality risk, so the 
patient with kidney disease and type 2 
diabetes is also at extremely high risk for 
cardiovascular disease.

This report was made possible 
by an unrestricted educational 
grant from Astrazeneca. 
The content of the report is 
independent of the sponsor.
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Having 
identified these 
crucial factors, 
the clinician can 
now strategise 
treatment 
to prevent 
cardiovascular 
and renal 
disease

Signs and symptoms of CKD
It is really important to note that CKD is 
largely asymptomatic – you have to lose 
over 80% of your kidney function before 

symptoms develop; usually these are really 
non-specific, but may manifest as oedema, 
shortness of breath and tiredness. 

Laboratory investigation essential
It is therefore essential for the clinician to 
investigate for signs of kidney disease. These 
are very simple: firstly, an albumin:creatinine 
ratio, which notes the presence of albumin 
in urine. There are three categories: normal, 
microalbuminuria, which is 3-30mg/mmol, 
and macroalbuminuria, i.e. greater than 
30mg/mmol.

The second test is the creatinine test, and 
the calculation of eGFR. The eGFR is 

sub-categorised into five stages: stage 1, >90ml/
min; stage 2, 60-90 ml/min; stage 3, 30-60ml/
min; stage 4, 15-30ml/min and stage 5, <15ml/
min. By combining the albumin:creatinine ratio 
and the eGFR you can work out the cardiovas-
cular and progressive renal risk in a particular 
patient. The more albuminuria is present and 
the lower the eGFR, the higher the risk (Figure 
1).Having identified these crucial factors, the 
clinician can now strategise treatment to pre-
vent cardiovascular and renal disease.

Figure 1. CKD progression

Persistent albuminuria categories
Description and range

A1 A2 A3

Normal to mildly 
increased

Moderately  
increased

Severerely  
increased

<30mg/g
<3mg/mmol

30–300mg/g
3–30mg/mmol

>300mg/g
>30mg/mmol
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G1 Normal to high ≥90 Monitor Refer

G2 Mildly decreased 60-89 DEC Monitor Refer

G3a
Mildly to moderately 

decreased
45-59 Monitor Monitor Refer

G3b
Moderately to  

severely decreased
30-44 Monitor Monitor Refer

G4 Severely decreased 15-29 Refer Refer Refer

G5 Kidney failure <15 Refer Refer Refer
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The sodium 
glucose 
transport 
inhibitor plays 
a crucial role 
in preventing 
cardiovascular 
disease, in 
particular by 
preventing heart 
failure

Importance of sodium glucose transport

Pivotal role of the SGLT-2 transporter
One of the crucial factors that drives the 
development of kidney disease in diabetes is 
the SGLT-2. This transporter, in the proximal 
tubule, reabsorbs sodium with glucose 
resulting in sodium overload and reduced 
sodium delivery to the juxtaglomerular 
apparatus. This results in activation of 
the renin angiotensin system (RAS) and 

tubuloglomerular feedback that leads to loss 
of autoregulation. In the diabetic kidney, this 
also results in transmission of systemic blood 
pressure directly into the glomerulus (Figure 
2). The glomerulus is very prone to pressure 
effects, and in this context high glucose levels 
result in progressive kidney disease and 
proteinuria.1,2

Role of sodium overload
What is the role of sodium overload? 
This is another critical question, relating to 
the SGLT-2 present in the proximal tubule 
of the kidney. This transporter links sodium 
and glucose reabsorption. However, when you 
have uncontrolled type 2 diabetes, excessive 
glucose enters the proximal tubule and has 
to be reabsorbed together with sodium. This 

results in sodium overload that causes hyper-
tension and potential risk of cardiac failure.

The sodium glucose transport inhibitor plays 
a crucial role in preventing cardiovascular 
disease, in particular by preventing heart 
failure.

Figure 2. Impaired tubuloglomerular feedback and activation of RAS, resulting in increased intraglomerular 
pressure in diabetes1, 2

Glomerulus

↑ SGLT-2

Increased Na absorption
↓ Renin
↑ Blood pressure
↑ ANP/BNP
↑ Renal blood flow

↓ Na delivery to 
juxtaglomerular apparatus 

(macula densa)

Activation of RAAS
TFG

Loss of autoregulation
↑ Glomerular pressure
↑ GFR or hyperfiltration
Greater filtration of glucose 
leading to a vicious circle

Up to 900mmol of additional Na 
reabsorbed in uncontrolled diabetes
Recommended dialy intake 100mmol
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SGLT-2 inhibitors

Improving outcomes today
A number of clinical trials have clearly shown the benefits of SGLT-2 inhibitors. 

Empagliflozin, cardiovascular outcomes and mortality in type 2 diabetes
The EMPA-REG study showed reduction in 
three-point MACE:3 reduction in heart fail-
ure, reduction in hard renal endpoints and, 
very importantly, a very significant reduction 

in heart failure hospitalisation. This study 
was performed in patients with established 
cardiovascular disease and type 2 diabetes.

Dapagliflozin and cardiovascular outcomes in type 2 diabetes
The second major study was DECLARE,4 
which was undertaken in patients at high risk 
of cardiovascular disease or with established 
cardiovascular disease, a slightly lower-risk 

population than that of EMPA-REG. This 
did not achieve the three-point MACE but 
showed significant reductions in heart failure, 
cardiovascular death and renal endpoints.

Canagliflozin and renal outcomes in type 2 diabetes and nephropathy
There were two major primary renal stud-
ies. In CREDENCE,5 canagliflozin showed 
a primary reduction in hard renal endpoints 

and cardiovascular endpoints. These were 
very significant. 

Dapagliflozin in patients with CKD
The DAPA CKD study,6 which was under-
taken in both diabetics and in non-diabetics, 
again showed overwhelming reductions in 

the primary endpoints of cardiovascular and 
renal events, heart failure, specific renal end-
points and cardiovascular death (Figure 3).

Figure 3. Primary composite outcome - sustained ≥50% eGFR, end-stage kidney disease, renal or cardiovascular 
death

a ESKD defined as the need for maintenance dialysis (peritoneal or haemodialysis) for at least 28 days and renal transplantation or sustained eGFR <15mL/min/1.73m2 for at least 28 days. 
Renal death was defined as death due to ESKD when dialysis treatment was deliberately withheld for any reason. 
CV = cardiovascular; DAPA = dapagliflozin; eGFR = estimated glomerular filtration rate; ESKD = end-stage kidney disease; HR = hazard raio; NNT = number needed to treat; RRR = relative 
risk reduction

No at Risk
DAPA 10mg 2 152 2 001 1 966 1 898 1 841 1 701 1 288 831 309
Placeob 2 152 1 993 1 936 1 858 1 791 1 664  1 232 774 270

Months from randomisation

Placebo
312 events

DAPA 10mg
197 events

NNT=19

HR (95% CI) 0.61 (0.51–0.72)
p-value 0.000000028
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If the clinician 
adheres to these 
guidelines, 
there should 
not be any 
adverse events 
in patients 
receiving SGLT-2 
inhibitors

Standards of medical care – use SGLT-2 inhibitors
So currently, based on these studies, most 
guidelines will recommend SGLT-2 inhibi-
tors for patients with an eGFR between 
30 and 60ml/min/1.73m2, with degrees of 

albuminuria. This is a class 1A recom-
mendation. Furthermore, these drugs are 
recommended for patients with established 
cardiovascular disease and type 2 diabetes.

Monitoring patients on SGLT-2 inhibitors

Starting an SGLT-2 inhibitor

Generally, when you start a SGLT-2 inhibitor 
there will be an initial reduction in eGFR of 
about 5-10%. This is not of concern, because 
what happens is the eGFR of the patient 
receiving this class of agent is then stabilised. 
In the long term, within 1-2 years, you can 
show significant reductions in endpoints. 
Another aspect you need to monitor is the 
albumin:creatinine ratio, and this should be 
significantly reduced. 

Other responses to be monitored are blood 
pressure and volume status. If  the patient 
is on high-dose diuretics, these agents may 

have to be reduced, or if  the blood pressure 
is completely normal, a slight reduction in 
antihypertensive therapy is recommended.

Other side-effects that need to be monitored 
are concerns about genital infection, and 
patients may need to be treated with local 
applications of clotrimazole or a similar 
drug. Urinary tract infections (UTIs) may be 
linked to these drugs; this is not yet certain. 
But if  there are symptoms of UTI, one needs 
to send a culture and treat appropriately. 
Genital infections are usually self-limiting.

Precautions
These drugs should probably not be used 
in frail, elderly patients because of the risk 
of dehydration. Crucially, you must make 
certain that these patients are not type 
1 diabetics, because then they are at risk 
for ketoacidosis; glucose levels may not 

necessarily be elevated in these patients. 

If  the clinician adheres to these guidelines, 
as I have outlined, there should not be any 
adverse events in patients receiving SGLT-2 
inhibitors.

SGLT-2 inhibitors - major advance in type 2 
diabetes
The SGLT-2 inhibitors are a major advance 
in the treatment of type 2 diabetes. We have 
now reached an era where we have drugs 

that not only lower glucose, but provide very 
important cardiovascular and renal benefits.

Who should be treated?
The patients in whom you should be using 
these drugs are those with established CKD, 
with an eGFR between 30 and 60, with some 
degree of albuminuria. A second group, in 
my view, is those patients with established 
cardiovascular disease, or at high risk for 
cardiovascular disease.

Furthermore, these are important drugs for 
patients who have a previous history of heart 
failure or who are at risk for heart failure and 
type 2 diabetes. In the future they may also 
be used for patients with CKD and cardio-
vascular disease without diabetes, but further 
information is needed on this issue.

http://www.denovomedica.com


Disclaimer
The views and opinions expressed in the article are those of the presenters and do not necessarily reflect 
those of the publisher or its sponsor. In all clinical instances, medical practitioners are referred to the 
product insert documentation as approved by relevant control authorities.

6  I  JULY 2021

Type 2 diabetes and the kidneys

EARN FREE
CPD POINTS

Are you a member of 
Southern Africa’s leading 

digital Continuing 
Professional Development 

website earning FREE 
CPD points with access to 

best practice content?

Only a few clicks and 
you can register to start 

earning today

Visit

For all Southern African 
healthcare professionals

www.denovomedica.com

DeNovo Medica

@deNovoMedica

deNovo Medica

Find us at

Published by

70 Arlington Street, Everglen, Cape Town, 7550
Tel: (021) 976 0485  I  info@denovomedica.com

© 2021 deNovo Medica
Reg: 2012/216456/07

This summary report was compiled for 
deNovo Medica by 
Julia Aalbers BSc Hons, based on the 
MedTalk presented by Prof Rayner

Key learnings

• Newer diabetic medications, notably the SGLT-2 inhibitors, offer both cardiovascular protection, especially 
in respect of heart failure, and kidney protection beyond glucose control

• The best benefits in respect of kidney protection occur in those with reduced eGFR and proteinuria

• They should not currently to be used in patients with an eGFR below 30ml/min

• These agents should even be considered as a treatment for both diabetic and non-diabetic patients with 
heart failure and CKD

• Further trials in patients with heart failure with preserved ejection fraction and CKD are awaited in both 
diabetic and non-diabetic patients.
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