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1  |   RECOMMENDATIONS FOR USE 
OF SGLT INHIBITORS IN TYPE 1 
DIABETES

1.	 In the UK, one of the SGLT-2 inhibitors (dapagliflozin) 
is now licensed in people with type 1 diabetes with BMI 
≥27  kg/m2. NICE has recommended it as an addition 
to insulin in people with type 1 diabetes who are not 

adequately controlled on insulin alone as long as BMI 
is ≥27  kg/m2, insulin requirement is ≥0.5  units/kg of 
body weight, the treatment is started by a specialist 
after an educational course and stopped if the HbA1c 
does not show sustained drop of 0.3% or 3  mmol/mol 
in 6  months.1 NICE has also made the similar rec-
ommendations for the SGLT-1/2 inhibitor sotagliflozin 
which might be available for use in the UK in future.2 
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Abstract
Dapagliflozin (SGLT-2 inhibitor) and sotagliflozin (SGLT1/2 inhibitor) are two of 
the drugs of SGLT inhibitor class which have been recommended by the National 
Institute for Health and Care Excellence (NICE) in people with type 1 diabetes with 
BMI ≥27 kg/m2. Dapagliflozin is licensed in the UK for use in the NHS while sotag-
liflozin may be available in future. These and possibly other SGLT inhibitors may be 
increasingly used in people with type 1 diabetes as new licences are obtained. These 
drugs have the potential to improve glycaemic control in people with type 1 diabetes 
with the added benefit of weight loss, better control of blood pressure and more time 
in optimal glucose range. However, SGLT inhibitors are associated with a higher 
incidence of diabetic ketoacidosis without significant hyperglycaemia. The present 
ABCD/Diabetes UK joint updated position statement is to guide people with type 1 
diabetes and clinicians using these drugs help mitigate this risk and other potential 
complications. Particularly, caution needs to be exercised in people who are at risk of 
diabetic ketoacidosis due to low calorie diets, illnesses, injuries, starvation, excessive 
exercise, excessive alcohol consumption and reduced insulin administration among 
other precipitating factors for diabetic ketoacidosis.
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We support the NICE recommendations for managing 
health in people with type 1 diabetes.3

2.	 SGLT inhibitor treatment may be a useful addition to in-
sulin treatment to lower HbA1c, increase time in target 
glucose range and lower glucose variability. In people 
with BMI ≥27 kg/m2, it may also support weight loss and 
lower insulin dose without increasing the incidence of 
hypoglycaemia.

3.	 We support the recommendation from NICE that any use 
of SGLT inhibitors in people with type 1 diabetes must 
be started and regularly supervised by a consultant physi-
cian specialising in endocrinology and diabetes treatment. 
HbA1c levels should be assessed after 6 months of starting 
such treatment and regularly after that.1

4.	 People with type 1 diabetes should be actively involved 
in their care planning with the additional use of SGLT in-
hibitors to get maximum informed engagement.

5.	 We support the international consensus on risk manage-
ment of diabetic ketoacidosis in people with type 1 diabe-
tes treated with SGLT-2 inhibitors.4

•	 All people with type 1 diabetes should receive adequate ed-
ucation about how to prevent, recognise and treat Diabetic 
Ketoacidosis (DKA) reinforced with educational prompts 
(e.g. wallet card, fridge magnets, etc.)

•	 People with diabetes should be advised of the precipitating 
factors for diabetic ketoacidosis that is, excessive carbo-
hydrate restriction, ketogenic diet, excessive alcohol, use 
of illicit drugs, surgical procedures, vigorous exercise, 
vomiting, acute medical illness including infections and 
infarctions, insulin pump failure, missed or reduced insulin 
doses and travel with disrupted insulin regimen/ schedule.

•	 People with diabetes should be informed of the risks of 
diabetic ketoacidosis precipitated by taking SGLT inhibi-
tors in specific situations. Diabetic ketoacidosis has been 
reported in about 4% of people with diabetes taking SGLT 
inhibitors per year, particularly those in whom insulin dose 
was reduced by more than 20% according to some studies. 
Many of these people with DKA had blood glucose levels 
within range or that were only mildly raised.

•	 We recommend temporarily suspending SGLT inhibitors 
before any surgical or medical procedures (at least for 
24 h), and in people with diabetes who are acutely ill, hos-
pitalised, unable to eat or have any nausea, vomiting or 
abdominal discomfort.

•	 We recommend stopping SGLT inhibitors in patients sus-
pected of COVID-19 infection.

•	 We recommend withholding SGLT inhibitors in people 
with diabetes whose insulin therapy is being changed (e.g. 
injections to pump or manual mode to auto mode or auto-
mated insulin delivery).

•	 We recommend stopping SGLT inhibitors in people with 
type 1 diabetes who are not able to come for regular super-
vision by their specialist team.

•	 Inform people with diabetes that SGLT inhibitors should 
be used with caution in people with peripheral vascular 
disease or neuropathic ulcers.

•	 Inform people with diabetes and educate all health pro-
fessionals that there have been six reports of Fournier's 
gangrene through yellow card system between 2012 and 
January 2019 in about 550,000 person-years of treatment 
with SGLT inhibitors in people with diabetes in the UK. 
Inform people with diabetes taking SGLT inhibitors to 
seek immediate medical attention if they experience pain, 
redness, swelling or discomfort in the perineal area. The 
treatment may include prompt antibiotics and may require 
surgical debridement. Given that the absolute risk of this 
complication is low, clinicians should not be discouraged 
from using this class of drug in people with type 1 diabetes 
who may benefit.

•	 Inform people with diabetes that SGLT inhibitors can 
cause mild diuresis and nocturia and the importance of 
maintaining adequate hydration to prevent dehydration 
which would increase risk of hypovolaemia. For those 
on concomitant diuretic therapy, the dose may need to be 
adjusted.

•	 The smallest possible dose of SGLT inhibitors (e.g. 
Dapagliflozin 5  mg daily or sotagliflozin 200  mg when 
available for use in the UK) should be used to minimise the 
risk of ketoacidosis.

•	 People with type 1 diabetes should be provided with 
a blood ketone monitor and trained to use it. Ketone 
test strips and appropriate meters should be provided 
by Primary Care. Blood ketones should be checked if 

What is new? / Key messages
•	 Dapagliflozin (SGLT-2 inhibitor) and sotagliflo-

zin (SGLT1/2 inhibitor) have been recommended 
by the National Institute for Health and Care 
Excellence (NICE) in people with type 1 diabetes 
with BMI ≥27  kg/m2 when insulin alone is not 
sufficient for diabetes control and the insulin re-
quirement is at least 0.5 units/kg of body weight.

•	 SGLT inhibitors should only be started under su-
pervision of a consultant physician specialising 
in endocrinology and diabetes after a structured 
educational programme for the person with type 1 
diabetes including comprehensive information on 
diabetic ketoacidosis.

•	 Such combination therapy can continue if there is 
sustained reduction of Hb A1c of at least 3 mmol/
mol after 6 months.

•	 Dapagliflozin is licensed in the UK for use in NHS 
while sotagliflozin may be available in future.
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feeling unwell even when the capillary glucose levels 
are not particularly high. Blood ketones should also be 
measured with changes in diet, activity, insulin dose or 
events known to precipitate ketoacidosis such as infec-
tions, dehydration, surgery, injury, pump occlusion/mal-
function or stress.

•	 We recommend checking blood ketones before start-
ing SGLT inhibitors in people with type 1 diabetes. The 
SGLT inhibitors should be avoided if blood ketones are 
≥0.6 mmol/L. Individuals may become eligible if their ke-
tone level reduces at a later date.

•	 Discontinue SGLT inhibitors in people with type 1 diabe-
tes if the ketones are above 0.6 mmol/L. Additional insulin 
along with carbohydrate (15–30 g rapidly absorbed) and 
adequate oral hydration (300–500  ml/hourly) may avoid 
frank DKA and hospitalisation in people with diabetes 
with mild ketosis (0.6–1.5 mmol/L).

•	 People with diabetes with blood ketones above 1.6 mmol/L 
should seek medical attention. People with diabetes on an 
insulin pump should return to injectable insulin and trouble 
shoot the pump to ensure it is delivering insulin before they 
restart it. Some people with diabetes may require treatment 
with intravenous fluids and intravenous insulin.

•	 All people with diabetes should be issued a medical alert 
card and advised to carry it with them at all times. If hos-
pitalisation is required for treatment of ketoacidosis, they 
should inform the medical personnel that they have type 1 
diabetes, they are taking SGLT inhibitors and they are at 
risk of DKA with non-elevated glucose levels. Urine ke-
tones may not be reliable. There should be a low threshold 
for evaluation by blood gases, bicarbonate, anion gap and 
blood ketones.

•	 All healthcare professionals should be educated about 
various SGLT inhibitors, the risk of DKA associated with 
this class of medication even when the glucose levels are 
not elevated. and urine ketones are absent. Such euglycae-
mic DKA may require treatment with glucose as well as 
insulin.

•	 In people with type 1 diabetes with an HbA1c < 58 mmol/
mol (7.5%), 10%–20% insulin dose reduction may be 
needed when SGLT inhibitors are started but this should be 
accompanied by frequent capillary blood glucose monitor-
ing or continuous glucose monitoring (CGM) along with 
easy access to a healthcare provider. Carbohydrate intake 
may need to be flexibly increased or decreased to avoid 
excessive or inadequate reduction in insulin dose.

•	 SGLT inhibitors are not suitable for people with diabetes 
on very low insulin doses. We suggest an insulin require-
ment of at least 0.5  IU/Kg body weight before consider-
ing adding SGLT inhibitors. Adjustment in insulin doses 
should be made every 24–48 h.

•	 For people with diabetes with an HbA1c ≥ 58 mmol/mol 
(7.5%), no reduction in prandial or basal insulin may be 

necessary based on CBG, CGM data, hypoglycaemia his-
tory and awareness.

•	 SGLT inhibitors should not be used in pregnancy as preg-
nancy is associated with an increased risk of ketoacidosis 
which is known to be associated with a higher risk of fetal 
mortality. There are insufficient data in relation to use of 
SGLT inhibitors in pregnancy. In women of reproductive 
age with type 1 diabetes, SGLT inhibitors should not be 
used if there is a risk of pregnancy.

•	 Insufficient data are currently available to advocate use in 
people with type 1 diabetes <18 years of age or >75 years 
of age.

2  |   SGLT INHIBITORS AND 
CURRENT LICENSED INDICATIONS

SGLT inhibitors are an established class of drugs which ef-
fectively lower glucose levels in people with type 2 diabetes, 
with additional cardiac and renal benefits. These drugs re-
duce blood glucose by preventing renal reabsorption of glu-
cose, a mechanism which is insulin independent but glucose 
dependent.5 Additional positive effect on lowering blood 
pressure by natriuresis and weight loss might partly medi-
ate the cardiovascular benefit recently observed in clinical 
trials in people with diabetes with type 2 diabetes although 
other mechanisms are possible.6–9 Dapagliflozin was the first 
SGLT-2 inhibitor to be approved for use in Europe in 2011 
and in the UK in 2012. NICE has also approved the use of 
add-on dapagliflozin in people with type 1 diabetes with BMI 
≥27  kg/m2 when insulin alone in not sufficient to manage 
their diabetes, as long as their insulin requirement is at least 
0.5 units/kg of body weight. The medication can be contin-
ued as long as it results in sustained reduction in HBA1c of 
3 mmol/mol (0.3%) after 6 months.1 There are currently four 
SGLT-2 inhibitors licensed in the UK, that is, dapagliflo-
zin, canagliflozin empagliflozin and ertugliflozin. Only da-
pagliflozin has obtained licence for use in people with type 
1 diabetes in the UK. Sotagliflozin is a dual SGLT-1 and 
2 inhibitor and has had a favourable NICE technology ap-
praisal guidance but not yet available in the UK.2 These de-
velopments have prompted an update of the previous position 
statements.10,11 This update is in accordance with the RIGHT 
statement for practice guidelines.12 The term SGLT has been 
used when relating to both SGLT-2 and dual SGLT 1/2 in-
hibitors, whereas SGLT-2 has been used when the intention 
is to refer to SGLT-2 inhibitors only.

We searched PubMed, Google Scholar, Cinahl and 
Embase database with the search words ‘SGLT inhibitors’ 
AND ‘type 1 diabetes’ and recent meta-analyses from 2020 
were included for up-to-date evidence to the information al-
ready available in the previous version of position statement. 
The evidence and recommendations were shared widely 
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amongst the writing group and consensus was obtained 
electronically. The views and preferences were sought from 
people with type 1 diabetes selected from personal contacts 
and changes were made where appropriate. The limitation of 
these recommendations is that evidence can change quickly 
in this area and therefore regular update may be required.

3  |   POTENTIAL ROLE IN TYPE 1 
DIABETES

Optimal management of type 1 diabetes remains a challenge 
in the UK. Recent data show that the percentage of peo-
ple achieving the National Institute for Health and Clinical 
Excellence (NICE) recommended targets, that is, HbA1c < 
58  mmol/mol (7.5%), blood pressure <140/80  mm of Hg, 
cholesterol <5 mmol/l is 32.1, 73.1 and 72.8%, respectively. 
All three targets combined were achieved only in 20.1% of 
the people.3,13,14

There are considerable data showing higher cardiovascu-
lar15,16 and renal risk17 in people with type 1 diabetes. There 
is therefore scope for achieving tight glycaemic management 
with appropriate insulin therapy and any potential adjunct 
therapy for people with type 1 diabetes that may help improve 
risk factor and/or cardiovascular and renal outcomes.

Our previous ABCD position statements outline the stan-
dards of care for people with type 1 diabetes.18,19 Intensified 
insulin therapy is often used to manage hyperglycaemia in 
people with type 1 diabetes on the basis of studies which 
showed a link between hyperglycaemia and microvascular 
and macrovascular complications of diabetes.20 This inten-
sification however, may increase the risk of hypoglycaemia, 
weight gain and associated adverse cardiovascular profile.21

Metformin is inexpensive and useful in some people with 
type 1 diabetes with BMI ≥25 kg/m2 but it does not improve 
HbA1c in the long term.22,23 Compared to metformin at week 
26, SGLT inhibitors like dapagliflozin (5 mg), sotagliflozin 
(200 mg) and empagliflozin (10 mg) had greater reduction in 
HbA1c [MD −3 mmol/mol (−0.24%), -3 mmol/mol (−0.23%) 
and −4 mmol/mol (−0.35%) respectively) and weight.24

GLP-1 analogues and receptor agonists may be helpful in 
subgroups of people with type 1 diabetes but the reductions 
in HbA1c are modest [MD −3 mmol/mol (−0.24%) with li-
raglutide 1.8 mg] although weight reductions were signifi-
cant (4.87 kg with liraglutide 1.8 mg), insulin dose reduced, 
hypoglycaemia reduced but not significantly (OR 0.80) and 
GI adverse events increased significantly (OR nausea 4.70, 
vomiting 2.50).25,26 DPP4 inhibitors added to insulin did re-
sult in a small but insignificant reduction in HbA1c [1 mmol/
mol (0.07%)] and no consistent effect on glucose variability 
in people with type 1 diabetes.27 By contrast SGLT inhibitors 
are oral glucose lowering drugs with potential as long as they 
are used appropriately.28,29

4  |   THE EVIDENCE FOR SGLT −2 
INHIBITORS IN TYPE 1 DIABETES

There is considerable emerging evidence for use of SGLT 
inhibitors in people with type 1 diabetes. The initial studies 
which formed the basis of evidence are summarised in brief 
in Table  1. Details of subsequent studies are not included 
in this paper as they have not influenced the position paper. 
More recent meta-analyses however are outlined in the para-
graphs below.30–37

In a recent meta-analysis including over 7000 participants 
and 17 randomised control trials, SGLT inhibitor therapy sig-
nificantly reduced HbA1c (4  mmol/mol [0.37%]) and body 
weight (2.88 kg).38

In another meta-analysis of 7 RCTs, lower HbA1c 
[−3 mmol/mol (−0.28%)], lower insulin dose (MD: −0.89) 
and greater weight loss (−3.03), without any significant 
difference in hypoglycaemia39 was seen in the sotagliflozin 
group.

The European Medicines Agency has accepted the ap-
plication of a marketing authorisation variation for dapagli-
flozin for use as an oral adjunct treatment to insulin in people 
with type 1 diabetes.40

In a further randomised clinical trial from a single cen-
tre, 30 people with type 1 diabetes on liraglutide and insulin 
were put on additional dapagliflozin or placebo.41 In the da-
pagliflozin group, HbA1c fell by 7 mmol/mol (0.66%) from 
7.8% with no change (p < 0.01) in the placebo group over 
12 weeks.

5  |   CAUTIONS IN PRESCRIBING 
SGLT INHIBITORS IN TYPE 1 
DIABETES

5.1  |  Adverse effects of SGLT inhibitors

In a systematic review and meta-analysis, all seven RCTs 
including 3900 participants in comparison to the placebo 
group, the risk of genital infection (RR = 3.22) and diabetic 
ketoacidosis (RR = 2.66) was higher in the SGLT-inhibitor-
treated group.42

In another evaluation of the safety of SGLT inhibitors 
covering 1653 articles including eight RCTs, compared with 
placebo, the SGLT inhibitor group was found to have an in-
creased incidence of DKA (OR 4.34), genital infections (OR 
3.64), volume depletion (OR 2.10) and diarrhoea (OR 1.64). 
The risk of diarrhoea was dose related. There was no increase 
in the incidence of UTI, cardiovascular events, renal events, 
liver injury and fractures.43

In a meta-analysis of 13 RCTs including 7962 partici-
pants, there was higher risk of DKA (RR 5.04), UTI (RR 1.2) 
and genital infections (RR 2.99) but not hypoglycaemia.44
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Sotagliflozin meta-analysis of 7 RCTs including nearly 
3600 participants showed higher rate of DKA (RD 0.03) and 
genital mycotic infections (RD 0.06) but no increase in UTI 
compared to placebo.39

People with type 1 diabetes develop diabetic ketoacidosis 
in the absence of insulin. Insulin helps reduce glucose but 
also prevents lipolysis. SGLT inhibitors reduce glucose but 
have been associated with reports of ketoacidosis in people 
with type 1 diabetes and some people with type 2 diabetes 
through mechanisms which are not fully understood. The 
current evidence is presented as follows.

A study based on the US Food and Drug Administration 
Adverse Event Reporting System (FAERS) showed that 
proportional reporting ratio of DKA in people on SGLT 
inhibitors was 7.9, was higher for type 1 diabetes and 
women, in a wide range of age and body weight. Duration 
of treatment varied and death was reported in 37 individu-
als (1.54%).45

Peters et al. reported a series of case reports of DKA in 
people taking SGLT inhibitors. In all, 13 cases of DKA were 
observed in nine people. Seven people had type 1 diabetes 
and two had with type 2 diabetes. Four people had repeat 
episodes.46

A post-hoc re-evaluation of 17,000 participants in 
canagliflozin development programme has been re-
ported. In all, 12 cases of DKA were reported, four 
(0.07%) in Canagliflozin 100 mg group and six (0.11%) in 
Canagliflozin 300 mg group and two (0.03%) in the placebo 
comparator group. Six of the participants (50%) were re-
ported to have either type 1 diabetes or Latent Autoimmune 
Diabetes of Adults (LADA).47

Another study by Perkins et al is an 8-week open-label, 
proof-of-concept trial using SGLT-2 inhibitors in type 1 di-
abetes. Two of the 40 participants with type I diabetes (5%) 
had symptomatic ketosis or diabetic ketoacidosis.48

5.2  |  Putative mechanism of ketoacidosis

A small but not insignificant rise in the incidence of dia-
betic ketoacidosis in people taking SGLT inhibitors is 
poorly understood. Several mechanisms have been sug-
gested including excessive dose reduction of insulin, pre-
existing propensity to DKA, reduced ketone excretion and 
shift in substrate metabolism with increased reliance on 
free fatty acids and ketone bodies rather than glucose and 
pyruvate.49,50

Finally, there is a possibility that ketogenesis could occur 
due to direct action of SGLT inhibitors on human pancreatic 
alpha cells increasing glucagon secretion.51,52 As the glucose 
concentration can be closer to target levels, and as the urine 
ketones may not always be raised in some individuals, the 
diagnosis of diabetic ketoacidosis can be delayed or missed.

5.3  |  Effect of insulin dose reduction 
on ketosis

Insulin deficiency seems to be related to ketoacidosis in 
people with type 1 diabetes taking SGLT inhibitors. A post 
hoc exploratory analysis has shown that ketone formation is 
increased when insulin dose reduction is >20% compared 
to when it is <20%.53 Similarly, insulin pump failure and 
missed insulin doses were the most frequent risk factors in 
the cases of DKA seen in another study.32 In another small 
study in people with type 1 diabetes using liraglutide and 
SGLT-2 inhibitors, two developed DKA. Both participants 
had a reduction in insulin dose greater than 20% and both 
events occurred within 48  h dose titration of dapagliflozin 
from 5 mg to 10 mg daily.41 In addition, one participant had 
consumed a large amount of alcohol which is likely to be a 
factor in the development of euglycaemic ketoacidosis.

5.4  |  Risk of amputations and stroke

Risk of amputations and stroke remains unclear with the 
available current evidence in people with type 1 or type 2 
diabetes. Canagliflozin in people with type 2 diabetes was 
associated with higher rate of lower limb amputations mainly 
at the level of toe and metatarsals.8 There was higher rate of 
fractures in CANVAS but not in CANVAS-R study.8 A re-
cent meta-analysis has confirmed excess risk of amputations 
with canagliflozin but not with other SGLT-2 inhibitors.54 
In a meta-analysis covering 12 RCTs and 18 observational 
studies, there was no significant association between SGLT 
inhibitor exposure and amputations although there was an in-
creased risk noted in the subgroup analysis with canagliflozin 
(n = 2RCT, RR 1.59) but not with other gliflozins.55 Another 
meta-analysis of five RCTs involving 21,395 participants on 
SGLT-2 inhibitors has shown no significant increase in the 
risk of amputation (OR 1.31, NS) with any SGLT inhibitors 
including canagliflozin. Another trial level meta-analysis of 
six studies involving 51,713 participants with event rate of 
amputation being 2.0% showed no significant association 
of empagliflozin, dapagliflozin or canagliflozin compared 
to controls (RR 1.24) including subgroups with or without 
peripheral artery disease.56 Real-world evidence study look-
ing at lower limb amputation (LLA) in over 700,000 people 
in the United States also concluded that in either the overall 
population, or in the subset of people with established CVD, 
there was no increase in risk of LLA with canagliflozin com-
pared to other SGLT inhibitors or with non-SGLT inhibitor 
diabetes drugs.57 National advice from European, American 
and UK professional bodies and regulators is to be cautious 
with the use of all SGLT inhibitors in people with active foot 
disease as there may be a possible adverse class effect on foot 
health.58–62
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Numerically, empagliflozin increased but canagliflozin 
reduced strokes in people with type 2 diabetes although 
both were not significant and a subsequent meta-analysis is 
reassuring.6,8,63,64

5.5  |  Risk during COVID-19

SGLT inhibitors would theoretically be a high-risk strategy 
given the increased risk of DKA in unwell people with type 
1 diabetes infected with COVID-19. However, the poten-
tial benefits on heart and kidneys might make them useful 
in some patients. Further clinical trials will help us in this 
area.65,66 The risks and benefits of SGLT use should be 
discussed with the person with diabetes as part of a care 
planning approach to consider individual circumstances 
and considerations.

6  |   CONCLUSIONS

Dapagliflozin is currently licensed and dapagliflozin and 
sotagliflozin are both recommended in as an add-on therapy 
in people with type 1 diabetes with BMI ≥27 kg/m2 in whom 
insulin alone is not sufficient to manage their diabetes.

SGLT inhibitors are tolerated well with very few side ef-
fects, for example, urinary and genital infections, dehydra-
tion and DKA. In general, the rate and prevalence of DKA 
in people with type 1 diabetes taking SGLT inhibitors is too 
low to quantify exactly but may not be insignificant. In people 
with type 1 diabetes taking SGLT inhibitors, it would make 
pragmatic sense to anticipate and monitor for possible DKA 
in situations known to precipitate metabolic decompensation 
(injury, infections, MI, stroke, insulin deficiency, ketogenic 
diet, surgery, other stressful events and catabolic states). There 
should be prompts to identify individuals attending Emergency 
Departments or Medical Admissions Units that are prescribed 
SGLT inhibitors to warn of the possibility of euglycaemic 
DKA where the individual may be in diabetic ketoacidosis de-
spite non-elevated glucose levels and low urine ketones. SGLT 
inhibitors should be stopped in people who are acutely ill or are 
admitted for elective surgery. SGLT inhibitors should also be 
discontinued in people that have developed DKA and should 
not be re-started unless a clear alternative cause of DKA is 
identified. Insulin doses should not be reduced more than 20% 
if SGLT inhibitors are added to insulin regimens.

It is recommended that regular monitoring of blood glu-
cose and ketones should be undertaken in people with dia-
betes taking these drugs to avoid hypoglycaemia as well as 
ketosis. This Joint ABCD/Diabetes UK position statement 
will be reviewed following publication of any further evi-
dence and research studies.

CONFLICT OF INTEREST
None.

ORCID
Umesh Dashora   https://orcid.org/0000-0001-7745-1852 
Robert Gregory   https://orcid.org/0000-0002-5034-8895 
Peter Winocour   https://orcid.org/0000-0002-1787-7496 
Ketan Dhatariya   https://orcid.org/0000-0003-3619-9579 
Gerry Rayman   https://orcid.org/0000-0003-3331-7015 

REFERENCES
	 1.	 National Institute for Health and Clinical Excellence (NICE). 

Dapagliflozin with insulin for treating type 1 diabetes. NICE 
guidance. London 2020. https://www.nice.org.uk/guida​nce/ta597 
(Accessed 29 August 2020)

	 2.	 National Institute for Health and Clinical Excellence (NICE). 
Sotagliflozin with insulin for treating type 1 diabetes. NICE 
guidance. London 2020. https://www.nice.org.uk/guida​nce/ta622 
(Accessed 29 August 2020)

	 3.	 National Institute for Health and Clinical Excellence (NICE). Type 
1 diabetes in adults: diagnosis and management. NICE guidance. 
London 2016. https://www.nice.org.uk/guida​nce/ng17 (accessed 
29 August 2020)

	 4.	 Danne T, Garg S, Peters AL, et al. International consensus on risk 
management of diabetic ketoacidosis in patients with type 1 diabe-
tes treated with sodium–glucose cotransporter (SGLT) inhibitors. 
Diabetes Care. 2019;42:1147-1154.

	 5.	 Vallon V. The mechanisms and therapeutic potential of SGLT2 in-
hibitors in diabetes mellitus. Annu Rev Med. 2015;66:255-270.

	 6.	 Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, cardiovas-
cular outcomes, and mortality in type 2 diabetes. N Engl J Med. 
2015;373:2117-2128.

	 7.	 Vallon V, Thomson SC. Diabetes mellitus: Cardiovascular and 
renal benefits of SGLT2 inhibition: insights from CANVAS. Nat 
Rev Nephrol. 2017;13:517-518.

	 8.	 Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and car-
diovascular and renal events in type 2 diabetes. N Engl J Med. 
2017;377:644-657.

	 9.	 Wanner C, Inzucchi SE, Lachin JM, et al. Empagliflozin and 
progression of kidney disease in type 2 diabetes. N Engl J Med. 
2016;375:323-334.

	10.	 Dashora U, Patel DC, Gregory R, Winocour P, Dhatariya K, Nagi 
D. Association of British Clinical Diabetologists (ABCD) position 
statement on the use of sodium-glucose cotransporter-2 inhibitors 
in type 1 diabetes (updated 2019). British Journal of Diabetes. 
2019;19:66-72.

	11.	 Dashora U, Patel D, Gregory R, Nagi D. Association of British 
Clinical Diabetologists (ABCD) position statement on the use of 
sodium-glucose cotransporter-2 (SGLT-2) inhibitors in type 1 dia-
betes. British Journal of Diabetes. 2018;18:117-121.

	12.	 Chen Y, Yang K, Marušic A, et al. A reporting tool for practice 
guidelines in health care: The RIGHT statement. Ann Intern Med. 
2017;166:128-132.

	13.	 National Institute for Health and Clinical Excellence (NICE). 
Cardiovascular disease: risk assessment and reduction, including 
lipid modification. NICE guidance. 2016. https://www.nice.org.
uk/guida​nce/cg181 (accessed 28 August 2020)

https://orcid.org/0000-0001-7745-1852
https://orcid.org/0000-0001-7745-1852
https://orcid.org/0000-0002-5034-8895
https://orcid.org/0000-0002-5034-8895
https://orcid.org/0000-0002-1787-7496
https://orcid.org/0000-0002-1787-7496
https://orcid.org/0000-0003-3619-9579
https://orcid.org/0000-0003-3619-9579
https://orcid.org/0000-0003-3331-7015
https://orcid.org/0000-0003-3331-7015
https://www.nice.org.uk/guidance/ta597
https://www.nice.org.uk/guidance/ta622
https://www.nice.org.uk/guidance/ng17
https://www.nice.org.uk/guidance/cg181
https://www.nice.org.uk/guidance/cg181


8 of 9  |      DASHORA et al.

	14.	 The healthcare quality improvement partnership. National 
Diabetes Audit Report 2019. https://digit​al.nhs.uk/data-and-infor​
matio​n/publi​catio​ns/stati​stica​l/natio​nal-diabe​tes-audit/​natio​nal-di-
abe​tes-audit​-quart​erly-repor​t-janua​ry-to-decem​ber-2019#sum-
mary (accessed 28 August 2020)

	15.	 Armstrong AC, Ambale-Venkatesh B, Turkbey E, et al. Association 
of cardiovascular risk factors and myocardial fibrosis with early 
cardiac dysfunction in type 1 diabetes: The diabetes control and 
complications trial/epidemiology of diabetes interventions and 
complications study. Diabetes Care. 2017;40:405-411.

	16.	 Matuleviciene-Anängen V, Rosengren A, Svensson A-M, et al. 
Glycaemic control and excess risk of major coronary events in per-
sons with type 1 diabetes. Heart. 2017;103:1687-1695.

	17.	 Gagnum V, Stene LC, Leivestad T, Joner G, Skrivarhaug T. Long-
term mortality and end-stage renal disease in a type 1 diabetes pop-
ulation diagnosed at age 15–29 years in Norway. Diabetes Care. 
2017;40:38-45.

	18.	 Sharp P, Kilvert A, Dashora U, et al.Standards of care for man-
agement of adults with type 1 diabetes https://abcd.care/sites/​abcd.
care/files/​site_uploa​ds/Type_1_stand​ards_of_care.pdf. (accessed 
28 August 2020)

	19.	 Sharp P, Kilvert A, Dashora U, Gregory R, Wilmot E, Atkin M, 
et al. Standards of care for management of adults with type 1 di-
abetes updated https://abcd.care/sites/​abcd.care/files/​resou​rces/
Stand​ards_of_Care_T1DM_ABCD_FINAL.pdf (accessed 28 
August 2020)

	20.	 Nathan DM, for the DCCT/EDIC Research Group. The diabetes 
control and complications trial/epidemiology of diabetes inter-
ventions and complications study at 30 years: Overview. Diabetes 
Care. 2014;37:9-16.

	21.	 Purnell JQ, Hokanson JE, Marcovina SM, Steffes MW, Cleary PA, 
Brunzell JD. Effect of excessive weight gain with intensive therapy 
of type 1 diabetes on lipid levels and blood pressure: Results from 
the DCCT. JAMA. 1998;280:140-146.

	22.	 Vella S, Buetow L, Royle P, Livingstone S, Colhoun HM, Petrie 
JR. The use of metformin in type 1 diabetes: A systematic review 
of efficacy. Diabetologia. 2010;53:809-820.

	23.	 Staels F, Moyson C, Mathieu C. Metformin as add-on to intensive 
insulin therapy in type 1 diabetes mellitus. Diabetes Obes Metab. 
2017;19: 1463-1467.

	24.	 Langford BE, Evans M, Haskins-Coulter T, et al. Systematic lit-
erature review and network meta-analysis of sodium-glucose 
co-transporter inhibitors vs metformin as add-on to insulin in type 
1 diabetes. Diabetes Obes Metab. 2020;22:39-50.

	25.	 Gillani SM, Singh BM. The use of liraglutide, a GLP-1 agonist, 
in obese people with type 1 diabetes. British Journal of Diabetes. 
2014;14:98-101.

	26.	 Dimitrios P, Michael D, Vasilios K, et al. Liraglutide as adjunct 
to insulin treatment in patients with type 1 diabetes: A sys-
tematic review and meta-analysis. Current Diabetes Reviews. 
2020;16:313-326.

	27.	 Guo H, Fang C, Huang Y, Pei Y, Chen L, Hu J. The efficacy 
and safety of DPP4 inhibitors in patients with type 1 diabetes: A 
systematic review and meta-analysis. Diabetes Res Clin Pract. 
2016;121:184-191.

	28.	 Dellepiane S, Ben Nasr M, Assi E, et al. Sodium glucose cotrans-
porters inhibitors in type 1 diabetes. Pharmacol Res. 2018;133:1-8.

	29.	 Evans M, Hicks D, Patel D, Patel V, McEwan P, Dashora U. 
Optimising the benefits of SGLT2 inhibitors for type 1 diabetes. 
Diabetes Ther. 2020;11:37-52.

	30.	 Henry RR, Rosenstock J, Edelman S, et al. Exploring the potential 
of the SGLT2 inhibitor dapagliflozin in type 1 diabetes: A random-
ized, double-blind, placebo-controlled pilot study. Diabetes Care. 
2015;38:412-419.

	31.	 Pieber TR, Famulla S, Eilbracht J, et al. Empagliflozin as adjunct 
to insulin in patients with type 1 diabetes: A 4-week, random-
ized, placebo-controlled trial (EASE-1). Diabetes Obes Metab. 
2015;17:928-935.

	32.	 Dandona P, Mathieu C, Phillip M, et al. Efficacy and safety of 
dapagliflozin in patients with inadequately controlled type 1 diabe-
tes (DEPICT-1): 24 week results from a multicentre, double-blind, 
phase 3, randomised controlled trial. The Lancet Diabetes & 
Endocrinology. 2017;5:864-876.

	33.	 Famulla S, Pieber TR, Eilbracht J, et al. Glucose exposure and 
variability with empagliflozin as adjunct to insulin in patients 
with type 1 diabetes: Continuous glucose monitoring data from a 
4-week, randomized, placebo-controlled trial (EASE-1). Diabetes 
Technology & Therapeutics. 2017;19:49-60.

	34.	 Rodbard HW, Peters AL, Slee A, Cao A, Traina SB, Alba M. The 
effect of canagliflozin, a sodium glucose cotransporter 2 inhibitor, 
on glycemic end points assessed by continuous glucose monitoring 
and patient-reported outcomes among people with type 1 diabetes. 
Diabetes Care. 2017;40:171-180.

	35.	 Henry RR, Thakkar P, Tong C, Polidori D, Alba M. Efficacy and 
safety of canagliflozin, a sodium–glucose cotransporter 2 inhibi-
tor, as add-on to insulin in patients with type 1 diabetes. Diabetes 
Care. 2015;38:2258-2265.

	36.	 Biester T, Aschemeier B, Fath M, et al. Effects of dapagliflozin on 
insulin-requirement, glucose excretion and s-hydroxybutyrate lev-
els are not related to baseline HbA1c in youth with type 1 diabetes. 
Diabetes Obes Metab. 2017;19:1635-1639.

	37.	 Dandona P, Mathieu C, Phillip M, et al. Efficacy and safety of 
dapagliflozin in patients with inadequately controlled type 
1 diabetes: The DEPICT-1 52-week study. Diabetes Care. 
2018;41:2552-2559.

	38.	 Huang Y, Jiang Z, Wei Y. Short and medium-term efficacy of 
sodium glucose cotransporter-2 (SGLT-2) Inhibitors for the treat-
ment of type 1 diabetes: Systematic review and meta-analysis. 
Endokrynologia Polska. 2020;71:325-333.

	39.	 Chen MB, Xu RJ, Zheng QH, Zheng XW, Wang H. Efficacy 
and safety of sotagliflozin adjuvant therapy for type 1 diabe-
tes mellitus: A systematic review and meta-analysis. Medicine. 
2020;99:e20875. https://doi.org/10.1097/MD.00000​00000​
020875

	40.	 EMA. EMA accepts marketing authorisation variation for Forxiga 
in adults with type 1 diabetes. Available at https://www.europ​
eanph​armac​eutic​alrev​iew.com/news/73381/​ema-forxi​ga-type-1-
diabe​tes/ (accessed 29 August 2018)

	41.	 Kuhadiya ND, Ghanim H, Mehta A, et al. Dapagliflozin as addi-
tional treatment to liraglutide and insulin in patients with type 1 
diabetes. J Clin Endocrinol Metab. 2016;101:3506-3515.

	42.	 Saha S, Saha S. A systematic review and meta-analysis of ran-
domised controlled trials, contrasting the safety profile between 
sodium-glucose cotransporter-2 inhibitors and placebo in type 1 
diabetes mellitus patients. International Journal of Diabetes and 
Metabolism. 2020;1-2. https://doi.org/10.1159/00050​6366

	43.	 Wang W, Zhang L, Pei X, Pan Q, Guo L. Evaluation of the safety 
of SGLT-2 inhibitors for treating patients with type 1 diabetes. 
Diabetes Obes Metab. 2020 May 21. https://doi.org/10.1111/
dom.14092

https://digital.nhs.uk/data-and-information/publications/statistical/national-diabetes-audit/national-diabetes-audit-quarterly-report-january-to-december-2019#summary
https://digital.nhs.uk/data-and-information/publications/statistical/national-diabetes-audit/national-diabetes-audit-quarterly-report-january-to-december-2019#summary
https://digital.nhs.uk/data-and-information/publications/statistical/national-diabetes-audit/national-diabetes-audit-quarterly-report-january-to-december-2019#summary
https://digital.nhs.uk/data-and-information/publications/statistical/national-diabetes-audit/national-diabetes-audit-quarterly-report-january-to-december-2019#summary
https://abcd.care/sites/abcd.care/files/site_uploads/Type_1_standards_of_care.pdf
https://abcd.care/sites/abcd.care/files/site_uploads/Type_1_standards_of_care.pdf
https://abcd.care/sites/abcd.care/files/resources/Standards_of_Care_T1DM_ABCD_FINAL.pdf
https://abcd.care/sites/abcd.care/files/resources/Standards_of_Care_T1DM_ABCD_FINAL.pdf
https://doi.org/10.1097/MD.0000000000020875
https://doi.org/10.1097/MD.0000000000020875
https://www.europeanpharmaceuticalreview.com/news/73381/ema-forxiga-type-1-diabetes/
https://www.europeanpharmaceuticalreview.com/news/73381/ema-forxiga-type-1-diabetes/
https://www.europeanpharmaceuticalreview.com/news/73381/ema-forxiga-type-1-diabetes/
https://doi.org/10.1159/000506366
https://doi.org/10.1111/dom.14092
https://doi.org/10.1111/dom.14092


      |  9 of 9DASHORA et al.

	44.	 Zou H, Liu L, Guo J, et al. Sodium-glucose cotransporter inhib-
itors as add-on therapy in addition to insulin for type 1 diabetes 
mellitus: A meta-analysis of randomized controlled trials. Journal 
of Diabetes Investigation. https://doi.org/10.1111/jdi.13387

	45.	 Fadini GP, Bonora BM, Avogaro A. SGLT2 inhibitors and dia-
betic ketoacidosis: Data from the FDA Adverse Event Reporting 
System. Diabetologia. 2017;60:1385-1389.

	46.	 Peters AL, Buschur EO, Buse JB, Cohan P, Diner JC, Hirsch 
IB. Euglycemic diabetic ketoacidosis: A potential complication 
of treatment with sodium-glucose cotransporter 2 inhibition. 
Diabetes Care. 2015;38:1687-1693.

	47.	 Erondu N, Desai M, Ways K, Meininger G. Diabetic ketoacidosis 
and related events in the canagliflozin type 2 diabetes clinical pro-
gram. Diabetes Care. 2015;38:1680-1686.

	48.	 Perkins BA, Cherney DZI, Partridge H, et al. Sodium glucose 
cotransporter 2 inhibition and glycemic control in type 1 diabetes: 
Results of an 8-week open-label proof-of concept trial. Diabetes 
Care. 2014;37:1480-1483.

	49.	 Ferrannini E, Baldi S, Frascerra S, et al. Shift to fatty substrate 
utilization in response to sodium-glucose cotransporter 2 inhibi-
tion in subjects without diabetes and patients with type 2 diabetes. 
Diabetes. 2016;65:1190-1195.

	50.	 Herring RA, Shojaee-Moradie F, Garesse R, et al. Full title meta-
bolic effects of an SGLT2 inhibitor (dapagliflozin) during a period 
of acute insulin withdrawal and development of ketoacidosis in 
people with type 1 diabetes. Diabetes Care. 2020;43:2128-2136.

	51.	 Bonner C, Kerr-Conte J, Gmyr V, et al. Inhibition of the glucose 
transporter SGLT2 with dapagliflozin in pancreatic alpha cells 
triggers glucagon secretion. Nat Med. 2015;21:512-517.

	52.	 Maruyama H, Hisatomi A, Orci L, Grodsky GM, Unger RH. 
Insulin within islets is a physiologic glucagon release inhibitor. J 
Clin Invest. 1984;74:2296-2299.

	53.	 Henry RR, Dandona P, Pettus J, Mudaliar S, Xu J, Hansen L. 
Dapagliflozin in patients with type 1 diabetes: A post hoc analysis 
of the effect of insulin dose adjustments on 24 hour continuously 
monitored mean glucose and fasting β hydroxybutyrate levels in a 
phase IIa pilot study. Diabetes Obes Metab. 2017;19:814-821.

	54.	 Li D, Yang JY, Wang T, Shen S, Tang H. Risks of diabetic foot syn-
drome and amputation associated with sodium glucose co-trans-
porter 2 inhibitors: A meta-analysis of randomized controlled 
trials. Diabetes & metabolism. 2018 Feb. https://doi.org/10.1016/j.
diabet.2018.02.001 (accessed 29 August 2020)

	55.	 Heyward J, Mansour O, Olson L, Singh S, Alexander GC. 
Association between Sodium-Glucose Cotransporter 2 (SGLT2) 
inhibitors and lower extremity amputation: A systematic review 
and meta-analysis. PLoS One. 2020;15:e0234065. https://doi.
org/10.1371/journ​al.pone.0234065

	56.	 Miyashita S, Kuno T, Takagi H, et al. Risk of amputation associated 
with sodium-glucose co-transporter 2 inhibitors: A meta-analysis 
of five randomized controlled trials. Diabetes Res Clin Pract. 2020 
Apr 6:108136. https://doi.org/10.1016/j.diabr​es.2020.108136

	57.	 Ryan PB, Buse JB, Schuemie MJ, et al. Comparative effective-
ness of canagliflozin, SGLT2 inhibitors and non-SGLT2 inhibitors 
on the risk of hospitalization for heart failure and amputation in 

patients with type 2 diabetes mellitus: A real-world meta-analy-
sis of 4 observational databases (OBSERVE-4D). Diabetes Obes 
Metab. 2018;20:2585-2597.

	58.	 Gov. UK. SGLT2 inhibitors: Updated advice on increased risk of 
lower-limb amputation (mainly toes) https://www.gov.uk/drug-
safet​y-updat​e/sglt2​-inhib​itors​-updat​ed-advic​e-on-incre​ased-risk-
of-lower​-limb-amput​ation​-mainl​y-toes (accessed 28 August 2020)

	59.	 British cardiovascular society. Guide for non-diabetes specialist 
physicians and primary care teams for cardiovascular risk opti-
misation in patients with type 2 diabetes and atherosclerotic car-
diovascular disease (coronary artery disease, peripheral arterial 
disease, cerebrovascular disease) https://www.briti​shcar​diova​scula​
rsoci​ety.org/__data/asset​s/pdf_file/0021/21963/​CaReMe_T2DM_
CVD_2020.pdf (accessed 20 September 2020)

	60.	 European Medicines Agency. SGLT2 inhibitors (previously 
canagliflozin) https://www.ema.europa.eu/en/medic​ines/human/​
refer​rals/sglt2​-inhib​itors​-previ​ously​-canag​liflozin (accessed 2 
September 2020)

	61.	 Buse JB, Wexler DJ, Tsapas A, et al. A consensus report by 
the American Diabetes Association (ADA) and the European 
Association for the Study of Diabetes (EASD). Diabetes Care. 
2018;2020(43):487-493.

	62.	 US Food and Drugs Administration. FDA removes Boxed Warning 
about risk of leg and foot amputations for the diabetes medicine 
canagliflozin (Invokana, Invokamet, Invokamet XR) https://www.
fda.gov/drugs/​drug-safet​y-and-avail​abili​ty/fda-remov​es-boxed​
-warni​ng-about​-risk-leg-and-foot-amput​ation​s-diabe​tes-medic​ine-
canag​liflozin (accessed 2nd September 2020)

	63.	 Guo M, Ding J, Li J, et al. SGLT2 inhibitors and stroke risk in 
patients with type 2 diabetes: A systematic review and meta-anal-
ysis. Diabetes Obes Metab. 2018 Mar. https://doi.org/10.1111/
dom.13295 (accessed 29 August 2020)

	64.	 Zou CY, Liu XK, Sang YQ, Wang B, Liang J. Effects of SGLT2 
inhibitors on cardiovascular outcomes and mortality in type 2 
diabetes: A meta-analysis. Medicine. 2019;98(49): https://doi.
org/10.1097/MD.00000​00000​018245

	65.	 Das L, Dutta P. SGLT2 inhibition and COVID-19: The road not 
taken. Eur J Clin Invest. 2020 Jul 10:e13339.

	66.	 ClinicalTrials.gov. Dapagliflozin in Respiratory Failure in Patients 
with COVID-19 (DARE-19). 2020 (Available from: https://www.
clini​caltr​ials.gov/ct2/show/NCT04​350593 (accessed 29 August 
2020)

How to cite this article: Dashora U, Patel DC, Gregory 
R, et al. Association of British Clinical Diabetologists 
(ABCD) and Diabetes UK joint position statement and 
recommendations on the use of sodium–glucose 
cotransporter inhibitors with insulin for treatment of 
type 1 diabetes (Updated October 2020). Diabet Med. 
2021;38:e14458. https://doi.org/10.1111/dme.14458

https://doi.org/10.1111/jdi.13387
https://doi.org/10.1016/j.diabet.2018.02.001
https://doi.org/10.1016/j.diabet.2018.02.001
https://doi.org/10.1371/journal.pone.0234065
https://doi.org/10.1371/journal.pone.0234065
https://doi.org/10.1016/j.diabres.2020.108136
https://www.gov.uk/drug-safety-update/sglt2-inhibitors-updated-advice-on-increased-risk-of-lower-limb-amputation-mainly-toes
https://www.gov.uk/drug-safety-update/sglt2-inhibitors-updated-advice-on-increased-risk-of-lower-limb-amputation-mainly-toes
https://www.gov.uk/drug-safety-update/sglt2-inhibitors-updated-advice-on-increased-risk-of-lower-limb-amputation-mainly-toes
https://www.britishcardiovascularsociety.org/__data/assets/pdf_file/0021/21963/CaReMe_T2DM_CVD_2020.pdf
https://www.britishcardiovascularsociety.org/__data/assets/pdf_file/0021/21963/CaReMe_T2DM_CVD_2020.pdf
https://www.britishcardiovascularsociety.org/__data/assets/pdf_file/0021/21963/CaReMe_T2DM_CVD_2020.pdf
https://www.ema.europa.eu/en/medicines/human/referrals/sglt2-inhibitors-previously-canagliflozin
https://www.ema.europa.eu/en/medicines/human/referrals/sglt2-inhibitors-previously-canagliflozin
https://www.fda.gov/drugs/drug-safety-and-availability/fda-removes-boxed-warning-about-risk-leg-and-foot-amputations-diabetes-medicine-canagliflozin
https://www.fda.gov/drugs/drug-safety-and-availability/fda-removes-boxed-warning-about-risk-leg-and-foot-amputations-diabetes-medicine-canagliflozin
https://www.fda.gov/drugs/drug-safety-and-availability/fda-removes-boxed-warning-about-risk-leg-and-foot-amputations-diabetes-medicine-canagliflozin
https://www.fda.gov/drugs/drug-safety-and-availability/fda-removes-boxed-warning-about-risk-leg-and-foot-amputations-diabetes-medicine-canagliflozin
https://doi.org/10.1111/dom.13295
https://doi.org/10.1111/dom.13295
https://doi.org/10.1097/MD.0000000000018245
https://doi.org/10.1097/MD.0000000000018245
https://www.clinicaltrials.gov/ct2/show/NCT04350593
https://www.clinicaltrials.gov/ct2/show/NCT04350593
https://doi.org/10.1111/dme.14458

