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Article points

1. In addition to their effects on 
glycaemic control and weight 
loss, evidence suggests that 
sodium–glucose cotransporter 2 
(SGLT2) inhibitors can 
improve cardiovascular and 
renal outcomes in people 
with type 2 diabetes.

2. Side effects include 
genitourinary infections and 
problems associated with 
diuresis, as well as a risk of 
diabetic ketoacidosis (DKA), 
which should be monitored 
for. In addition, there are some 
concerns about fracture and 
amputation risk, although 
the evidence is inconsistent

3. SGLT2 inhibitors may also 
have a role as an adjunct to 
insulin therapy in people with 
type 1 diabetes, although 
patient selection is important 
and close attention should 
be paid to the risk of DKA.
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The evidence base on the benefits and risks of using sodium–glucose cotransporter 2 
(SGLT2) inhibitors for the management of hyperglycaemia has grown in recent years, 
with data showing potential cardiovascular and renal benefits, along with safety 
concerns that warrant cautious use and monitoring in certain users. This article reviews 
the benefits and difficulties associated with the use of SGLT2 inhibitors in people with 
type 2 diabetes and, potentially, type 1 diabetes.

This article reviews the benefits and problems 
associated with the use of sodium–glucose 
cotransporter 2 (SGLT2) inhibitors and their 

place in the management of type 2 diabetes, and 
is an update on a previous review in this Journal 
(Morris, 2017). Recent evidence has clarified and 
strengthened the position of SGLT2 inhibitor use 
in type 2 diabetes, and there are also emerging data 
to support the utility of this class of drug in type 1 
diabetes, under restricted and supervised conditions.

How do SGLT2 inhibitors work?
The SGLT2 inhibitors prevent the resorption 
of glucose that has been filtered from the renal 
glomeruli. They achieve this by selectively inhibiting 
glucose transport at the SGLT2 transporter site. 
As a consequence, glucose is lost in the urine to the 
extent of 60–80 g per day. Further details on the 
mechanism of action are described in Morris (2017).

Licensed uses
Four SGLT2 inhibitors are currently available in 
the UK: dapagliflozin, canagliflozin, empagliflozin 
and, most recently, ertugliflozin. The licenses have 
a broad remit, allowing the use of the class in type 2 
diabetes as monotherapy or in combination with 
other glucose-lowering agents, including insulin, 

when diet and exercise (and other treatments) do not 
provide adequate glycaemic control.

The dose regimens of the SGLT2 inhibitors, 
including their availability as fixed-dose 
combinations with other agents, are shown in Table 1.

When should SGLT2 inhibitors be avoided? 
There are a number of situations when SGLT2 
inhibitors should be used with caution or avoided 
(Wilding et al, 2018). These are outlined in Box 1.

An important restriction in the licensed use is 
the instruction not to initiate SGLT2 inhibitors 
if estimated glomerular function (eGFR) is 
<60 mL/min/1.73 m2. Once initiated, however, the 
SGLT2 inhibitors may be continued down to an 
eGFR of 45 mL/min/1.73 m2 before discontinuation 
(the lower doses of canagliflozin, empagliflozin and 
ertugliflozin should be used if eGFR falls below 
60). With this in mind, renal function should be 
checked at least annually, and more frequently if 
eGFR is <60 mL/min/1.73 m2.

Benefits of SGLT2 inhibitors
The SGLT2 inhibitors are effective in improving 
glycaemic control either as monotherapy 
or in combination with other antidiabetes 
agents, consistently reducing HbA1c by around 
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6–11 mmol/mol (0.5–1.0%) in clinical trials, and 
with greater reductions seen in individuals with 
higher baseline levels of HbA1c (SIGN, 2017; Davies 
et al, 2018; Marshall, 2018). Weight reduction 
(typically 2–3 kg) and a small reduction in blood 
pressure (typically 4/2 mmHg) are also associated 
with SGLT2 inhibitor use: both desirable outcomes 
in type 2 diabetes.

An important safety feature of the class is that 
they do not in themselves increase the risk of 
hypoglycaemia. Hypoglycaemia is only problematic 
in the context of an individual taking other diabetes 
medications that predispose to hypoglycaemia, such 
as insulin, sulfonylureas and meglitinides; in these 
situations, it might be prudent to reduce the dose of 
the latter medications on an individual basis. It is the 
author’s practice to halve the dose of sulfonylurea or 
meglitinide, and to cut the insulin dose by around 
20% unless the starting HbA1c is particularly high.

A list of the clinical benefits of SGLT2 
inhibitors is summarised in Box 2. Of note are the 
cardiovascular and renal benefits, the evidence of 
are discussed in detail below.

Cardiovascular benefits
There is now convincing evidence from the 
cardiovascular outcome trials (CVOTs) of 

Box 1. Situations when SGLT2 inhibitors should not be used.

• Situations where endogenous insulin production is compromised (e.g. type 1 diabetes*, 

pancreatogenic diabetes, latent autoimmune disease in adults)

• Previous diabetic ketoacidosis

• Acute illness/volume depletion

• Recurrent fungal genital/urinary tract infection

• Low BMI, ketogenic diet or eating disorder

• Pregnancy/breastfeeding

• Excessive alcohol intake

• Elevated haematocrit

• Avoid initiation if estimated glomerular filtration rate (eGFR) is <60 mL/min/1.73 m2; 

avoid continuation if eGFR is <45 mL/min/1.73 m2

• Avoid if existing diabetic foot ulcer, caution if history of foot ulceration

• Caution if previous lower limb amputation

• Caution with loop diuretics†

• Caution in frail elderly‡

• Caution with history of osteoporosis or fracture

• If HbA1c is very high, consider insulin in preference to SGLT2 inhibitor

*Licences are being sought for the use of SGLT inhibitors in type 1 diabetes, and 

dapagliflozin and sotagliflozin are currently approved in Europe.

†Licences advise avoid loop diuretics with dapagliflozin and canagliflozin.

‡Licences advise avoiding dapagliflozin in people aged >75 years and empagliflozin in 

those aged >85 years.

Medication Dose (mg) Frequency

Dapagliflozin 5; 10 Once daily

Dapagliflozin/

metformin

5/850; 5/1000 Twice daily, with food

Dapagliflozin/

saxagliptin

10/5 Once daily

Canagliflozin 100; 300 Once daily, before first meal of day

Canagliflozin/

metformin

50/850; 50/1000; 150/850; 

150/1000

Twice daily, with food

Empagliflozin 10; 25 Once daily

Empagliflozin/

metformin

5/850; 5/1000; 12.5/850; 

12.5/1000

Twice daily, with food

Empagliflozin/

linagliptin

10/5; 25/5 Once daily

Ertugliflozin 5; 15 Once daily

Table 1. Available SGLT2 inhibitor preparations. Box 2. Clinical benefits of SGLT2 inhibitors.

• Effective HbA1c reduction

• Weight loss

• Small reduction in blood pressure

• Low risk of hypoglycaemia

• Avoidance of fingerprick blood glucose 

monitoring (in absence of other agents inducing 

hypoglycaemia)

• Once-daily, oral agent (or twice-daily if given in 

combination with metformin)

• Flexibility to use with other antidiabetes agents

• Cardiovascular protection (in established 

cardiovascular disease), benefit in heart failure*

• Renoprotection (in diabetic nephropathy)†

*Evidence for empagliflozin, canagliflozin and 

dapagliflozin; trials ongoing for ertugliflozin.
†Evidence as primary endpoint for canagliflozin 

only. Data for dapagliflozin and empagliflozin 

currently available from secondary endpoints only, 

and no published outcomes data for ertugliflozin.
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empagliflozin, canagliflozin and dapagliflozin 
that SGLT2 inhibitors can have a cardioprotective 
effect in people with type 2 diabetes. A summary 
of the cardiovascular findings from the CVOTs for 
empagliflozin, canagliflozin and dapagliflozin is 
presented in Table 2.

The first evidence of cardiovascular benefit 
came in 2015 from the landmark EMPA-REG 
OUTCOME study (Zinman et al, 2015). For 
the primary outcome, comprising a composite 
of death from cardiovascular causes, non-fatal 
myocardial infarction or non-fatal stroke, there was 
a significant 14% relative risk reduction (RRR) 
with empagliflozin versus placebo (an absolute 
risk reduction of 1.6%). This was followed in 2017 
by the CANVAS trial, which again showed a 14% 
RRR in the primary outcome with canagliflozin 
(Neal et al, 2017).

DECLARE-TIMI 58 (Wiviott et al, 2019) was 
notable in that two thirds of its participants did 
not have established cardiovascular disease – it was 
predominantly a primary prevention cohort rather 
than a secondary prevention cohort as seen in the 

empagliflozin and canagliflozin CVOTs. Whilst 
there was a trend towards a reduced risk of the 
primary outcome with dapagliflozin, this did not 
reach significance. There was, however, a reduction 
in the composite outcome of cardiovascular death 
and hospitalisation for heart failure (HHF), driven 
largely by a 27% RRR in HHF, which occurred 
regardless of history of CVD or heart failure.

The CVOT for ertugliflozin is expected to be 
reported at the end of 2019.

A further trial worthy of mention is CVD-REAL, 
an observational study of over 300 000 people with 
type 2 diabetes across five countries, half of whom 
received an SGLT2 inhibitor (mainly dapagliflozin 
or canagliflozin) and half an alternative oral 
antidiabetes drug (Kosiborod et al, 2017). Only a 
minority of individuals in the study had established 
CVD. SGLT2 inhibitors were associated with a 
39% lower risk of heart failure and a 51% lower risk 
of all-cause mortality. Benefits were seen in both 
people with established CVD and those without. 
Whilst the study was observational in nature, and 
therefore causality cannot be proved, it has the merit 

Trial Study drugs Cohort Primary endpoint(s) and results Secondary CV endpoints (significant results)

EMPA-REG 

OUTCOME 

(Zinman et al, 2015)

Empagliflozin 

10 mg or 25 mg 

vs placebo

T2D and established 

CVD; n=7020

Composite of CV death, 

non-fatal MI or non-fatal stroke 

(HR=0.86; CI=0.74–0.99)

CV death (HR=0.62; CI=0.49–0.77) 

All-cause death (HR=0.68; CI=0.57–0.82) 

HHF (HR=0.65; CI=0.50–0.85) 

 

CANVAS 

(Neal et al, 2017)

Canagliflozin 

100 mg or 300 mg 

vs placebo

T2D and established 

CVD (66%) or ≥2 CVD 

risk factors (33%); 

n=10142

Composite of CV death, 

non-fatal MI or non-fatal stroke 

(HR=0.86; CI=0.75–0.97)

HHF (HR=0.67; CI=0.52–0.87)

DECLARE-TIMI 58 

Wiviott et al, 2019

Dapagliflozin 

10 mg 

vs placebo

T2D and established 

CVD (41%) or ≥2 CVD 

risk factors (59%); 

n=17160

Composite of CV death,  

non-fatal MI or non-fatal stroke 

(HR=0.93; CI=0.84–1.03; 

difference non-significant)

Composite of CV death or HHF  

(HR=0.83; CI=0.73−0.95)

HHF (HR=0.73; CI=0.61−0.88)

VERTIS CV 

(Clinicaltrials.gov 

identifier:  

NCT01986881)

Ertugliflozin  

5 mg or 15 mg 

vs placebo

Study ongoing Study ongoing Study ongoing

CI=95% confidence interval; CV=cardiovascular; CVD=cardiovascular disease; eGFR=estimated glomerular filtration rate; ESRD=end-stage renal 

disease; HHF=hospitalisation for heart failure; HR=hazard ratio; MI=myocardial infarction; T2D=type 2 diabetes.

Table 2. Cardiovascular outcome trial results for the SGLT2 inhibitors.
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of being a large study in the “real world”, outside the 
confines of a clinical trial.

So what can we learn from these studies? In 
individuals with established CVD, the SGLT2 
inhibitors empagliflozin and canagliflozin appear to 
provide cardioprotection. In relation to heart failure, 
SGLT2 inhibitors as a class appear to confer benefit, 
both in those with established CVD and, in the case 
of dapagliflozin, in those without prior CVD or 
heart failure.

The mechanism behind the cardiovascular 
protection seen with SGLT2 inhibitors remains 
uncertain. Various hypotheses include blood 
pressure reduction secondary to osmotic diuresis 
and reduced vascular resistance; body weight 
reduction leading to lower visceral adiposity; and 
improved myocardial energetics following an 
alteration of hormonal balance in favour of glucagon 
that increases levels of beta-hydroxybutyrate 
(a ketone), a more efficient fuel for the heart 
(Ferrannini et al, 2016).

The SGLT2 inhibitors and renoprotection
Whilst a small fall of 3–4 mL/min/1.73 m2 
in  eGFR (reversible on discontinuation) occurs 
on commencing SGLT2 inhibitors, it is clear that, 
over the longer term, renal function stabilises and 
falls less than with placebo, and the progression of 
albuminuria is slowed (Wanner et al, 2016; Cherney 
et al, 2017; Neal et al, 2017; Marshall, 2018; Wiviott 
et al, 2019).

The CVOTs for empagliflozin, canagliflozin 
and dapagliflozin all included a composite renal 
endpoint as a secondary outcome (comprised 
variously of progression of albuminuria, reduction 
in eGFR/doubling of serum creatinine, the need 
for dialysis or death from a renal cause). In all three 
trials, substantial reductions in the composite renal 
outcomes were seen in people with type 2 diabetes 
(including those without established cardiovascular 
disease), consistent with a renoprotective effect 
(Wanner et al, 2016; Neal et al, 2017; Wiviott et 
al, 2019). The EMPA-KIDNEY and DAPA-CKD 
studies of empagliflozin and dapagliflozin, which 
are evaluating renal outcomes as the primary 
endpoint, are due to report within the next 
two years.

The recently reported CREDENCE study 
was a double-blind, randomised controlled trial 

comparing canagliflozin with placebo in people 
with type 2 diabetes and albuminuric diabetic 
kidney disease (Perkovic et al, 2019). The primary 
outcome was a composite of end-stage renal disease, 
doubling of serum creatinine and death from renal 
or cardiovascular causes. The 4401 participants 
enrolled in the study had an eGFR in the range of 
30–90 mL/min/1.73 m2 and were already receiving 
treatment with angiotensin-converting enzyme 
(ACE) inhibitors or angiotensin receptor blockers 
(ARBs). A significant 30% RRR for the primary 
outcome was demonstrated.

Thus, there is now strong evidence that SGLT2 
inhibitors may reduce the progression of diabetic 
nephropathy in type 2 diabetes, and that this 
benefit (like the cardiovascular benefits) persists at 
low eGFR.

The mechanism of renoprotection is thought 
to arise from vasoconstriction of the afferent 
glomerular arteriole and subsequent reduction 
in intraglomerular pressure, which protects 
the glomerular basement membrane, reducing 
albuminuria (Anders et al, 2016; Cherney et al, 
2017). It is noteworthy that the renoprotection from 
ACE inhibitors and ARBs operates via vasodilation 
of the efferent arteriole of the glomerulus, and 
so the renoprotective effects of these agents act 
in a complementary manner to those of the 
SGLT2 inhibitors.

Side effects
The problem of diabetic ketoacidosis
As usage of the SGLT2 inhibitors became more 
widespread, it became apparent that they were 
associated with a small increase in risk of diabetic 
ketoacidosis (DKA), a potentially life-threatening 
complication (Rosenstock and Ferrannini, 2015; 
Peters et al, 2015; Fralick et al, 2017). A significant 
proportion of cases were associated with ketosis-
prone diabetes (type 1 diabetes, latent autoimmune 
diabetes in adults, pancreatogenic diabetes, etc.). 
An important feature of DKA associated with 
SGLT2 inhibitors is that the complication may 
occur at only moderately elevated blood glucose 
levels (<14 mmol/L), in which case it is termed 
euglycaemic DKA. Regulatory bodies in Europe 
and the UK have issued warnings over the risk of 
DKA when using SGLT2 inhibitors (European 
Medicines Agency [EMA], 2016; MHRA, 2016). 

Learn more about 
managing cardiovascular 
disease, hypertension and 
dyslipidaemia in diabetes, 
as well as the latest evidence 
from the cardiovascular 
outcome trials.
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The EMA, however, concluded that the benefits of 
SGLT2 inhibitors continue to outweigh the risks in 
treatment of type 2 diabetes.

Situations predisposing to DKA in people taking 
SGLT2 inhibitors (typically where there is a relative 
insulin deficiency) are listed in Box 3 (EMA, 2016; 
MHRA, 2016; Wilding et al, 2018).

Symptoms of DKA include excessive thirst 
and urination, nausea and vomiting, abdominal 
pain, difficulty breathing, abnormal fatigue, 
confusion and a fruity smell of the breath. If 
individuals do develop these symptoms, they 
should seek immediate medical advice. Whilst 
blood glucose levels should also be checked, the 
key test is for blood ketones (preferable to urinary 
ketone testing). The implications of blood ketone 
levels are outlined in Table 3 but should always 
be interpreted in the light of the prevailing 
clinical picture.

If DKA is suspected then the SGLT2 inhibitor 
should be discontinued immediately. In the case of 

acute illness, dehydration or planned surgery, the 
SGLT2 inhibitor can be recommenced following 
recovery, but if there is no clear precipitating 
factor then it should not be restarted (EMA, 2016; 
MHRA, 2016).

Individuals with type 2 diabetes taking SGLT2 
inhibitors need to be advised how to avoid DKA (see 
Box 4), how to recognise it and what action to take 
if DKA is suspected. Clinicians need to be aware 
of the importance of testing for ketones if DKA is 
a possibility, even if blood glucose readings are not 
substantially elevated.

Genitourinary infection
The glycosuria induced by SGLT2 inhibitors 
predisposes to genital fungal infection and urinary 
tract infection (UTI). A meta-analysis of trials 
comparing SGLT2 inhibitors with placebo or 
other medications for type 2 diabetes showed that 
the class was associated with a five-fold increase in 
genital mycotic infections and a more modest 40% 
increase in UTIs (Vasilakou et al, 2013).

Candidal vulvovaginitis and balanitis are 
relatively common side-effects that are generally 
easily treated with topical (e.g. miconazole or 
clotrimazole cream for several days) or oral (e.g. 
fluconazole stat dose) antifungal agents. In most 
cases, they do not lead to treatment discontinuation. 
The strongest predictors of genital fungal infection 
are being female and having a previous history of 
infection (Thong et al, 2018). Recurrent and/or 
severe fungal infections may necessitate cessation of 
SGLT2 inhibitor therapy, although some individuals 
may choose to take prophylactic treatment 

Box 3. Situations predisposing to diabetic 
ketoacidosis with SGLT2 inhibitor use.

• Type 1 diabetes, latent autoimmune diabetes in 

adults, pancreatogenic diabetes

• Sudden reduction in insulin dose

• Acute illness/infection

• Dehydration

• Surgery

• Alcohol excess

• Fasting (carbohydrate restriction, ketogenic diet)

• Corticosteroid therapy

Box 4. Advice for patients on avoiding 
diabetic ketoacidosis when taking  
SGLT2 inhibitors.

• Maintain good fluid intake

• Avoid a very-low-carbohydrate diet

• Temporarily stop SGLT2 inhibitor in situation of 

acute illness, vomiting and diarrhoea, inability 

to eat or drink, 48 hours prior to planned major 

surgery (to reduce risk of ketoacidosis and acute 

kidney injury)

• Awareness of ketoacidosis symptoms

• If ketoacidosis suspected, stop SGLT2 inhibitor 

and seek medical advice (even if blood glucose 

levels are not unduly raised)

Blood ketone 

concentration

Urine ketone dipstick Interpretation

<0.6 mmol/L Negative Normal range

0.6–1.5 mmol/L Trace or + Potential problem; keep 

monitoring; seek medical advice 

if unwell

1.6–3.0 mmol/L ++ High risk of ketoacidosis; seek 

medical advice urgently

>3.0 mmol/L +++/++++ Likely ketoacidosis; immediate 

medical review needed

Table 3. Blood and urine ketone test results and interpretation. 
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(e.g. fortnightly fluconazole) in order to preserve the 
benefits achieved with SGLT2 inhibition.

The majority of UTIs are mild to moderate in 
severity (not upper UTIs) and respond well to 
standard therapy.

Fournier’s gangrene
Fournier’s gangrene is a necrotising fasciitis of the 
genitalia and perineum (predominantly in men) 
which is rare but potentially life-threatening. 
Diabetes is a known risk factor for Fournier’s 
gangrene, but post-marketing reports have raised the 
possibility of an association of this condition with 
use of SGLT2 inhibitors. The US Food and Drug 
Administration (2018) and the MHRA (2019) have 
issued warnings in this regard.

People taking SGLT2 inhibitors should be 
warned to seek urgent medical attention if they 
experience severe pain, tenderness, erythema or 
swelling in the genital/perineal area, along with 
fever or malaise. If Fournier’s gangrene is suspected 
then the SGLT2 inhibitor should be stopped 
immediately and urgent treatment commenced 
with antibiotics and, where necessary, surgical 
debridement (MHRA, 2019).

Diuretic side-effects
The glycosuria induced by SGLT2 inhibitors 
generates an osmotic diuresis that leads to more 
frequent voiding, which can be troublesome. There 
may be associated volume depletion side-effects, 
notably postural hypotension, which could be 
problematic in the elderly, who are more prone to 
dehydration. Thus, caution should be exercised 
when using SGLT2 inhibitors with diuretics and, 
generally, advice from the Summaries of Product 
Characteristics is to avoid combination with loop 
diuretics. Due to postural hypotension and the 
risk of acute kidney injury following circumstances 
of hypovolaemia/dehydration, the licences advise 
avoiding dapagliflozin in people aged >75 years and 
empagliflozin in those aged >85 years.

Amputation and fracture risk
In CANVAS, an increased risk of lower limb 
amputation was observed with canagliflozin 
(6.3  events per 1000 person-years) compared with 
placebo (3.4 events per 1000 person-years. Overall, 
71% of those affected had the highest amputation at 

the level of the toe or metatarsal (Neal et al, 2017). 
This increased risk was associated with previous 
amputation and the presence of peripheral vascular 
disease.

Whether or not this represents a class effect 
remains uncertain. Although the CVOTs of 
dapagliflozin and empagliflozin did not show this 
increased risk of amputation, the EMA determined 
that a warning should be included in the Prescribing 
Information for all drugs in the class (EMA, 2017).

NICE (2015) and MHRA (2017) have 
provided advice on reducing the risk of lower limb 
amputation when using SGLT2 inhibitors in type 2 
diabetes:
l Check feet regularly and follow preventative care.
l Report any foot infection or ulceration.
l Avoid initiation of SGLT2 inhibitors if active foot 

ulceration or if previous lower limb amputation.
l Be cautious about initiating SGLT2 inhibitors in 

people with peripheral vascular disease.
l Consider stopping SGLT2 inhibitors in cases of 

foot ulceration, osteomyelitis or gangrene.

Fracture
In the CANVAS study, which pooled data from two 
trials, CANVAS and CANVAS-R, a 26% increased 
risk of fracture was found with canagliflozin, with 
reduced bone mineral density at the hip, but not at 
other sites (Neal et al, 2017); however, this was only 
apparent in the CANVAS trial, not CANVAS-R. 
It has been postulated that the increased fracture 
risk may have been due to a greater occurrence of 
falls secondary to postural hypotension arising 
from the volume-depleting effects of canagliflozin. 
No change in incidence of fracture was evident in 
the CVOTs of dapagliflozin and empagliflozin 
(Zinman et al, 2015; Wiviott et al, 2019).

An observational study of over 17 000 
individuals with type 2 diabetes taking SGLT2 
inhibitors found that, compared with glucagon-
like peptide-1 receptor agonist therapy, SGLT2 
inhibitor use was associated with an increased risk 
of lower limb amputation but not bone fracture 
(Ueda et al, 2018).

Importantly, the CREDENCE trial, in contrast 
to CANVAS, did not find any increased risk of 
amputation or of fracture in those treated with 
canagliflozin versus placebo (Perkovic et al, 2019).

Thus, at this stage, the data on fracture risk are 

Page points

1. Owing to their diuretic 
effects, SGLT2 inhibitors can 
result in volume depletion, 
with effects such as postural 
hypotension, and so caution 
should be exercised when 
used with loop diuretics and 
in frail elderly people.

2. In certain trials, canagliflozin 
has been associated with 
an increased risk of lower 
limb amputation, and the 
European Medicines Agency 
has determined that a warning 
should be included in the 
Prescribing Information for 
all drugs in the class.

3. Canagliflozin has also been 
linked to an increased risk of 
fracture; however, the data 
on this are inconsistent, and 
other drugs in the class have 
shown no increased risk.

4. Fournier’s gangrene is a rare 
but serious genitourinary 
complication that may 
be associated with 
SGLT2 inhibitor use.



SGLT2 inhibitors – moving on with the evidence

Journal of Diabetes Nursing Volume 23 No 4 2019 7

inconsistent, and it is hard to draw firm conclusions 
(Wilding et al, 2018).

Guidelines
The NICE (2015) NG28 guideline recommends 
SGLT2 inhibitors as a second-line option to 
metformin should HbA1c rise to 58 mmol/
mol (7.5%), and places the class on an equal 
footing with dipeptidyl peptidase-4 inhibitors, 
sulfonylureas and pioglitazone; the appropriate 
option is to be selected on the basis of an 
individualised, patient-centred approach. 
Additionally, SGLT2 inhibitors could be 
considered as an option in triple therapy, including 
in combination with insulin. A NICE technology 
appraisal (TA390) also includes the possibility of 
using canagliflozin, dapagliflozin or empagliflozin 
as monotherapy for glycaemic control when diet 
and exercise are insufficient and metformin is 
not tolerated or is contraindicated (NICE, 2017). 
Thus far, ertugliflozin has been recommended 
as an option for monotherapy or dual therapy in 
combination with metformin for glycaemic control 
in type 2 diabetes (NICE, 2019), while advice on 
triple therapy is awaited.

The SIGN (2017) guidelines advocate a similar 
stepwise approach to treatment of hyperglycaemia 
in type 2 diabetes, but go a step further in 
recommending the preferential use of SGLT2 
inhibitors as a dual therapy option in those with 
established CVD, based on the positive findings of 
the EMPA-REG OUTCOME and CANVAS trials.

More recently, the American Diabetes 
Association/European Association for the Study of 
Diabetes (ADA/EASD) joint consensus report on 
management of hyperglycaemia in type 2 diabetes 
has further promoted the use of SGLT2 inhibitors 
based on assessment of individual circumstances 
according to comorbidities and needs (Davies et al, 
2018; Down, 2018). Thus, following diet/lifestyle 
and use of metformin, the use of SGLT2 
inhibitors for glycaemic control (provided eGFR is 
>60 mL/min/1.73 m2) is prioritised for those with:
l Established atherosclerotic cardiovascular disease 

(ASCVD)*
l Established ASCVD where heart failure coexists 

or is of special concern*.
l Chronic kidney disease (CKD) with or without 

ASCVD to reduce CKD progression.

l A compelling need to avoid hypoglycaemia.
l A compelling need to avoid weight gain.
*The cardiovascular benefits were seen in the 
empagliflozin and canagliflozin CVOTs. Following 
the publication of the ADA/EASD consensus 
statement, the dapagliflozin CVOT showed that 
heart failure benefits extended to those without 
established ASCVD.

NICE has recently announced that it will be 
updating the NG28 guideline to take into account 
the data that have emerged since 2015 (Down, 2019).

SGLT inhibitors in type 1 diabetes
The mechanism of action of SGLT2 inhibitors 
suggest that they may be effective as glucose-
lowering agents in type 1 diabetes, with weight 
loss as an added benefit to counter the weight 
gain expected with intensive insulin treatment. 
Evidence supporting this approach has been 
steadily accumulating but associated risks, notably 
that of DKA, will need to be carefully monitored 
(McCrimmon and Henry, 2018).

Two clinical trials, DEPICT-1 and DEPICT-2, 
demonstrated that adding dapagliflozin to insulin 
in people with type 1 diabetes led to improved 
glycaemic control (HbA1c reduction around 
4  mmol/mol [0.4%]), weight loss (around 3% 
of body weight), reduction in total insulin dose 
and increased time within the target glycaemic 
range of 4–10 mmol/L, with no increased risk of 
hypoglycaemia (Dandona et al, 2018; Mathieu et 
al, 2018). However, the risk of DKA was increased 
(event rates up to 4.0% vs 1.9% with placebo in 
DEPICT-1) and, as expected, so was the risk of 
genital tract infection.

Sotagliflozin is a dual SGLT1/SGLT2 inhibitor 
that has been investigated in Phase 3 clinical trials 
as an adjunct to insulin in people with type 1 
diabetes. The three inTandem trials demonstrated 
similar benefits to the DEPICT trials (Garg et 
al, 2017; Buse et al, 2018; Danne et al, 2018). 
A meta-analysis of randomised controlled trials 
comparing sotagliflozin with active comparators or 
placebo in adults with type 1 diabetes confirmed 
these benefits but reported that the risk of DKA 
was increased (relative risk, 3.93) and noted side-
effects of genital tract infection, diarrhoea (due 
to effects of SGLT1 inhibition on the gut) and 

Page points

1. Current NICE guidance (now 
undergoing review) places 
SGLT2 inhibitors on equal 
footing alongside DPP-4 
inhibitors, sulfonylureas and 
pioglitazine as second-line 
options to metformin.

2. Both SIGN and the ADA/EASD 
guidelines prioritise SGLT2 
inhibitors as a preferred 
second-line option in people 
with established cardiovascular 
disease. ADA/EASD 
recommend the drugs as the 
primary second-line option 
in people with heart failure 
or chronic kidney disease.

3. SGLT2 inhibitors are being 
evaluated as an adjunct to 
insulin therapy in people 
with type 1 diabetes, and 
have shown promise in 
lowering HbA1c and body 
weight, although the 
increased risk of diabetic 
ketoacidosis is a concern.

https://www.diabetesonthenet.com/journals/issue/552/article-details/new-adaeasd-guideline-huge-leap-forward-treatment-type-2-diabetes
https://www.diabetesonthenet.com/journals/issue/574/article-details/editorial-may-2019


SGLT2 inhibitors – moving on with the evidence

8 Journal of Diabetes Nursing Volume 23 No 4 2019

volume depletion (Musso et al, 2019). An important 
observation with inTandem3 was that individuals 
using insulin pumps were more likely to experience 
severe hypoglycaemia or DKA compared with those 
receiving subcutaneous injections (Garg et al, 2017).

In the EASE trials, empagliflozin showed 
improved glycaemic control and weight reduction in 
individuals with type 1 diabetes without increasing 
hypoglycaemia. DKA incidence was increased 
(except at a very low dose), as were genital infections 
(Rosenstock et al, 2018).

In light of the above evidence, both dapagliflozin 
and sotagliflozin have been approved by the EMA 
for use in adults with type 1 diabetes and a BMI 
>27  kg/m2 when insulin alone does not provide 
adequate glycaemic control.

When to use SGLT inhibitors in  
type 1 diabetes
The decision to use SGLT inhibitors in type 1 
diabetes will need to be carefully judged. Glycaemic 
and weight benefits seem clear, but these are modest 
and will need to be balanced against the (low) 
risk of DKA – a potentially fatal complication. 
Initiation should only be under the supervision of a 
diabetes specialist.

A strong emphasis needs to be placed on patient 
education (see Box 4), particularly in relation to 
recognition of symptoms and signs of DKA (and 
recognising that this may occur at relatively low 
levels of glycaemia: <14 mmol/L); the use of ketone 
monitoring and interpretation (see Table  3); and 
what action to take in response to these observations. 
Patient selection will be crucial. SGLT inhibitors 
should be avoided in people who struggle to adhere 
to their insulin regimen and those who have had 
previous episodes of DKA (Llano et al, 2019).

Primary care professionals will need awareness of 
the risk of DKA and the need to discontinue SGLT 
inhibitors when DKA is suspected and during acute 
illness (sick day rules), when the risk is of DKA is 
higher; in these situations, fluid management, 
maintenance of carbohydrate intake and increased 
insulin dosage are important (insulin should never 
be stopped in these circumstances).

NICE guidance on the use of dapagliflozin, 
sotagliflozin and empagliflozin as adjunctive 
treatment to insulin in type 1 diabetes is in 
development.

Conclusion
Recent evidence has propelled the SGLT2 
inhibitors to a position of increasing importance 
in the management of type 2 diabetes. In a variety 
of situations (established cardiovascular disease, 
heart failure, diabetic nephropathy), they may 
be considered a preferred option as an add-on to 
metformin therapy to improve glycaemic control, 
with associated benefits including weight loss, 
low risk of hypoglycaemia and versatility to use 
with other agents. Genital fungal infection is a 
common side effect, and DKA a rarer but serious 
complication of treatment. Use in primary care 
looks set to increase.

The utility of SGLT inhibitors in type 1 diabetes 
has been demonstrated, although use in practice 
will require cautious patient selection by a diabetes 
specialist and, subsequently, careful monitoring 
because of the increased risk of DKA. n
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About this series
The aim of the “How to” 
series is to provide readers 
with a guide to clinical 
procedures and aspects of 
diabetes care that are covered 
in the clinic setting.

What and why
People with diabetes do 
not necessarily experience 
illness more often than those 
without; however, if the 
diabetes is not managed well 
during illness it can escalate 
and result in more serious 
conditions, such as diabetic 
ketoacidosis, hyperosmolar 
hyperglycaemic state and 
acute kidney injury, which will 
require emergency hospital 
admission. It is, therefore, vital 
that the right advice is given to 
manage the initial illness.

The aims of managing a 
person with diabetes during 
intercurrent illness are to:

l Manage blood glucose 
levels

l Ensure adequate calorie 
intake and hydration with 
fluid replacement

l Test for and manage 
(if present) ketones 

l Recognise when further 
medical attention is 
required

Conditions that 
should trigger advice
Any intercurrent illness can 
cause glucose levels to rise. 
The following list of such 
illnesses is not exhaustive:

l The common cold
l Influenza
l Diarrhoea and vomiting
l Urinary tract infection
l Chest infection
l Pneumonia
l Abscess
l Injury (e.g. fracture)

Sick day rules

Signs of diabetic ketoacidosis
l Excessive thirst
l Polyuria
l Dehydration
l Shortness of breath and laboured breathing
l Abdominal pain
l Leg cramps
l Nausea and vomiting
l Mental confusion and drowsiness
l Ketones can be detected on the person’s breath 

(pear-drop smell) or in the blood or urine

!
DKA occurs in type 1 diabetes and can occur 
in type 2 diabetes at times of severe illness or, 
rarely, in those on SGLT2 inhibitor therapy. 
It requires urgent hospital admission.

How to advise on sick day rules

S SGLT2  
inhibitors

If taken during an acute illness that can lead to dehydration, there is an increased 
risk of developing euglycaemic DKA

A ACE 
inhibitors

If taken during an acute illness that can lead to dehydration, there is an increased 
risk of developing AKI due to reduced renal efferent vasoconstriction

D Diuretics If taken during an acute illness that can lead to dehydration, there is an increased 
risk of developing AKI

M Metformin If taken during an acute illness that can lead to dehydration, there is an increased 
risk of developing lactic acidosis

A ARBs If taken during an acute illness that can lead to dehydration, there is an increased 
risk of developing AKI

N NSAIDs If taken during an acute illness that can lead to dehydration, there is an increased 
risk of developing AKI due to reduced renal afferent vasodilation

Once the person is feeling better and able to eat and drink for 24–48 hours, these medications should be restarted.

SADMAN rules: There are several classes of drugs that should be temporarily stopped in 
conditions that could lead to complications

Signs of hyperosmolar hyperglycaemic state
l Typically seen after several days with glucose 

levels consistently above 30 mmol/L
l Disorientation or confusion
l Polyuria
l Thirst and dry mouth
l Nausea
l In the later stages, the person becomes drowsy 

and gradually loses consciousness

!
HHS is potentially life-threatening and 
requires urgent admission to hospital.

S 
(Sugar)

l Blood glucose levels can rise during illness even if the person is not eating
l Advise to increase blood glucose monitoring if the person has access to it
l Diabetes medications (sulfonylureas and insulin doses) may need to be increased 

temporarily during illness to manage these raised glucose levels

I 
(Insulin)

l NEVER stop insulin or oral diabetes medications*
l Insulin doses may need to be increased during illness, especially if ketones are present
l Specific advice for people on insulin therapy is presented overleaf

C 
(Carbohydrate)

l Ensure the person maintains hydration and carbohydrate intake
l If the person is not able to eat or is vomiting, advise to replace meals with sugary fluids
l If blood glucose levels are high, maintain fluid intake with sugar-free fluids
l If blood glucose levels are low, encourage regular intake of sugary fluids

K 
(Ketones)

l In type 1 diabetes, advise to check for ketones every 2–4 hours
l Give extra rapid-acting insulin doses (in addition to regular doses) based on total daily 

insulin dose if ketones are present – see insulin algorithm overleaf
l Advise to drink plenty of water to maintain hydration and flush through ketones

*Metformin and SGLT2 inhibitors may need to be temporarily stopped if at risk of dehydration (see SADMAN 
rules below.

General advice for managing diabetes during intercurrent illness
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For a how-to guide on advice for 
sick day rules, click here.
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