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Abstract: Type 1 diabetes mellitus (T1DM) is characterized by relative or absolute insulin
deficiency. Despite treatment with insulin therapy, glycemic goals are not always met, and insulin therapy is sometimes limited by adverse effects, including hypoglycemia and weight gain.
Several adjunctive therapies have been evaluated in combination with insulin in patients with
T1DM to improve glycemic control while minimizing adverse effects. Pramlintide, an amylin
analog, can improve glycemic control, primarily through lowering postprandial blood glucose
levels. Patients may experience weight loss and an increased risk of hypoglycemia and require
additional mealtime injections. Metformin provides an inexpensive, oral treatment option and
may reduce blood glucose, especially in overweight or obese patients with minimal risk of
hypoglycemia. Metformin may be more effective in patients with impaired insulin sensitivity.
Glucagon-like peptide-1 receptor agonists reduce primarily postprandial blood glucose and
insulin dose and promote weight loss. They are expensive, cause transient nausea, may increase
risk of hypoglycemia and require additional injections. Sodium–glucose transport-2 inhibitors
improve glycemic control, promote weight loss and have low risk of hypoglycemia with appropriate insulin adjustment; however, these agents may increase the risk of diabetic ketoacidosis
in patients with T1DM. Patient-specific characteristics should be considered when selecting
adjunctive therapy for patients with T1DM. Close monitoring, insulin dose adjustments and
patient education are all important to ensure safe and effective use of these agents.
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Type 1 diabetes mellitus (T1DM) is characterized by reduced insulin secretion or
absolute insulin deficiency as a result of autoimmune beta-cell dysfunction.1 Standard
of care for T1DM management is intensive insulin therapy, although this only partially
addresses the inappropriate glucagon release due to abnormal alpha-cell function.1,2
Intensive glucose control can decrease the risk of microvascular and macrovascular
complications in T1DM,3–5 but often causes undesirable adverse effects (AEs), including increased risk of hypoglycemia, weight gain, higher insulin doses and frequent
injections.5 Despite advances in insulin and its administration, patients with T1DM
continue to have difficulty achieving optimal glucose control.5 As a result, the evaluation of adjunctive therapies for patients with T1DM is warranted.5
Several adjunctive treatments have been studied to determine potential benefits
in T1DM based on their mechanisms of action and AE profiles in type 2 diabetes
mellitus (T2DM).1 Pramlintide is an amylin analog and currently the only US Food
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and Drug Administration (FDA)-approved adjunctive therapy
for T1DM.6 Although it is associated with weight loss and
glucagon inhibition, pramlintide use is limited because of
administration and AEs. Metformin, a biguanide, is recommended by the American Diabetes Association (ADA)
in obese patients with T1DM and currently utilized more
frequently than pramlintide in these patients (6% versus 2%,
respectively).1,7 Metformin may demonstrate benefits on insulin dose and weight without increasing hypoglycemia risk.1,2,8
Incretin mimetics, including glucagon-like peptide-1 receptor
agonists (GLP-1 RAs) and dipeptidyl-peptidase-4 inhibitors
(DPP-4 inhibitors), have been associated with decreased
glucagon secretion, and GLP-1 RAs also promote weight
loss.2 Sodium–glucose transporter-2 (SGLT2) inhibitors
impair renal glucose reabsorption in an insulin-independent
manner and have also been studied in T1DM.2 This review
will evaluate the efficacy and safety of these non-insulin
adjunctive therapies for patients with T1DM.
PubMed (1966–December 2017) and Ovid (1946–
December 2017) were used to search Medline using the
keywords type 1 diabetes mellitus, pramlintide, metformin,
glucagon-like peptide-1 receptor agonist, exenatide, liraglutide, dulaglutide, albiglutide, lixisenatide, semaglutide,
sitagliptin, saxagliptin, linagliptin, alogliptin, vildagliptin,
canagliflozin, dapagliflozin, sotagliflozin and empagliflozin.
Abstracts presented at the scientific and clinical sessions of
the ADA and the American Association of Clinical Endocrinologists were also reviewed. The references of published
articles identified were examined for additional studies
appropriate for the review. Publications involving animal
subjects, healthy patients or patients with type 2 diabetes
were excluded. Publications evaluating clinical outcomes
related to blood glucose (BG), hemoglobin A1c (A1c) or
weight in patients with T1DM were included. Of 240 abstracts
identified, the most common reasons for exclusion were the
inclusion of healthy patients or patients with T2DM or the
evaluation of intermediate outcomes.

pramlintide include decreasing postprandial glucose and
improving A1c without weight gain.

Clinical evaluation

Amylin is cosecreted with insulin from the pancreatic β-cells
and inhibits postprandial glucagon secretion, slows gastric
emptying and increases satiety. Patients with T1DM have a
deficiency of insulin and amylin. Poor solubility and problems
with aggregation prevent use of native amylin. Pramlintide,
approved by the FDA in March 2005, is a synthetic analog of
amylin. Both amylin and pramlintide have similar molecular
structures and bind to amylin receptors. Clinical benefits of

The safety and efficacy of pramlintide have been evaluated
in multiple studies, which are summarized in Table 1. In a
randomized study with an open-label extension, pramlintide
improved long-term glycemic control without producing
weight gain or increasing the incidence of hypoglycemia. This
double-blind, multicenter study included 480 patients with
T1DM randomized to receive pramlintide 30 mcg or placebo
with insulin prior to meals and a bedtime snack (four times a
day). At week 20 of the 52-week trial, the dose was increased
to 60 mcg if the change in A1c was <1% from baseline. The
A1c reduction at week 13 was 0.67%, which was statistically
significant (P<0.0001) compared to placebo. Change in A1c
from baseline to week 52 was −0.39% in the pramlintide
group and −0.12% in the placebo group (p=0.0071). Three
hundred forty-two patients completed the first 52 weeks and
69% continued in the open-label extension. Patients in the
open-label portion were started on pramlintide 30 mcg and
could increase to 60 mcg. The total daily insulin dose (TDID)
increased by 2.3% in the pramlintide group and 10.3% in the
placebo group at week 52 (p=0.0176). Total daily insulin was
not followed for the extension part of the study. The openlabel extension (weeks 52–104) showed that the A1c reduction was maintained. There was a slight decrease in body
weight in the pramlintide group (0.5 kg) and an increase in
the placebo group (1.0 kg) at the end of 52 weeks (p>0.05).
Severe hypoglycemia, defined as requiring the assistance
of another person, was the same across all groups. Nausea
occurred more frequently in the first 2 weeks of therapy and
was the most common reason for withdrawal (7.4% in the
pramlintide group and 1.7% in the placebo group) from the
study (no p value reported).9
Another randomized clinical trial evaluated glycemic
control and weight after 1 year of therapy with pramlintide 60 mcg dosed three or four times a day (TID or QID).
The double-blind, placebo-controlled, parallel-group study
included 651 patients with T1DM. A fourth treatment arm
(90 mcg TID) was excluded from the efficacy analysis but
included in the safety analyses. Consistent with other trials,
nausea was the most common AE and more patients withdrew
in the treatment groups (TID 19.5% and QID 13.7%) compared to placebo (3.9%). Reduction in A1c at 52 weeks for
the TID group was 0.29% (p<0.011) and 0.34% (p<0.001) for
the QID group compared to 0.04% reduction with placebo.
Three times more patients receiving pramlintide reached an
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Table 1 Summary of clinical trials for pramlintide in patients with T1DM
Study

Duration (weeks)

Number of patients

Pramlintide regimen

Results

Whitehouse et al, 2002

52

480

Placebo
30–60 mcg QID

A1c reduction
Weight loss

Ratner et al,10 2004

52

651

Placebo
60 mcg TID
60 mcg QID
90 mcg TID

A1c reduction
Weight loss

Ratner et al,11 2005

26

477

Placebo
30–60 mcg TID or QID

A1c reduction
Weight loss
Decrease in insulin use

Edelman et al,12 2006

29

296

Placebo
15–60 mcg TID–QID

Same A1c reduction in both placebo and
pramlintide
Reduction in postprandial excursions
Weight loss
Decrease in insulin use

Levetan et al,14 2003

6

18

30 mcg TID

Decrease in hyperglycemia and increase in
euglycemia
Decrease in insulin use
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Abbreviations: T1DM, type 1 diabetes mellitus; TID, 3 times daily; QID, 4 times daily; A1c, hemoglobin A1c.

A1c of <7% as compared to placebo. In addition, the average
insulin use decreased in the TID group by 3% and by 6% in
the QID group with no change in the placebo group (no p
value reported). Body weight decreased 0.4 kg in the TID
(p<0.027) and QID (p<0.040) groups and the placebo group
experienced 0.8 kg weight gain. Nausea occurred within the
first 4 weeks of therapy but improved with continued use.
Unlike other studies, investigators could reduce the pramlintide dose to 30 mcg for 2 weeks to help with the nausea but
then patients had to go back to the 60 mcg dose.10
A pooled analysis of three long-term clinical trials showed
that pramlintide may help patients with T1DM and an A1c
close to target (7%–8.5%) reach glycemic goals without
increasing the risk of severe hypoglycemia and weight gain.
Of 1717 patients enrolled in the three studies, 477 (281 on
pramlintide and 196 placebo) met the criteria of A1c between
7% and 8.5%. Patients received 30 or 60 mcg of pramlintide
TID or QID or placebo. Most patients were on multiple daily
injections (MDI) with only 17 patients using continuous
subcutaneous insulin infusion (CSII). The change in A1c was
greater during the first 8 weeks of therapy (0.4% reduction in
pramlintide and no change in the placebo group), but slowly
increased in weeks 8–26. A1c change from baseline to week
26 was −0.16% (p=0.0009) in the pramlintide group and
0.1% increase in the placebo group. The placebo-corrected
reduction in body weight from weeks 4 to 26 averaged 1.8
kg (p<0.0001). Insulin use declined in the pramlintide group
by 4% and increased in the placebo group by 3%. Rates of
severe hypoglycemia were higher in the pramlintide group
during the first 4 weeks of therapy. However, the overall
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event rate per subject for severe hypoglycemia was 1.40 in
the pramlintide group and 1.86 in the placebo group. Nausea
was more common during the first 4 weeks of therapy (40% in
the pramlintide group compared to 6% in the placebo group),
but leveled out during weeks 4–26 (9% in the pramlintide
group and 6% in the placebo group).11
Edelman et al demonstrated that dose escalation with
pramlintide in addition to mealtime insulin reduction during the initiation phase was safe and effective. This study
included 296 patients with T1DM using MDI or CSII. The
starting dose for pramlintide was 15 mcg and was titrated
by 15 mcg weekly to a maximum of 60 mcg. Insulin dose
was decreased 30%–50%. Patients in the pramlintide and
placebo group experienced a 0.5% reduction in A1c, but
the pramlintide group experienced a significant decrease
in postprandial glucose levels (−175±40 mg/dL) compared
to placebo (−64±38 mg/dL) after 29 weeks. The TDID
decreased by 12% in the pramlintide group and increased
by 1% in the placebo group. The change in weight was
significant for the pramlintide group, whereas the placebo
group gained weight. Nausea was more common in the
pramlintide group and severe hypoglycemia was the same
for both groups. This study concluded that dose escalation
with mealtime insulin reduction decreased nausea and the
risk of hypoglycemia.12 A retrospective analysis of this
study reported higher patient treatment satisfaction with
pramlintide regardless of insulin delivery method (MDI or
CSII). The majority of patients agreed or strongly agreed
that pramlintide provided benefits that were worth the extra
injections.13
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A small study evaluated the use of pramlintide 30 mcg
TID in 18 patients with T1DM treated with CSII. Continuous glucose monitoring (CGM) showed that after 4 weeks
of treatment there was an 11% decrease in hyperglycemic
fluctuations (>140 mg/dL) and a 9% increase in time in the
euglycemic range (80–140 mg/dL). In addition to decreasing
postprandial glucose, pramlintide also significantly decreased
glucagon and triglyceride excursions (p<0.05).14
Most Phase III trials were completed in a general practice
setting, but the dose escalation study was conducted at sites
with more experience titrating insulin.15 Also, initially, pramlintide was only available in a vial and doses (in micrograms)
were converted to units so that an insulin syringe could be
used for delivery. This dosing was complicated for patients
and providers. In three studies, there was a documented
increase in A1c after an initial reduction. The increase in
A1c started at weeks 8, 13 and 26.9–11 Decreased patient
compliance with vial and syringe may contribute to the slow
increase in A1c levels. Finally, two Phase III clinical trials
and the pooled analysis study used fixed doses of pramlintide
and insulin, so the incidence of nausea and hypoglycemia
was much higher. The recommendation to titrate pramlintide and reduce insulin was not documented until the dose
escalation study.

Adverse effects
Nausea

The most common AEs in Phase III clinical trials were nausea, anorexia, vomiting and headache. Nausea was defined as
mild or moderate in intensity and did not interfere with daily
activities or require treatment.9,10,12 Nausea is dose dependent and more common in the first 4–8 weeks of therapy.
Some earlier clinical trials did not allow dose titration and,
therefore, the frequency of nausea and the number of study
withdrawals were much higher. Starting pramlintide with
one meal a day and titrating to three meals a day may reduce
nausea. Initiating pramlintide with the evening meal also
allows patients to be home if nausea does occur.16 Nausea
may also increase the risk of hypoglycemia because of less
food intake.15 The dose escalation study showed about a 1.4%
withdrawal because of nausea compared to about 9% for other
clinical trials. About 70% of the 142 patients on pramlintide
reached the max dose of 60 mcg.

Weight loss
In the Diabetes Control and Complications Trial, intensive
insulin therapy was associated with an average of 4.75 kg
more weight gain than in the conventional treatment group.
Lipid levels and blood pressure increased with the weight
gain and were similar to patients with insulin resistance.17 A1c
improvement in the trials with pramlintide was associated
with a 0.4–1.3 kg reduction in weight.9,10,12 The weight loss
associated with pramlintide is independent of the nausea.18
In one of the clinical trials, patients were stratified based
on baseline body mass index (BMI). Patients with a BMI
≥27 kg/m2 lost more weight compared to patients with a BMI
23–27.10 This is important for the thinner patient with T1DM
because weight loss would not be a priority.

Dosage and administration

Pramlintide without concomitant insulin does not cause hypoglycemia, but when used with insulin it does increase the risk
of and carries a black box warning for severe hypoglycemia

Due to the risk of hypoglycemia, the manufacturer recommends that mealtime insulin should be reduced by 50%
when starting pramlintide. The starting dose for T1DM is
15 mcg subcutaneously before meals and titrated in 15 mcg
increments up to a max dose of 60 mcg. Waiting at least 3
days between dose titrations may minimize nausea. A dose
reduction to 30 mcg is recommended if nausea continues at
the 60 mcg dose. If patients are unable to tolerate 30 mcg
then pramlintide should be discontinued. Pramlintide is now
available in two disposable multidose prefilled pen devices.
The 60 pen-injector delivers doses of 15, 30, 45 and 60 mcg
and the 120 pen-injector delivers doses of 60 and 120 mcg.
Pramlintide should never be mixed with other insulins
and should be administered subcutaneously in the abdomen
or thigh at least 2 inches from insulin injection or pump
sites. No dosing adjustments are required for renal impairment, but pramlintide has not been studied in patients on
dialysis, with end-stage renal disease or hepatic impairment.
Pramlintide is contraindicated in patients with hypoglycemia
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in patients with T1DM. The risk of hypoglycemia is the highest 2–3 hours following an injection. Severe hypoglycemia
(requiring assistance from another person) was more frequent
during the first 4–6 weeks of therapy.9,10 Rates of hypoglycemia were higher in some of the early clinical trials because
patients were not allowed to adjust doses of mealtime insulin.
The rate of severe hypoglycemia was similar to placebo in the
dose escalation study, which allowed a 30%–50% reduction
in mealtime insulin when pramlintide was initiated. Dosing
pramlintide before the meal and dosing mealtime insulin
5–15 minutes after the meal allow patients to adjust insulin
doses based on actual carbohydrates consumed.12
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u nawareness and gastroparesis. Pramlintide should be avoided
for patients with poor compliance to current insulin regimen,
poor compliance to self-monitoring BG, A1c >9%, recurrent
severe hypoglycemia requiring assistance to treat in the past
6 months, or the use of medications to stimulate gastric motility. Pramlintide is not approved for use in pediatric patients.6

Metformin

Mechanism of action and clinical effects
Metformin, a biguanide, reduces hepatic glucose production, decreases intestinal glucose absorption and promotes
peripheral glucose uptake and insulin sensitivity resulting in
decreased fasting and postprandial glucose. As metformin
does not modulate insulin, there is minimal hypoglycemic
risk.8 Metformin has demonstrated long-term efficacy and
safety, cost-effectiveness and potential reductions in cardiovascular (CV) events in T2DM, making it a first-line therapy
for adult and pediatric patients.1 In T1DM, metformin is
hypothesized to improve insulin resistance with the benefit
of no additional hypoglycemic risk or weight gain and lower
insulin doses.2,19

Clinical evaluation
Metformin has been evaluated in adult and pediatric patients
with T1DM. Lund et al identified 100 patients with T1DM and
A1c ≥8.5% in the previous year. If A1c was ≥8% at the end of
a 1-year, run-in period, they were randomized to receive metformin titrated to 1000 mg twice daily or placebo in addition
to insulin therapy for 12 months. Metformin-treated patients
did not demonstrate a significant reduction in A1c compared
to placebo (0.13%, p=0.422); but A1c decreased significantly
with placebo (0.23%, 95% CI [−0.45, −0.01]). Between-group
differences were significant in favor of metformin for TDID
(−5.7 units, 95% CI [−8.6, −2.9], p<0.001) and body weight
(−1.74 kg, 95% CI [−3.32, −0.17], p=0.030).20 Another trial
evaluated metformin in 62 patients with T1DM on CSII and
with an A1c <9%. Patients were randomized to metformin
850 mg twice daily or placebo. Patients and/or investigators
could adjust insulin doses based on self-monitored blood glucose (SMBG). Daily insulin requirements were significantly
reduced with metformin compared to an increase in patients
taking placebo (−4.3±9.9 units and 1.7±8.3 units, respectively;
p=0.0043). Basal insulin requirements were also significantly
decreased with metformin (−2.6±3.2 units and 1.9±5.7 units,
respectively; p=0.023). There was no difference in bolus
insulin requirements or A1c.21
A retrospective study by Staels et al identified 242 patients
with T1DM who had been recommended for adjunctive
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 etformin and intensive insulin therapy. Patients were
m
divided into two cohorts based on metformin duration 0–6
months (CTR) or ≥6 months (MET) and compared to a
reference cohort (REF) of patients with T1DM not offered
metformin. At baseline, the REF cohort had a longer duration of diabetes and lower A1c than the metformin cohorts.
Mean insulin dose was significantly lower in the MET cohort
than the CTR cohort. Most patients (90%) in the MET and
CTR cohorts were overweight compared to <40% in the REF
cohort. After 10 years, there were no differences in A1c,
insulin dose or BMI. This study suggests that metformin
may not have long-term effects in T1DM but the study is
limited by trial design.19
Two randomized trials evaluated metformin in overweight
or obese patients with T1DM as adjunct to insulin therapy.
Khan et al studied 15 overweight or obese patients with
T1DM utilizing a randomized, crossover design. Following
insulin optimization, patients were randomized to receive
metformin 850 mg daily titrated to 850 mg three times daily
or placebo for 16 weeks. Baseline BMI was 31.3±2.6 kg/m2
and A1c was 8.6%±1.4%. Metformin treatment resulted in
significant reductions in A1c compared to placebo (7.8±1.1
versus 8.6%±1.2%; p<0.005). Metformin significantly
reduced insulin doses from baseline (50±13 versus 60±14
units; p<0.05) and in comparison to placebo (50±13 versus
58±12 units; p<0.05). There was no significant difference in
weight. Fasting plasma glucose (FPG) was also significantly
reduced with metformin compared to placebo (149.4±50.4
versus 226.8±61.2 mg/dL; p<0.001).22 Jacobsen et al evaluated 24 patients with T1DM and a mean BMI of 29.2±3.0
kg/m2 after 6 months of metformin or placebo. Patients were
randomized to metformin 500 mg twice daily titrated to 1000
mg twice daily or placebo. No statistical difference was
found in A1c or FPG between groups. At 6 months, TDID
was significantly decreased in the metformin group compared to an increase in the placebo group (−5.9±2.2 versus
2.9±1.7; p=0.004). A significant decrease in weight was seen
for metformin compared to placebo (−3.9±1.5 kg, p=0.02).23
Petrie et al evaluated metformin’s potential CV and glycemic effects over 3 years in 428 patients with T1DM and at least
three prespecified CV risk factors. Patients were randomized
to metformin titrated to 1000 mg twice daily or placebo. There
was no significant difference in the primary outcome and progression of average mean far-wall carotid artery intima-media
thickness (cIMT) (−0.005 [−0.012, 0.002]; p=0.1664). A1c
was significantly reduced at 3 months but was not sustained
(−0.13% [−0.22, −0.04]; p=0.0060). After 6 months, there
was a slight reduction in insulin dose in metformin-treated
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patients (−0.023 units/kg, [−0.045, −0.0005]; p=0.045) that
diminished by 3 years. Weight (−1.17 kg, [−1.66, −0.69];
p<0.0001) and low-density lipoprotein (−2.3 mg/dL, [−4.3,
−0.5]; p=0.0117) were significantly reduced with metformin.
Metformin significantly increased estimated glomerular
filtration rate (eGFR) by 4.00 mL/min/1.73 m2 (p<0.0001).
The tertiary outcome of averaged maximal far-wall cIMT
demonstrated significance (p=0.0093). As the trial did not
meet power, conclusions are limited on these outcomes.
Larger trials with clinical outcomes could provide additional
information on CV risk in this population.24
Three randomized controlled trials evaluated metformin
therapy in pediatric patients with T1DM. Hamilton et al investigated whether metformin would improve insulin sensitivity,
glycemic control, insulin dose and BMI in 27 patients aged
12–17 years with T1DM, on insulin doses >1 unit/kg/day and
A1c >8%. Metformin was started at 500 mg daily and titrated
to 1000, 1500 or 2000 mg daily based on weight. At 3 months,
no difference was found in insulin sensitivity (p=0.26). A1c
was 0.6% lower in the metformin group than the placebo
group (p<0.03). FPG significantly decreased with metformin
but was the lowest at 2 months (−21.6±36 versus 1.8±45 mg/
dL; p=0.004). Insulin doses were also significantly lower in
the metformin group (−0.14±0.1 versus 0.02±0.2 units/kg/
day; p<0.01), which was attributed to lower doses of neutral
protamine Hagedorn (NPH) insulin. There was a trend toward
lower BMI in metformin-treated patients but it did not reach
significance (p<0.15).25 In another trial, 30 patients (aged 14–20
for girls, 16–20 years old for boys) with approximate mean
A1c of 9.3% and insulin dose of 1.2 units/kg were randomized
to metformin or placebo for 3 months. Twenty-five patients
were utilizing MDI and five CSII. Metformin was titrated to
1000 mg twice daily. A1c significantly decreased from 9.6%
to 8.7% (95% CI [−1.6, −0.1], p<0.05) in the metformin group
and remained unchanged in the placebo group. No difference
was found in insulin doses, BMI or lipids. A longer duration
with sustained metabolic control may have demonstrated a
difference in insulin dose because these patients were poorly
controlled initially. Patients with decreased insulin sensitivity
benefited greatest from metformin.26 Nadeau et al studied 74
pubertal adolescents aged 13–22 years with T1DM who were
randomized to either metformin 500 mg twice daily or placebo
for 6 months. There were no significant differences in A1c.
In the female subgroup, A1c was lower by 0.4% at 3 months
but not statistically significant (p=0.06). A trend toward lower
A1c was seen in overweight or obese patients with metformin
at 6 months. Metformin significantly decreased daily insulin
dose in units and units/kg (p<0.05, p=0.014, respectively),

whereas placebo increased insulin dose in units (p=0.03) but
was unchanged by units/kg. Men and women experienced a
significantly greater decrease in daily insulin dose in units/
kg (p<0.04 and p<0.05, respectively). Oddly, overweight and
obese patients did not demonstrate a change in insulin dose but
decreased units/kg (1.23±0.24 to 1.09±0.21; p=0.004). BMI
z-score was significantly decreased within the metformin group
(0.77±0.63 to 0.70±0.55; p=0.01). The lower metformin dose
may have contributed to lack of benefit in some parameters
but was utilized to avoid potential hypoglycemia.27
Two randomized controlled trials evaluated metformin
added to insulin therapy in overweight or obese adolescent
patients with T1DM. Libman et al included 140 patients aged
12–20 years with BMI ≥85th percentile for age and sex and
A1c between 7.5% and 9.9% on at least 0.8 units/kg/day of
insulin. Metformin was titrated up to 1000 mg twice daily.
A1c decreased significantly at week 13 but was not sustained
at week 26 (0.2% in both groups; p=0.92). Mean TDID per
kg was lower in metformin-treated patients compared to
placebo-treated patients (−0.1 [−0.2, −0.0]; p<0.001). In
addition, 23% in the metformin group demonstrated a ≥25%
reduction in TDID (p=0.003). BMI z-score decreased more
in the metformin group compared to the placebo group (−0.1
[−0.2, −0.1]; p<0.001). BMI reductions of at least 10% from
baseline occurred in 24% of the metformin group versus
7% of the placebo group (p=0.01). More patients taking
metformin had at least a 5% reduction in weight compared
to placebo (p=0.09).28 The second trial evaluated 28 patients
with T1DM aged 10–20 years with BMI >85% and A1c >8%
for 9 months who took metformin 1000 mg daily or placebo
in addition to current insulin therapy. A1c and FPG did not
differ significantly between metformin and placebo (p=0.903
and p=0.927). The change in TDID between metformin
and placebo was 0.31 units/kg (1.42 versus 1.73 units/kg;
p=0.245). Again, metformin was utilized at a lower dose
to avoid severe hypoglycemia. This trial also followed an
algorithm for insulin management, which may have affected
results. In addition, this trial did not meet power, so results
may have been significant with larger trial size.29
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Adverse effects
Gastrointestinal (GI) effects
GI effects, including diarrhea, nausea, vomiting and abdominal discomfort, are the most common AEs with metformin
therapy.1 Several studies found low frequency or no difference in GI AEs.20–23,25,27 However, Libman et al reported 50
(70%) GI events in metformin and 24 (35%) events in placebo
groups (p<0.001).28 Treatment discontinuation occurred in

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy downloaded from https://www.dovepress.com/ by 34.231.247.139 on 18-Sep-2019
For personal use only.

Dovepress

Adjunct therapy for T1DM

16% of patients on metformin in one trial compared to only
3% of patients on placebo.24 Another trial reported metformin
discontinuation in only three patients receiving metformin.21
One trial reported a significant increase in metallic taste in
the metformin group (metformin 7, placebo 1; p=0.029).20

eGFR <30 mL/min/1.73 m2 and should not be initiated if
eGFR is 30–45 mL/min/1.73 m2. Consider dose reductions
if eGFR decreases below 45 mL/min/1.73 m2.8 Metformin
should not be given prior to certain procedures or administration of iodinated contrast dye.8

Lactic acidosis
Lactic acidosis is uncommon when metformin is dosed appropriately in patients with renal dysfunction. Lactic acidosis
was not reported in any of these trials.20–29

Incretin mimetics
Mechanism of action and clinical effects

B12 deficiency
Vitamin B12 deficiency is associated with long-term use
of metformin.1 Petrie et al was the only trial to specifically
address this potential long-term AE, and B12 deficiency was
significantly increased in the metformin group (HR 2.76
[1.28, 5.95]; p=0.0094).24
Hypoglycemia
When combined with intensive insulin therapy, hypoglycemia
may occur if the insulin dose is not appropriately adjusted.
The majority of trials found no difference in minor or major
hypoglycemia.20–22,24,25,27,29 Jacobsen et al found a significant
increase in biochemical hypoglycemia with metformin that
was most evident in the first 8 weeks, correlating with insulin dose adjustments. No severe hypoglycemia occurred.23
Libman et al reported severe hypoglycemia in five patients
treated with metformin versus none treated with placebo (7%
difference [−9%, 23%]; p=0.06). Most occurred in the first 6
weeks when insulin dose adjustments were still occurring.28
Nwosu et al found that nocturnal hypoglycemia was similar
in the metformin and placebo groups.29

Dosage and administration
Metformin is an oral antihyperglycemic agent and should be
started at a low dose with food to avoid GI effects. Extendedrelease (ER) metformin preparations may be preferred
because of once-daily dosing and reduced GI effects. Glucophage® is started at 500 mg twice daily or 850 mg daily with
meals with a maximum daily dose of 2550 mg. Glucophage
XR® is dosed at 500 mg daily with a maximum daily dose
of 2000 mg. The maximum pediatric dose of Glucophage is
2000 mg daily. If Glucophage XR is not tolerated once daily,
consider dividing the dose. If administered with insulin and
FPG is <120 mg/dL, decrease insulin dose 10%–25% to
avoid hypoglycemia.8 Metformin dosing recommendations
in renal impairment may be based on eGFR instead of serum
creatinine. Metformin is contraindicated in patients with an
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GLP-1, an incretin hormone, regulates glucose levels and
weight by increasing insulin secretion, decreasing glucagon
secretion, slowing gastric emptying and promoting satiety;
however, it is rapidly degraded by DPP-4.30 Incretin mimetics, GLP-1 RAs and DPP-4 inhibitors, are recommended in
T2DM because of low risk of hypoglycemia and potential
for weight maintenance or loss.1,31 For patients with T1DM,
incretin mimetics are of interest because of the potential to
preserve beta-cell function, decrease glucagon and postprandial blood glucose (PBG) excursions and decrease total
insulin doses with low risk of hypoglycemia.30,32 Sitagliptin
and sitagliptin with lansoprazole in patients with newly
diagnosed T1DM showed no change in c-peptide levels, A1c
or body weight.33,34 Early studies with exenatide immediate
release in T1DM also did not show improvement in beta-cell
function as measured by c-peptide levels, but did suggest a
benefit of reduced insulin doses, weight reductions, reduced
PBG and improved insulin sensitivity with hypoglycemia
rates similar to placebo.33,35,36 Further small, retrospective
and observational studies of exenatide ER and liraglutide also
showed A1c reductions of 0.4%–0.9%, weight reductions of
3.7%–5.1% and reductions in TDID of 13%–19% in adults
with T1DM.37–39

DPP-4 inhibitors
DPP-4 inhibitors, specifically sitagliptin and vildagliptin,
have been shown to decrease glucagon and increase GLP-1
levels after a meal without affecting counter-regulatory
response during hypoglycemia.40–42 Some small studies have
shown significant A1c reductions of 0.27%–0.32% after 4
weeks with sitagliptin40,43 but longer studies have shown no
significant reductions.41,44 Changes in insulin requirements
also vary from no change40,41 to minimal reductions of 0.051–
0.13 units/kg/day with larger reductions seen in postprandial
insulin use.43,44 A meta-analysis evaluating DPP-4 inhibitors
in patients with T1DM showed no significant reductions in
A1c and small reductions of 2.41 units/day in insulin dose.45
Given the insufficient evidence for A1c reduction, decrease
in insulin dose and beta-cell preservation, the clinical utility
of DPP-4 inhibitors is limited at this time.
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Clinical evaluation
Clinical trials evaluating GLP-1 RAs are summarized in
Table 2. Three, randomized controlled trials evaluated the
use of liraglutide in adults with T1DM. The first included 30
patients, 10 patients with positive c-peptide and 20 with negative c-peptide. C-peptide-positive patients received liraglutide
1.2 mg daily plus insulin and c-peptide-negative patients were
randomized to receive insulin with or without liraglutide 1.2
mg daily for 4 weeks. At trial initiation, rapid-acting insulin
dose was reduced by 50% and long-acting insulin by 0%–20%
based on FPG. Although A1c decreased significantly in
groups receiving liraglutide (−0.26% to −0.47%), there was
no significant difference compared to insulin alone (−0.18%).
Insulin dose did decrease significantly by 0.194 units/kg/
day in c-peptide-positive patients and 0.13 units/kg/day in
c-peptide-negative patients receiving liraglutide compared
to those receiving insulin alone (+0.017 units/kg/day).46 The
dose used in this study was not the maximum dose of liraglutide and the study size and duration were limited, which
may have not shown the full benefit of liraglutide. Kuhadiya
et al randomized 72 patients with T1DM to receive liraglutide
0.6, 1.2 or 1.8 mg daily or placebo added to insulin therapy
for 12 weeks. If baseline A1c was 7%–7.5% or ≤7%, insulin
dose was reduced by 10% and 25%, respectively. Liraglu-

tide 1.2 and 1.8 mg significantly reduced mean weekly BG
(−9.9 mg/dL in both groups) compared to liraglutide 0.6 mg
(−0.18 mg/dL) and placebo (+0.72 mg/dL). A1c decreased
in all groups but only decreased significantly with liraglutide
1.2 mg when compared to placebo (−0.78% versus −0.3%).
TDID decreased with liraglutide 1.2 and 1.8 mg by 12.1 and
10 units/day, respectively, compared to placebo (−1.9 units,
p<0.001). Almost 90% of patients receiving liraglutide lost
weight with patients receiving 1.2 or 1.8 mg losing a mean 5 kg
(p<0.001).47 It is unusual that A1c reductions did not occur in
a dose-dependent manner. Another 12-week study evaluating
only liraglutide 1.2 mg daily compared to placebo included
40 adults with T1DM. Basal and bolus insulin doses were
reduced by 10% and 25%, respectively. After 12 weeks, A1c
was reduced by 0.6% with liraglutide and 0.5% with placebo
(p=0.62); however, all changes in A1c and BG were similar
between the two groups. Bolus insulin doses decreased significantly with liraglutide by 4 units/day compared to no change
in the placebo group (p=0.02); however, basal insulin doses
did not change significantly in either group. Body weight
decreased by 3.1 kg with liraglutide and increased by 1.1 kg
with placebo (p<0.0001).48 Two large, longer-term studies,
ADJUNCT ONE and TWO, aimed to determine the effects
of liraglutide 0.6, 1.2 and 1.8 mg daily compared to placebo
in adults with T1DM on glycemic control, insulin dose and

Table 2 Summary of randomized, controlled clinical trials with GLP-1 RAs in T1DM
Study

Number Study
of
duration,
patient weeks

Mean
duration of
diabetes,
years

Treatment groups

Change in
A1c (%)

Change in
insulin dose

Change in
body
weight (kg)

Kielgast et al,46
2011

39

4

3.7
17.3
23.1

C-peptide pos + liraglutide 1.2 mg daily
C-peptide neg + liraglutide 1.2 mg daily
C-peptide neg + insulin alone

−0.26
−0.47
−0.18

−0.194 units/kg
−0.13 units/kg
+0.017 units/kg

−2.3
−2.3
+0.2

Frandsen et al,48 40
2015

12

18.3
19.5

Liraglutide 1.2 mg daily
Placebo

−0.6
−0.5

NR

−3.1
+1.1

Kuhadiya et al,47 72
2016

12

30
25
21
20

Placebo
Liraglutide 0.6 mg daily
Liraglutide 1.2 mg daily
Liraglutide 1.8 mg daily

−0.3
−0.26
−0.78
−0.42

−1.9 units
−2.8 units
−12.1 units
−10.0 units

0
−3.0
−5.0
−5.0

Dejgaard et al,52
2016

100

24

20
25

Liraglutide 1.8 mg daily
Placebo

−0.5
−0.3

+4.1 units
+13.4 units

−5.9
+0.2

Mathieu et al,49
2016

1398

52

20.9
21.6
21.5
21.6

Liraglutide 0.6 mg daily
Liraglutide 1.2 mg daily
Liraglutide 1.8 mg daily
Placebo

−0.43
−0.49
−0.54
−0.34

+4%
−2%
−5%
+4%

−1.3
−2.7
−4.0
+0.9

Ahren et al,50
2016

835

26

21
21.1
21.4
20.7

Liraglutide 0.6 mg daily
Liraglutide 1.2 mg daily
Liraglutide 1.8 mg daily
Placebo

−0.24
−0.23
−0.35
+0.01

NR
NR
NR
NR

−2.5
−4.0
−5.1
−0.2

Abbreviations: A1c, hemoglobin A1c; GLP-1 RAs, glucagon-like peptide-1 receptor agonists; neg, negative; NR, not reported; pos, positive; T1DM, type 1 diabetes mellitus.
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weight.49,50 ADJUNCT ONE included 1398 patients followed
over 1 year and used a treat-to-target approach.49 ADJUNCT
TWO included 835 patients followed over 26 weeks and
implemented an insulin dose cap for study duration.50 In
both studies, insulin dose was decreased by 25% upon liraglutide initiation with additional 10% decreases with dose
titrations.49,50 ADJUNCT ONE showed significant decreases
in A1c with liraglutide 1.2 and 1.8 mg compared to placebo
(−0.49, −0.54 versus −0.34%, respectively) despite the treatto-target approach. Total insulin doses, primarily driven by
changes in postprandial insulin, decreased significantly with
liraglutide 1.2 and 1.8 by 2% and 5%, respectively, compared
to a 4% increase with placebo. However, units/kg of insulin
was similar to baseline in all groups. Liraglutide resulted in
significant weight loss of 1.3–4 kg for all doses compared to
placebo (p<0.0001).49 In ADJUNCT TWO, A1c decreased
significantly with all doses of liraglutide (−0.24%, −0.23%
and −0.35% for 0.6, 1.2 and 1.8 mg, respectively) compared to
placebo (+0.01%). Insulin doses decreased significantly with
liraglutide, again driven primarily by reductions in prandial
insulin. Weight decreased significantly by 2.5–5.1 kg with
liraglutide compared to placebo (−0.2 kg; p<0.0001).50 In
subgroup analyses, patients with positive c-peptide were associated with greater decreases in A1c. These studies showed
potential for improved glycemic control and reductions in
postprandial insulin dose and continued to show weight
reduction, suggesting that liraglutide therapy may have greater
benefit in overweight or obese patients.
Two studies evaluated liraglutide specifically in overweight or obese patients. One retrospective study analyzed
data from 27 obese patients with T1DM receiving liraglutide
titrated to 1.8 mg daily in addition to insulin. Patients at
baseline had a mean weight of 96.2 kg and BMI of 33.3 kg/
m2. Liraglutide decreased mean BG by 21 mg/dL, A1c by
0.43% and body weight by 4.6 kg while reducing TDID by
13 units and daily bolus dose by 11 units.51 Dejgaard et al
conducted a 24-week, randomized, placebo-controlled trial
in 100 adults with T1DM, a BMI over 25 kg/m2 and A1c
over 8% while on insulin therapy. Liraglutide was started at
0.6 mg daily and titrated weekly to 1.8 mg daily. Basal and
bolus insulin were reduced by 25% and 33%, respectively,
upon liraglutide initiation. Liraglutide showed significant
reductions in A1c at 12 weeks compared to placebo (−0.6
versus −0.2, p=0.007); however, this difference diminished
by 24 weeks. Body weight was significantly reduced by 6.8
kg with liraglutide compared to placebo (p=0.015). Total
insulin and bolus insulin doses decreased significantly over
the 24-week study (−11.2 and −5.8 units/day); however, when
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adjusted for weight, no significant changes were seen.52 The
results of this study show that liraglutide provides a benefit of
weight reduction and may reduce bolus insulin requirements
but may not improve glycemic control.
One study has evaluated the use of GLP-1 RAs in pediatric patients. Raman et al evaluated the use of exenatide on
PBG in eight patients aged 13–22 years. Subjects underwent
a standardized meal challenge at baseline and after administration of 1.25 and 2.5 mcg of exenatide. On days subjects
received exenatide, the bolus insulin dose was reduced by
20%. Area under the curve for postprandial glucose was
significantly reduced with the administration of exenatide
compared to baseline (p<0.007).53 While the study shows
that exenatide may be beneficial in this population, there is
no long-term data regarding A1c, insulin dose requirements
or safety.
Finally, GLP-1 RAs have been studied as adjunctive treatment to insulin delivered by a closed-loop system to evaluate
their effect on PBG excursions. One study included 10 patients
with T1DM, aged 18–30 years and with an A1c <8.5% on
CSII. Subjects underwent three crossover periods in which
they received closed-loop delivery with insulin, closed-loop
delivery with insulin and pramlintide 30 mcg, and closed-loop
delivery with insulin and exenatide 25 mcg for 1 day, with data
collected before and after lunch and dinner meals. Exenatide
showed significantly lower percentage of time when BG was
>180 mg/dL compared to insulin alone or insulin with pramlintide. Insulin doses were not significantly different between
groups.54 A second study evaluated liraglutide 1.8 mg daily
in 11 adults with T1DM with A1c ≤9.0% on CSII. Subjects
completed a closed-loop trial with insulin, followed by 3–4
weeks of liraglutide therapy and another closed-loop trial
with insulin plus liraglutide. Compared to closed-loop insulin
alone, administration of liraglutide significantly reduced average glucose excursion after all meals and decreased insulin
requirements at meals by 28%.55 Despite advances in technology, postprandial glucose excursions persist in patients with
T1DM. These studies suggest a possible role for GLP-1 RAs
as adjunct therapy in closed-loop systems with insulin but
further research is needed to further elucidate which patients
would benefit from this treatment option.

Adverse effects
Hypoglycemia
In most studies in adults, liraglutide showed no increase
in time spent in hypoglycemia when compared to insulin alone.46–48 The incidence of any hypoglycemia and
severe hypoglycemia was similar between liraglutide and
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placebo.46–49 The ADJUNCT ONE trial found significantly
higher rates of symptomatic hypoglycemia with liraglutide
1.2 and 1.8 mg compared to placebo with estimated rate ratio
(ERR) of 1.31 and 1.27, respectively.49 ADJUNCT TWO
found significantly higher rates or symptomatic hypoglycemia with 1.2 mg only (ERR 1.31).50 Neither study found
significantly higher rates of severe hypoglycemia with liraglutide.49,50 Of note, each study included 6%–7% of patients
with a history of severe hypoglycemia or hypoglycemia
unawareness. Dejgaard et al found that overweight patients
receiving liraglutide reported fewer hypoglycemia events
based on SMBG, than for placebo, but this difference was
not seen during CGM.52 Rates of hypoglycemia when liraglutide was used in combination with a closed-loop system
and insulin were similar to insulin alone.55
GI-related events
Similar to patients with T2DM, the most common AEs
with GLP-1 RAs were GI in nature and included nausea
(40%–95%), abdominal distension (26%), appetite suppression (14%–50%), dyspepsia (22%), diarrhea (15.8%–20%)
and vomiting (2%–14%). Nausea was transient and tended
to resolve after the first week of treatment initiation or dose
titration.46–52,55

SGLT2 inhibitors

Mechanism of action and clinical effects
SGLT2 inhibitors provide glucose lowering by inhibiting
SGLT2 in the proximal renal tubules, thus blocking glucose
reabsorption.1 Some investigational agents also have dual
SGLT2 and SGLT1 inhibition. The added SGLT1 inhibition
occurs in the proximal intestine to further reduce glucose
reabsorption.58 This may stimulate the release of GLP1 and
polypeptide tyrosine tyrosine, which impact appetite and
glucose control.59 In T2DM, SGLT2 inhibitors are recommended for the potential to decrease A1c, blood pressure
and weight with a low risk of hypoglycemia.1,31 Additionally,
canagliflozin and empagliflozin have proven CV mortality
benefit in certain populations.60,61 For patients with T1DM,
SGLT2 inhibitors may offer a benefit because the glucoselowering effect is independent of pancreatic function and,
in overweight and obese patients, may also contribute to
weight loss.1,31

Clinical evaluation

Exenatide and liraglutide are both approved for the treatment of T2DM with no current indication for T1DM. Both
medications are recommended to be started at a low dose and
titrated to maximum doses to reduce the risk of GI-related
AEs. Exenatide is started at 5 mcg twice daily and titrated to
10 mcg twice daily after 1 month. Liraglutide is started at 0.6
mg daily and titrated weekly by 0.6 mg to a max dose of 1.8
mg daily. Liraglutide is also approved for the management of
obesity in which the maximum dose is 3.0 mg daily. Both are
available in pen devices and administered subcutaneously.56,57

SGLT2 inhibitors have limited data as adjunct to insulin
therapy in patients with T1DM. Safety of dapagliflozin was
studied in 62 patients in a dose-ranging, randomized, doubleblind, proof-of-concept trial. Patients received dapagliflozin
1, 2.5, 5 or 10 mg, or placebo with no insulin dose reductions
at baseline. Treatment was initiated for 7 days in an inpatient
facility, followed by 7 days of outpatient treatment. Only one
serious AE was reported but determined unrelated to study
treatment. Hypoglycemia was experienced by 60%–92.3%
of patients in each group. One patient experienced major
hypoglycemia on dapagliflozin but it was attributed to
nonadherence to insulin reductions. Exploratory efficacy
endpoints showed no significant difference between placebo
and dapagliflozin in mean glucose measurements; however,
dapagliflozin 5 and 10 mg showed overall trends toward
greater reductions in FPG, daily average glucose, mean
amplitude of glucose excursion and change in TDID.62
Canagliflozin was studied in 351 patients in a Phase II,
randomized, double-blind trial. Insulin doses were reduced
20% if A1c >8% and 10% if A1c <8%. After 18 weeks, the
primary endpoint of A1c reduction of ≥0.4% and no body
weight increase was achieved by 36.9%, 41.4% and 14.5%
of patients for canagliflozin 100 and 300 mg and placebo,
respectively (p<0.001 for both comparisons). From a baseline
A1c of 7.9%, the change in A1c was −0.27% and −0.24%
for canagliflozin 100 and 300 mg compared to +0.04% in
the placebo group. Both doses of canagliflozin resulted
in weight loss and decreased TDID compared to placebo.
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Hyperglycemia with ketosis
The ADJUNCT ONE and TWO studies found that while rates
of hyperglycemia were similar, rates of hyperglycemia with
ketosis were higher with liraglutide 1.8 when compared to
placebo, with ERR of 2.22–3.96. Rates tended to be lower in
c-peptide-positive patients.49,50 In ADJUNCT ONE, all but
one adjudicated cases of diabetic ketoacidosis (DKA) were
precipitated by a concomitant factor (illness, pump malfunction) and all occurred in c-peptide-negative patients.49 In
ADJUNCT TWO, ketosis occurred most commonly in the first
8 weeks, which may be associated with insulin dose titration.50

Dosing and administration
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Similar to T2DM, AEs included volume-related AEs and
genitourinary infections. Nearly all patients experienced
hypoglycemia but 2.6%, 6.8% and 1.7% experienced severe
hypoglycemia (canagliflozin 100 and 300 mg and placebo,
respectively). Despite exclusion of patients with recent DKA,
ketone-related AEs were reported in 5.1% and 9.4% of the
canagliflozin 100 and 300 mg groups, none were reported
with placebo. DKA requiring hospitalization occurred in 12
patients but all were associated with a precipitating factor.
Notably, five patients had a BG <250 mg/dL at the time of
hospitalization.63 A follow-up study determined no identifiable differences in baseline demographics predictive of DKA
in people with T1DM taking canagliflozin.64
Empagliflozin 25 mg was studied in 40 patients in an
open-label, proof-of-concept trial. Basal and prandial insulin doses were reduced by 30% at baseline. After 8 weeks,
the baseline A1c of 8%±0.9% decreased to 7.6%±0.9%
(p<0.0001) with greater reductions in those with baseline
A1c >8%. Although carbohydrate intake increased, prandial
insulin doses remained stable while basal insulin doses were
reduced (25.7±10.6 units to 19.5±7.9 units, p<0.00001).
Weight and waist circumference also significantly decreased
(p<0.0001 for both). Symptomatic hypoglycemia decreased
from 0.12 to 0.04 episodes/patient/day from baseline to end
of treatment (p=0.0004). Two patients experienced DKA
although presenting BG values were 306 and 212 mg/dL.
There were precipitating factors but it is notable that their
total insulin doses were reduced 70% and 50% shortly after
trial initiation based on investigator instruction.65
EASE-1 evaluated empagliflozin in a randomized,
placebo-controlled, Phase II study of 75 patients. Patients
remained at an inpatient facility and insulin doses were
adjusted for safety during the first 7 days of treatment. Then,
patients were discharged and insulin could be freely adjusted.
At day 28, baseline A1c 8.24% was significantly reduced
by 0.53%, 0.54%, 0.67% and 0.18% for empagliflozin 2.5,
10 and 25 mg and placebo, respectively (p=0.01, 0.008 and
<0.001 for 2.5, 5 and 10 mg versus placebo). FPG and mean
daily glucose were numerically lower in treatment groups
versus placebo. During the fourth week of treatment, the
weekly mean total recorded insulin dose decreased by 0.08,
0.10, 0.08 and 0.01 units/kg for empagliflozin 2.5, 10 and
25 mg and placebo, respectively (p=0.044, 0.013 and <0.023
for 2.5, 5 and 10 mg versus placebo). While there were significant changes in weight, no significant differences were
observed in systolic or diastolic blood pressure. Symptomatic
hypoglycemia with plasma glucose ≥54 to ≤70 mg/dL, not
requiring assistance, was observed in 2.4, 3.1, 3.4 and 2.9
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episodes per 30 days (empagliflozin 2.5, 10 and 25 mg and
placebo, respectively). Symptomatic hypoglycemia with
plasma glucose ≤54 mg/dL, not requiring assistance, was
observed in 0.4, 0.5, 0.8 and 1 episode per 30 days (empagliflozin 2.5, 10 and 25 mg and placebo, respectively). One
episode of hypoglycemia requiring assistance occurred in the
placebo group. There were no reports of DKA.66
Sotagliflozin is a dual SGLT1 and SGLT2 inhibitor, not
currently approved in the US, which has been studied in two
trials. The first is a randomized, placebo-controlled, doubleblind study comparing sotagliflozin 400 mg versus placebo in
33 patients. Initial insulin adjustments were based on a pilot,
open-label evaluation of three patients, and were managed
over 2 days in an inpatient setting. Sotagliflozin was associated with a 32% decrease in bolus insulin dose as compared
to a 6.4% decrease with placebo (p=0.0007) at day 28. The
difference between treatment and placebo was significant
after all meals but reductions in bolus insulin dose trended
down throughout the day after taking sotagliflozin before the
first meal. Overall TDID was also reduced with sotagliflozin
as compared to placebo (15.3% versus 0.7%, respectively,
p=0.002); however, differences in basal insulin doses were
not significant. Glucose values measured by CGM showed
that sotagliflozin was associated with lower mean daily glucose values versus placebo (148.8 mg/dL versus 170.3 mg/
dL, p=0.01). Patients on treatment also remained in target
glucose ranges (70–180 mg/dL) more often (p=0.003) with a
small difference in time spent <70 mg/dL (6.7% versus 5.8%,
sotagliflozin and placebo, respectively; p=0.8). At day 29,
A1c was reduced 0.55% versus 0.06% (p=0.02). There was
no severe hypoglycemia but there were 304 hypoglycemic
events reported in the sotagliflozin group (n=16) and 354
events in the placebo group (n=16). Overall hypoglycemia
was slightly lower than baseline in both groups. Two patients
in the sotagliflozin group experienced DKA but both were
attributed to insulin infusion pumps and not drug related. Eight
patients versus three patients experienced some GI disorder
(sotagliflozin versus placebo, respectively), with mild nausea
being more likely with sotagliflozin. Sotagliflozin was also
associated with weight loss.59 The inTandem3 trial evaluated
sotagliflozin 400 mg in a Phase III, randomized, double-blind,
placebo-controlled study of 1402 patients. Bolus insulin was
decreased 30% for the first meal after the first dose of drug. At
week 24, sotagliflozin showed a statistically significant benefit
in the primary endpoint, achievement of A1c <7% with no
severe hypoglycemia or DKA (28.6% versus 15.2%, p<0.001).
The baseline A1c 8.2% was lowered 0.79% with treatment,
as compared to −0.33% with placebo (p<0.01). This was
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achieved despite decreased TDID with sotagliflozin (−6.8%
versus +2.9%, p<0.001). Overall hypoglycemia (BG ≤70 mg/
dL) was similar between groups; however, sotagliflozin was
associated with more severe hypoglycemia (3% versus 2.4%).
It was also associated with more DKA (3% versus 0.6%),
which in turn resulted in higher treatment discontinuation
rates. Due to SGLT1 inhibition, diarrhea was more common
with treatment. Sotagliflozin was also associated with greater
weight loss and lower systolic blood pressure.67

Adverse effects
Hypoglycemia
Hypoglycemia was common in all studies, including among
placebo groups. Some studies showed lower or similar rates
of severe hypoglycemia when comparing SGLT2 inhibitors to
placebo,59,66 while others showed increased risk with SGLT2
inhibitors.64,67 Two trials noted lower rates of hypoglycemia
as compared to baseline.59,65
Diabetic ketoacidosis
Although DKA was rare and usually precipitated by other factors, it was more common among patients taking an SGLT2
inhibitor. One study noted higher rates with patients using
insulin pumps, so patients should closely monitor for potential pump failures.67 Two studies noted that BG in DKA was
lower than expected,65,68 which aligns with other reports of
euglycemic DKA.68,69 Patients should be educated and carefully monitored, as case reports indicate that DKA is more
likely to occur in T1DM and overlooked because of the lack
of hyperglycemia.68–70 If risk factors including acute illness,
increased activity, decreased carbohydrate intake and reduced
insulin doses are identified, medication may be withheld.68,70

Sotagliflozin was associated as well, although it was less
common at 1.9%.67

Dosing and administration
Canagliflozin, dapagliflozin and empagliflozin are approved
for the treatment of T2DM; however, no SGLT2 inhibitors
are currently approved for use in T1DM. All three are recommended to be started at the lower dose and titrated. Currently available doses include canagliflozin 100 and 300 mg,
dapagliflozin 5 and 10 mg, and empagliflozin 10 and 25 mg.
Based on the available evidence, insulin reductions up to 30%
may be necessary but risk of DKA should be considered.62,65

Combination therapy
Studies evaluating the addition of multiple adjunctive
therapies are rare. One study evaluated the addition of
dapagliflozin to insulin and liraglutide in 26 patients with
T1DM over 12 weeks. The addition of dapagliflozin resulted
in a 0.66% reduction in A1c compared to a 0.1% reduction
with placebo (p<0.01) as well as a 1.9 kg weight loss. Rates
of hypoglycemia and insulin doses remained similar in both
groups. However, glucagon levels and urinary ketone levels
increased significantly with dapagliflozin. Two patients
experienced DKA with dapagliflozin use.71 Further studies
are needed to elucidate the efficacy and safety of combination
adjunctive therapies and which patients may benefit.

Therapeutic considerations and place in
therapy

Volume-related adverse events
SGLT2 inhibitors are associated with hypotension and other
volume-related AEs. Although most trials did not report
these, canagliflozin was reported to result in volume-related
AEs in 3.4% of patients, significantly more than placebo.63

Pramlintide, metformin, GLP-1 RAs and SGLT2 inhibitors
may play a role in the management of T1DM in select patients
not well controlled on insulin therapy. In general, the benefits
of these agents include weight loss, decreased insulin dose
and minimal risk of hypoglycemia. Adjunctive therapies
should be considered for patients not reaching A1c goals
on intensive insulin therapy, especially if insulin doses are
limited by AEs. Depending on the timing of hyperglycemia,
some agents may be more effective. Pramlintide and GLP-1
RAs may have greater reductions in PBG while metformin
may have a larger effect on FBG. Given the weight loss seen
with each medication class, overweight and obese patients
may see more benefit with adjunctive therapy than patients
with normal weight. While most adjunctive options have low
risks of hypoglycemia, it remains a concern, especially with
pramlintide and liraglutide. Insulin doses should be closely
monitored and adjusted to prevent hypoglycemia if adjunctive
therapy is initiated. Patients should be motivated to achieve
good glycemic control and closely monitor BG and should
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Genitourinary infections
Genital mycotic infections and, to a lesser degree, urinary
tract infections (UTIs) are known AEs with this class of
drugs. Henry et al reported that 5.1% of patients experienced
UTIs and 21.2% of women experienced genital mycotic
infections when taking canagliflozin 300 mg.63 Garg et al
reported that 6.4% of patients using sotagliflozin experienced
genital mycotic infections.67 However, some studies found
no difference versus placebo.59,62,66
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have a good understanding of insulin management. Pramlintide and liraglutide should be used with extreme caution in
patients with a history of severe hypoglycemia or hypoglycemia unawareness. Some populations may benefit more from
certain agents. Metformin and liraglutide have been studied
in adolescent patients, so preference should be given to these
agents in this age group. Metformin and SGLT2 inhibitors
must be dose-adjusted or discontinued based on renal function, so these agents should be monitored closely or avoided in
patients with renal impairment. There is not sufficient data to
support the use of multiple adjunct therapies in combination.
Practical considerations that may influence the choice
of adjunctive therapy include route of administration, cost
and AEs. Pramlintide and GLP-1 RAs require subcutaneous
administration, which will increase the number of daily injections and may impact compliance. Metformin and SGLT2
inhibitors provide an oral option, which may be preferred
for some patients. Metformin provides the most affordable
option as it is generically available. The other options confer
significant cost in addition to the cost of insulin therapy. GIrelated events, specifically nausea and diarrhea, are the most
common AEs for pramlintide and GLP-1 RAs, and metformin,
respectively. Nausea with pramlintide and GLP-1 RAs seems
to be dose-dependent, transient and is reduced with slow titration schedules. Diarrhea may be reduced with slow titration or
use of ER formulations of metformin. SGLT2 inhibitors may
be associated with increased risk of genitourinary infections
or AEs related to volume depletion. Caution should be used
in patients with a history of UTIs or mycotic infections or
patients taking concurrent antihypertensive agents. SGLT2
inhibitors have been associated with increased risk of DKA
and liraglutide was associated with hyperglycemia with ketosis. Caution should be used with these agents in patients at
high risk of DKA or those with acute illness.
Continued research for adjunct therapies in T1DM may
provide additional options in the future that address the
limitations of current therapies. One class in development is
glucagon receptor antagonists. In a recent proof-of-concept
trial, one of these agents showed potential for improved glycemic control and decreased insulin doses in type 1 diabetes.72
However, potential side effects of other developmental agents
in this class include weight gain, increased cholesterol, and
alpha-cell hyperplasia. Further research is needed to determine the clinical utility of this class.73

Summary
Adjunctive therapies including pramlintide, metformin,
GLP-1 RAs and SGLT2 inhibitors may help patients with
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T1DM reach glycemic goals while reducing insulin doses,
promoting weight loss and limiting hypoglycemia. Patients
not reaching A1c goals with insulin therapy and those who
could benefit from weight loss are most likely to benefit from
adjunctive therapy. Patient-specific characteristics as well as
AEs should be considered when selecting appropriate therapy.

Disclosure
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