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Insulin therapy is the mainstay for T1DM



Unmet need in Type 1 diabetes

Diabetes Care 2015;38:971-8



Clinical course of Type 1 diabetes



Recent trend in Type 1 diabetic patients

Curr Opin Endocrinol Diabetes Obes. 2015;22(4):277-82



Diabetes Care 2018;41(Suppl. 1):S73–S85

Pharmacologic approaches to glycemic treatment
Standards of medical care in diabetes -2018

Non-insulin agent

Pramlintide

Investigational agents

1. Metformin
2. Incretin-based therapies
3. SGLT-2 inhibitors



Ideal non-insulin adjunctive therapy for T1DM

Diabetes Care 2015;38:971–978

Little impact on insulin secretion and action

Safe profile for long-term use

Provide additional non-glycemic benefit

Reasonable price and insurance accepted



Data from T1D exchange registry

Diabetes Care 2015;38:971–978



Possible non-insulin adjunctive therapy for T1DM

Diabetes Care 2015;38:971–978

Metformin

α-glucosidase inhibitor

Thiazolidinedione

DPP-4 inhibitor

GLP-1 Receptor agonist

SGLT-2 inhibitor



Metformin



Metformin in type 1 diabetes

The use of metformin in type 1 diabetes: a systematic
review and efficacy

Diabetologia (2010) 53:809–820

Metformin was associated with reductions in weight (1.7–6.0 kg in three of
six studies) and total cholesterol (0.3–0.41 mmol/l in three of seven
studies).



REMOVAL trial

Lancet Diabetes Endocrinol 2017;5:597-609



REMOVAL trial - Outcomes

Primary:
Progression of mean far wall common carotid artery IMT at baseline,
12, 24, 36months

Secondary:
HbA1c, LDL-C, albuminuria, eGFR, retinopathy stage, weight, insulin
dose, endothelial function.

Tertiary:
Frequency of hypoglycemia
Treatment satisfaction
Markers of endothelial function
Progression of maximal common carotid artery IMT
Vitamin B12 status

Lancet Diabetes Endocrinol 2017;5:597-609



REMOVAL trial – Study population

• Mean age: 55.5 years(SD: 8.6)
• Diabetes duration 33.8 years
• BMI 28.5 kg/m2

• HbA1c 8.05%
• 58% used MDI, 34% used insulin pump
• BP: 129.5/72.3 mmHg (73% on hypertensive med)
• LDL-C : 85.8 mg/dL (82% on statin)

Lancet Diabetes Endocrinol 2017;5:597-609



REMOVAL trial – Primary outcome

Lancet Diabetes Endocrinol 2017;5:597-609



REMOVAL trial – HbA1c

(–0·13%, 95% CI
–0·22 to –0·04;
p=0·0060)

(–0·24%, –0·34 to
–0·13; p<0·0001)

Lancet Diabetes Endocrinol 2017;5:597-609



REMOVAL trial – Insulin dose

(–0·005 units per kg, 95% CI
–0·022 to 0·012; p=0·5450)

Significant interaction
between treatment and visit
(units per kg; p=0·0018)

Small but sustained reduction after
6months(estimated in post-hoc analyses as
–0·023 units per kg, 95% CI –0·045 to –
0·0005; p=0·045; 1.9U for 80kg)

Lancet Diabetes Endocrinol 2017;5:597-609



REMOVAL trial – Body weight

–1·17 kg, 95% CI –1·66 to –0·69;
p<0·0001

Lancet Diabetes Endocrinol 2017;5:597-609



REMOVAL trial – Tertiary outcomes

Lancet Diabetes Endocrinol 2017;5:597-609



REMOVAL trial - Conclusion

1. The result of REMOVAL do not support the assertion by current
guidelines that metformin treatment results in a clinically meaningful
improvement in glycemic control.

2. Treatment with metformin was safe, but with the expected GI S/E
leading to some discontinuation. And also, risk of biochemical vit-B12
deficiency was increased over 3 years.

3. Progression of the primary outcome mean cIMT was not significantly
reduced with metformin.

4. The reduction in weight and the tertiary outcome maximal cIMT
indicate that metformin may have a wider role in CV risk management.

Lancet Diabetes Endocrinol 2017;5:597-609



Further discussion

• Does metformin has an CV benefit?

• Dose reduction of insulin is meaningful?

• BW lowering effect is great in Obese T1D patients.

• Biochemical monitoring for Vit-B12 is necessary?

BMI
< 25

BMI
≥ 30

Lancet Diabetes Endocrinol 2017;5:597-609



Metformin in type 1 diabetes

Diabetes Metab Res Rev. 2018;e2983.

A1C

Insulin dose

BMI

GI S/E



α-glucosidase inhibitor

• Mechanism – insulin independent

• Low hypoglycemia

• No weight gain

• Advantage in controlling
post-prandial hyperglycemia



Diabet Med 16;228-232:1999

75% patients in the acarbose group and 39%
patients in the placebo group reported at least one
adverse event during the double-blind period of the
study. Most adverse events were mild and most were
confined to the gastrointestinal tract.



Diab Res Clin Prac 41;139-145:1998

In total 214 adverse events were reported for 73(81%) patients, of which 71 (33%) occurred
during placebo run-in phase, 124 (58%) during acarbose and 13 (6%) during placebo run-out
phase. The most frequent reported adverse events were flatulence (43%), diarrhoea (27%),
abdominal pain(11%).



α-glucosidase inhibitor

• Overall, AGIs tend to be well tolerated and help reduce
post-prandial glycemic excursions in individuals with
T1DM.

• Modest HbA1c reduction and relatively high incidence of
S/E are main barrier to prolong use of this drug.

• Balanced trial for long-term outcomes is needed.



Thiazolidinedione



The effect of rosiglitazone on overweight T1D

Rosiglitazone in combination with insulin resulted in
improved glycemic control and blood pressure without
an increase in insulin requirements, compared with
insulin- and placebo-treated subjects, whose improved
glycemic control required an 11% increase in insulin
dose.

Diabetes Care 28:1562–1567, 2005



Effect of pioglitazone in lean T1D

Diab Res Clin Pract 78;349–354:2007



The addition of rosiglitazone to insulin in T1D

Only two of the seven subjects had an improvement in insulin sensitivity of greater than 10% on
rosiglitazone. The improvement in these subjects could not be predicted by initial HbA1c, age, BMI-SDS,
pubertal stage or compliance.

Pediatric Diabetes 2008: 9: 326–334



Thiazolidinedione

• Thus, the benefits of thiazolidinedione treatment are modest,
although insulin requirement slightly decreased.

• However, the greatest effect of rosiglitazone occurred in subjects
with more pronounced markers of insulin resistance, we might be
consider this treatment in severe insulin-resistant patients.

• When we consider the potential risk of edema and weight gain, a
thiazolidinedione as an add-on to insulin cannot be considered as a
potential future treatment of patients with type 1 diabetes.

• Moreover, concerns exist about bone metabolism and long-term use
of these drugs.



Incretin-based therapy



Antidiabetic actions of GLP-1 in T1D

Antagonist

Saline

GLP-1

Diabetes 60:1599–1607, 2011

KS1



슬라이드 34

KS1 환자 baseline character 넣을건지?
Kim Sangyong, 2018-04-30



Clinical trials for GLP-1 agonist in T1D



Clinical trials for GLP-1 agonist in T1D



Clinical trials for GLP-1 agonist in T1D

Lancet Diabetes Endocrinol 2016;4:766–80



ADJUNCT-1 trial
A 52-week, double-blind, treat-to-target trial involving 1,398 adults randomized
3:1 to receive once-daily subcutaneous injections of liraglutide (1.8, 1.2, or 0.6 mg)
or placebo added to insulin.

Diabetes Care 2016;39:1702–1710



Clinical trials of DPP-4 inhibitor



Meta-analysis for incretin based therapy in T1D

Diabetes Res Clin Pract 2017;129:213-23.



Incretin-based therapy

• In patients with type 1 diabetes, the amount of meal-induced GLP-1
secretion is similar to that of healthy individuals.

• Findings from clinical trials suggest that incretin-based therapy
induce weight loss and reduce insulin requirements, with either
improved or unaltered glycemic control.

• DPP-4 inhibitors as add-on to insulin modestly improve HbA1c with
no raised risk of hypoglycemia and no effect on body weight or the
daily doses of insulin needed.

• GLP-1RA added to insulin therapy reduced HbA1c levels, total insulin
dose, and body weight in type 1 diabetes, accompanied by increased
rates of symptomatic hypoglycemia and hyperglycemia with ketosis,
thereby limiting clinical use in this group.



SGLT-2 inhibitor



Clinical trials of SGLT-2 inhibitor in T1D



Clinical trials of Sotagliflozin

N Engl J Med. 2017 Sep 13. [Epub ahead of print]

Phase 3, double-blind trial, we randomly assigned 1402 patients with type 1 diabetes who
were receiving treatment with any insulin therapy (pump or injections) to receive sotagliflozin
(400 mg per day) or placebo for 24 weeks. The primary end point was a glycated hemoglobin
level lower than 7.0% at week 24, with no episodes of severe hypoglycemia or diabetic
ketoacidosis after randomization. Secondary end points included the change from baseline in
glycated hemoglobin level, weight, systolic blood pressure, and mean daily bolus dose of
insulin.



Clinical trials of Sotagliflozin

N Engl J Med. 2017 Sep 13. [Epub ahead of print]



Clinical trials of Dapagliflozin

Lancet Diabetes Endocrinol. 2017;5(11):864-876

DEPICT-1 was a double-blind, randomised, parallel-controlled, three-arm, phase 3,
multicentre study done at 143 sites in 17 countries. Eligible patients were aged 18–75
years and had inadequately controlled type 1 diabetes (HbA1c between ≥7·7% and ≤11·0% 
[≥61·0 mmol/mol and ≤97·0 mmol/mol]) and had been prescribed insulin for at least 12 
months before enrolment. The primary efficacy outcome was the change from baseline in
HbA1c after 24 weeks of treatment in the full analysis set, which consisted of all randomly
assigned patients who received at least one dose of study drug.



Clinical trials of Dapagliflozin

Lancet Diabetes Endocrinol. 2017;5(11):864-876



Meta-analysis for SGLT-2i therapy in T1D

Sci Rep. 2017 9;7:44128



Main problem of SGLT-2 inhibitor use in T1D

• Inhibition of SGLT2, the major sodium–glucose cotransporter in the
kidney, directly reduces hyperglycemia through an insulin-
independent mechanism and could provide new possibilities for
patients with type 1 diabetes.

• Some SGLT-2 inhibitors adjunct to insulin for the treatment of type 1
diabetes shows the improvement in HbA1c and weight loss, with a
lower risk of hypoglycemia.

• Although there are primary cause for DKA events such as pump failure,
missed insulin dose, the event rate increased in the group that using
SGLT-2 inhibitors.

• Interest is increasing about the relation between use of SGLT2
inhibition and development of DKA in both type 1 and type 2 diabetes,
and the FDA has recommended that SGLT2 inhibitor use should be
avoided in patients with type 1 diabetes.



Non-insulin agents for type 1 diabetes

Type 1
Diabetes

Metformin

α-glucosidase 
inhibitor

TZD

DPP-4 inhibitor

GLP-1 RA

SGLT-2 inhibitor

?

?

?
?

?

?



Conclusion

• Despite the proven benefits of tight glycemic control in individuals with type 1
diabetes in reducing diabetic complications, the risk and fear of hypoglycemia
and the potential for weight gain are limitations of treatment.

• With regard to the rising problem of severe obesity and insulin resistance in
individuals with type 1 diabetes, trials focusing on adding non-insulin
hypoglycemic agent to treatment will be of interest for type 1 diabetic patients.

• However, the non-insulin hypoglycemic agents do not hold promise for
achieving improved glycemic control with type 1 diabetes except some
antidiabetic agent.

• Large and long-term randomized, controlled clinical trials should be done to
further explore the non-insulin drugs: Ideally, both lean and obese people with
and without residual β-cell function, should be included in the studies.



Thanks for your attention!!


