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a b s t r a c t
Aims: FDA-approved drug labels are an important source of information for clinicians who prescribe medications
for treatment of diabetes. We reviewed drug labels to (1) understand the landscape of classes of medications approved for type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM), (2) explore the indications and
safety information and (3) examine their cardiovascular safety.
Methods: We searched four public references and reviewed all FDA-approved labels for “indication and usage,”
“adverse effects,” “warnings and precautions,” and “cardiovascular outcomes” from October 1982 to July 2016.
We also reviewed FDA drug-safety communications from January 2015 to May 2017.
Results: The labels reveal 12 classes of medications approved for T2DM with only 2 classes approved for T1DM.
There is emerging evidence about cardiovascular safety and risk reduction from diabetes medications which is
now being incorporated in drug labels.
Conclusions: All currently available diabetes medications are approved for adults with T2DM with a remarkably
limited number for adults with T1DM and children with T1DM or T2DM. The incorporation of emerging data
on cardiovascular outcomes in FDA drug labels is expected to inﬂuence the way physicians treat patients with
diabetes.
© 2017 The Authors. Elsevier Inc. All rights reserved. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Approximately 30 million American children and adults have type 1
or type 2 diabetes mellitus and the incidence keeps increasing (T1DM or
T2DM).1 Major complications of diabetes include hypertension, dyslipidemia, cardiovascular disease (CVD), stroke, blindness, kidney disease,
and amputation.2 In 2012 the estimated annual cost of diabetes in the
U.S. was $245 billion mainly due to expenses related to management
of diabetic complications.3 Therefore, achieving optimal glycemic control in patients with diabetes is critical.4,5 However, it is estimated that
only 30% of adult patients with T1DM, 17% of adolescents with T1DM,
and 50% of adults with any type of diabetes achieve optimal glycemic
control with current management. 6 Therefore, there is a need for effective and safe medications that can improve the management of diabetes
and decrease complications. The physicians refer to the drug labels as an

important source of information to prescribe medications to improve
glycemic control of diabetes.
Furthermore, in 2008, FDA published a Guidance for Industry
recommending that new drug applications (NDAs) for diabetes should
include evidence that the therapy does not increase the risk of cardiovascular events.7
Given the signiﬁcant burden of diabetes and the importance of drug
labels to guide physicians in the management of diabetes, we undertook
this study to evaluate all FDA-approved medications for the treatment
diabetes. The aims of this research were to (1) overview the different
classes of medications that are FDA approved for use in patients with
type 1 and type 2 diabetes, (2) examine the different indications for pediatric patients versus adults with diabetes, (3) review adverse events
and warnings and precautions per class of drugs, and (4) investigate
the labels for data on cardiovascular outcomes.
2. Methods

⁎ Corresponding author at: Georgetown University Hospital, Division of Pediatric Endocrinology, 4200 Wisconsin Avenue, N.W., 4th Floor, Washington, D.C. 20016, United States.
E-mail address: eg685@georgetown.edu (E. Gourgari).

We searched the FDA public database of approved diabetic
medications 8 and three other public references with information on
FDA approved medications: WebMD,9 CenterWatch10 and Medscape11
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1056-8727/© 2017 The Authors. Elsevier Inc. All rights reserved. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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to retrieve the label information for all diabetes medications from October 1982 to July 2016. Speciﬁcally, for the FDA public database we
searched the medications listed under sections “Insulins and Diabetes
Drugs Approved Between 2013–2016”, “Insulins and Diabetes Drugs
Approved Between 2000–2012” and “Insulins and Diabetes Drugs Approved Before 1999”, which have information about drugs approved
since October 1982. 8 We understand that information about diabetes
drugs might be available on different places within the FDA website
but we chose this method because in our opinion this was the most
comprehensive list of diabetes drugs available at the FDA website. In addition, to capture information that has been released by the FDA but has
not yet been included on the actual FDA label, we reviewed the FDA
website for recent “drug safety communications” 12 and “press
announcements”13 published between January 1, 2015, and May 30th,
2017, for information relevant to diabetes drugs safety and cardiovascular disease.
For each drug, we searched the label under the “indications and
usage” section to identify the class of drug as well as the indicated
population(s) (i.e., pediatric or adult patients with T1DM or T2DM).
We searched labels for the terms “cardiovascular” and “macrovascular”
to determine what information on cardiovascular outcomes is available.
Finally, we reviewed the “adverse reactions” and “warnings and precautions” sections of all labels and grouped adverse effects according to the
speciﬁc class of drug.

Interestingly, the only insulin that is approved for pediatric T1DM,
long-acting insulin glargine (under two brand names), is not approved
for pediatric T2DM. Furthermore, metformin is the only oral medication
currently approved to treat pediatric T2DM, although extended release
(XR) metformin is not approved for pediatric T2DM.
For the medications approved for pediatric patients, we further investigated the information from clinical studies that are relative to
their safety proﬁle. All insulin types that have been approved for use
in pediatric T2DM are based on safety data from clinical trials in pediatric patients with T1DM. The safety information about insulin use in pediatric T1DM does not have data for pediatric patients younger than
2 years or, in some cases, younger than 6 years. The safety data of metformin for use in pediatric patients with T2DM is based on data from pediatric patients ages 10–16 years with T2DM.
Of note, we found one medication in the CenterWatch reference that
was approved in 2016, which we included in our review in an effort to
make our list of diabetes drugs as current and comprehensive as possible, mindful that the FDA website under the “Insulins and Diabetes
Drugs Approved Between 2013–2016” only displayed information up
to December 16th 2015. We excluded two other medications approved
for adult T1DM and T2DM because they are not indicated to treated hyperglycemia due to diabetes. One of these medications is a VEGF inhibitor, approved for diabetic retinopathy, and the other is glucagon,
approved for hypoglycemia.

3. Results
3.2. Recent safety updates from FDA
3.1. Overview: medications for the treatment of diabetes in adults and
children
Overall, 74 medications (including generic), belonging to 12 different classes and in 19 different combinations, have been approved (between 1982 and 2015) to treat hyperglycemia in both type 1 and type
2 diabetes mellitus. The number of drugs per class is shown in
Table 1; active substance names are shown in Table 2.
Of these medications, all 74 are approved for treatment of hyperglycemia in adults with T2DM. Only 10 medications (belonging to 2 classes) are approved for pediatric patients with T2DM: insulin and
biguanide (metformin). We found 22 medications (belonging to only
2 classes) for adults with T1DM; of these, 20 are different types of insulin and 2 are amylin analogs. For pediatric T1DM, 10 medications (belonging to one class) are approved; all are different types of insulin.

The FDA issues drug safety communications to the public and
healthcare providers as new and relevant information becomes available. From January 2015 to May 2017, the FDA has issued a number of
warnings about four classes of diabetes drugs.
For SGLT2 inhibitors, alerts were issued about the risk of decreased
bone mineral density (September 2015) and leg or foot amputations
(May 2016 and 2017), associated with canagliﬂozin, as well as the risk
of ketoacidosis associated with all SGLT2 inhibitors (December 2015).
For DPP-4 inhibitors, alerts were issued about the risk of joint pain
associated with sitagliptin, saxagliptin, linagliptin, and alogliptin (August 2015) and the risk of heart failure with saxagliptin and alogliptin
(April 2016). The FDA also issued a complete response letter to the
sponsor in regard to the use of sitagliptin and adverse cardiovascular
outcomes (April 2017).

Table 1
FDA-approved medications to treat T1DM and T2DM in adults and children.
Medications (n)⁎

Adults w/ T1DM (n)

Adults w/ T2DM (n)

Children w/ T1DM (n)

Children w/ T2DM (n)

Alpha-glucosidase inhibitor (2)
Amylin analogs (2)
ATP-dependent K+ channel binders (1)
Biguanide and sulfonylurea combination (2)
Biguanides (5)
Bile acid sequestrant indicated (1)
Dipeptidyl peptidase-4 (DPP-4) inhibitors (5)
Dopamine receptor agonist (1)
DPP-4 inhibitor and biguanide combination (6)
Glucagon-like peptide 1 (GLP-1) receptor agonists (7)
Insulin types (20)
Meglitinide and biguanide combination (1)
SGLT2 and DPP4 combination (1)
SGLT2 inhibitor and biguanide combination (3)
Sodium-glucose co-transporter 2 (SGLT2) inhibitors (3)
Sulfonylureas (7)
Thiazolidinedione and biguanide combination (3)
Thiazolidinedione and sulfonylurea combination (2)
Thiazolinediones (2)

N
Y (2)
N
N
N
N
N
N
N
N
Y (20)
N
N
N
N
N
N
N
N

Y (2)
Y (2)
Y (1)
Y (2)
Y (5)
Y (1)
Y (5)
Y (1)
Y (6)
Y (7)
Y (20)
Y (1)
Y (1)
Y (3)
Y (3)
Y (7)
Y (3)
Y (2)
Y (2)

N
N
N
N
N
N
N
N
N
N
Y (10)
N
N
N
N
N
N
N
N

N
N
N
N
Y (2)
N
N
N
N
N
Y (8)
N
N
N
N
N
N
N
N

⁎ n = number of medications approved, N = not FDA approved, Y = yes FDA approved.
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Table 2
Drug labels reviewed.
Class of drug

Names of drugs reviewed

Alpha-glucosidase inhibitor (2)

Miglitol
Acarbose
Pramlintide acetate
Nateglinide
Glyburide and metformin hydrochloride
Glipizide/metformin HCl
Metformin hydrochloride, extended release
Metformin hydrochloride
Colesevelam hydrochloride
Alogliptin benzoate
Sitagliptin and simvastatin
Linagliptin
Saxagliptin
Sitagliptin phosphate
Bromocriptine mesylate
Sitagliptin and metformin HCl extended-release
Linagliptin plus metformin hydrochloride
Saxagliptin/metformin hydrochloride extended-release
Sitagliptin/metformin HCl
Linagliptin and metformin hydrochloride
Alogliptin and metformin hydrochloride
Dulaglutide
Abliglutide
Exenatide extended-release
Liraglutide
Exenatide
Lixisenatide
Liraglutide injection
Insulin glargine
Insulin degludec
Glargline U300
Insulin human
Insulin detemir
Insulin glulisine
Insulin aspart
70% insulin aspart protamine and 30% insulin aspart
75% insulin lispro protamine and 25% insulin lispro
Insulin lispro
50% insulin lispro protamine and 50% insulin lispro
70% NPH and 30% regular
Insulin regular
70% NPH and 30% regular
NPH (N)
Regular (R) insulin
Regular (R) insulin (5 times concentration)
Insulin degludec/insulin aspart
Repaglinide/metformin hydrochloride
Empagliﬂozin/linagliptin
Canagliﬂozin/metformin hydrochloride
Empagliﬂozin and metformin hydrochloride
Dapagliﬂozin and metformin hydrochloride, extended release
Empagliﬂozin
Dapaglifozin
Canagliﬂozin
Glipizide
Glyburide
Glimepiride
Chlorpropamide
Tolbutamide
Tolazamide
Pioglitazone hydrochloride and metformin hydrochloride
Rosiglitazone maleate and metformin HCl
Pioglitazone and metformin hydrochloride, extended release
Pioglitazone hydrochloride and glimepiride
Glimepiride/rosiglitazone
Rosiglitazone
Pioglitazone

Amylin analogs (2)
ATP-dependent K+ channel binders (1)
Biguanide and sulfonylurea combination (2)
Biguanides (5)
Bile acid sequestrant indicated (1)
Dipeptidyl peptidase-4 (DPP-4) inhibitors (5)

Dopamine receptor agonist (1)
DPP-4 inhibitor and biguanide combination (6)

Glucagon-like peptide-1 (GLP-1) receptor agonists (7)

Insulin types (20)

Meglitinide and biguanide combination (1)
SGLT2 and DPP4 combination (1)
SGLT2 inhibitor and biguanide combination (3)

Sodium-glucose co-transporter-2 (SGLT2) inhibitors (3)

Sulfonylureas (7)

Thiazolidinedione and biguanide combination (3)

Thiazolidinedione and sulfonylurea combination (2)
Thiazolinediones (2)

For metformin, the FDA updated the safety proﬁle to indicate that
the drug can be used in patients with mild impairment in kidney
function and in some patients with moderate impairment in kidney
function (April 2016). In the metformin label, under the section “Additional Information for Health Care Professionals,” metformin is

contraindicated in patients with an eGFR below 30 mL/min/
1.73 m 2 and not recommended in patients with an eGFR between
30 and 45 mL/min/1.73 m 2.
Finally, for thiazolidinediones, an alert was issued for increased risk
of bladder cancer associated with pioglitazone (December 2016).
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A table summarizing the warnings and precautions for most common adverse events listed in FDA-approved labels, grouped by class of
drug, for all diabetes medications is in Appendix A.
3.3. Cardiovascular outcomes information on diabetes drug labels
For all classes of drugs for diabetes, except insulin, drug labels include information about macrovascular outcomes. The labels include
information about increased risk of cardiovascular-related mortality,
such as those listed on the labels of sulfonylureas and the combination of sulfonylurea and biguanide. Warnings listed for
thiazolidinediones include the potential to cause or exacerbate congestive heart failure in some patients, and data on potential risk of
myocardial ischemia with rosiglitazone are inconclusive. Increased
low-density lipoprotein cholesterol (LDL-C), is reported with the
use of SGLT2 inhibitors, or when present in combination formulations. Warnings and precautions related to heart failure are included
on the labels for alogliptin and saxagliptin.
In contrast to the standard summary statement found on most labels: “There have been no clinical studies establishing conclusive evidence of macrovascular risk reduction with this or any other
antidiabetic drug,” the label for empagliﬂozin has been recently updated
to reﬂect recent cardiovascular outcomes data. Empagliﬂozin received a
new indication in December 2016 to reduce the risk of cardiovascular
death in adult patients with T2DM and established cardiovascular disease. Of note, an FDA Advisory Committee Meeting was held in June
2017 to discuss a proposed additional indication to the label of
liraglutide as adjunct to standard treatment to reduce the risk of
major adverse cardiovascular events in adults with T2DM at high risk
for cardiovascular disease. The members of the FDA Advisory Committee voted in favor of this change to the label, and ﬁnal decision by the
FDA on including this data in the label is pending.
4. Discussion
In summary, we conducted a comprehensive overview of all current FDA-approved drugs for treatment of diabetes. We found a total
of 74 medications across 12 classes, with all having approval for
adults with T2DM; a remarkably limited number have been approved for adults with T1DM or children with either T1DM or
T2DM. As per FDA 2008 guidance document, industry sponsors
have conducted large randomized clinical trials to examine the cardiovascular safety of new diabetes drugs, data of which is now
being incorporated into their labels.
4.1. Pediatric T1DM and T2DM
In our overview of the number of approved medications and indications, we noted a dearth of available approved therapies for adults
with type 2 diabetes, however insulin is the only treatment approved
for pediatric T1DM. Among the 20 available types of insulin that are
FDA approved for use in adults, only 10 labels have data on safety and
efﬁcacy in pediatric T1DM, and none have safety information from
clinical trials with pediatric T2DM. However, for years pediatric endocrinologists have used most types of available insulin formulations to treat pediatric T1DM. 14 In addition, the existing pediatric
trials in T1DM that are described on the labels do not have data on
the safety and efﬁcacy in the very young, particularly those patients
who are younger than 6 years old, and the safety and efﬁcacy information on insulin labels for pediatric T2DM are derived from clinical
trial data for pediatric T1DM.
For pediatric T2DM, metformin is the ﬁrst treatment option when
lifestyle modiﬁcations fail to control diabetes. Pediatric endocrinologists
prescribe insulin to children with T2DM when glycemic control is poor
and unresponsive to diet and exercise, or to metformin alone.15 Different types of insulin are used to control pediatric T2DM when metformin

has failed; however, as discussed, none of the insulin labels have information about the safety and efﬁcacy of these products in pediatric
T2DM.
Despite the combination treatment of insulin plus metformin most
adolescents with T2DM remain in poor glycemic control. 15 Moreover,
even when adolescents with T2DM achieve control with the combination of metformin and insulin, many fail to maintain adequate control
after several months of treatment. These outcomes indicate a more aggressive course of T2DM in adolescents compared to adults with T2DM,
and therefore an urgent need to optimize therapeutic options for pediatric T2DM.16,17 Several ongoing clinical trials in pediatric patients with
T2DM should provide useful safety information upon conclusion.16,17 As
of today, the lack of guidance from clinical trials on the safety of other
types of medications – besides insulin and metformin – in pediatric
T2DM remains an important clinical problem, given the increasing incidence of pediatric T2DM.1
4.2. Adult T1DM and T2DM
As in pediatric T1DM, there are a limited number of approved therapies for adults with T1DM. Several studies have been done exploring
adjuvant treatments for adults with T1DM — including metformin,
GLP-1, DPP-4 inhibitors, SGLT2 inhibitors and thiazolidinediones but
they are not approved for use. Overall, the studies that have examined
alternate treatments for adult T1DM were done in a small number of
subjects and for a relatively short period of time. 18–20,21,22,19 It is unknown whether other classes of diabetes drugs can be used as adjuvant
treatments to improve glycemic control in patients with T1DM. The few
small studies have shown minimal improvement. More robust research
is needed to better establish the safety proﬁle of adjuvant therapy for
glycemic control in adult T1DM.
Despite the number of approved and available therapies for T2DM,
there is little consensus on which medication to choose as a second
line treatment after metformin monotherapy to control hyperglycemia.3
Further studies are needed to determine the appropriate second
choice of therapy for patients with T2DM. The ongoing GRADE study
is expected to provide some guidance to providers in the future by
comparing the effects of medications from four different classes (sulfonylurea, DPP-4 inhibitor, GLP-1 agonist and insulin) as add-on to
metformin.3
4.3. Cardiovascular outcomes in adult patients with T1DM and T2DM
The risk of macrovascular complications from T2DM remains high,
despite available treatments. 23,24 Since the FDA-issued Guidance in
20087 more research has been undertaken to examine cardiovascular
safety of new diabetes medications. A list of the studies completed at
the time of this review is shown in Table 3. Ongoing studies are expected to report results in the coming months. 25
Sulfonylureas have been widely used for the treatment of T2DM
for more than 50 years perhaps due to their lower cost and the possibility of using them once daily. 26 Sulfonylureas have a warning for
increased cardiovascular risk. This increased risk is based on a study
done by the University Group Diabetes Program in 1970 using the
drug tolbutamide. In this study, 823 patients with T2DM were randomly
assigned to four different groups and tolbutamide was associated with
increased cardiovascular mortality. The results of this study caused
debate within the medical community. 27 The FDA includes safety
warnings for other medications in the sulfonylurea class, even though
only one drug in this class (tolbutamide) signaled a CVD risk.
In addition, the DPP-4 inhibitors saxagliptin and alogliptin have
a warning to consider the risks and beneﬁts of their use prior to initiating treatment in patients at risk for heart failure. This warning is
based on the results from the SAVOR and the EXAMINE study respectively. In the SAVOR trial 3.5% of the patients randomized to saxagliptin
(289/8280) were hospitalized for heart failure compared to 2.8% of

Table 3
Studies investigating cardiovascular safety outcomes (CVOs) in response to 2008 FDA mandate.
Patient population (n)

Duration of
study (median)

Medication used

Primary CVOs

Secondary CVOs

FDA label on cardiovascular safety.

SAVOR
(2013)34

T2DM and established or at risk forcardiovascular disease
(n = 16,492)

2.1 years

Saxagliptin or placebo

No change in the primary composite of
cardiovascular death, nonfatal myocardial
infarction, or nonfatal ischemic stroke.

Heart failure: consider the risks and
beneﬁts in patients who have known
risk factors for heart failure. There have
been no clinical studies establishing
conclusive evidence of macrovascular
risk reduction.

ELIXA
(2015)35

T2DM and established
cardiovascular disease
(n = 6068)

2.1 years

Lixisenatide or placebo

EMPA REG
(2015)31

T2DM and established
cardiovascular disease
(n = 7028)

3.1 years

Empagliﬂozin 10 mg
or 25 mg or placebo

TECOS
(2015)29

T2DM and established
cardiovascular disease
(n = 14,671)

3 years

Sitagliptin or placebo

No change in the primary composite of the
ﬁrst occurrence of any of the following:
death from cardiovascular causes, nonfatal
myocardial infarction, nonfatal stroke, or
hospitalization for unstable angina.
Lower rate of the primary composite
outcome deﬁned as death from cardiovascular
causes, nonfatal myocardial infarction,
or nonfatal stroke.
No change in primary composite outcome
deﬁned as the ﬁrst event of cardiovascular
death, nonfatal myocardial infarction,
nonfatal stroke, or hospitalization for
unstable angina.

No change in the primary composite end
point plus hospitalization for heart failure,
coronary revascularization, or unstable angina.
When analysed separately, more patients in
the saxagliptin group than in the placebo
group were hospitalized for heart failure
(3.5% vs. 2.8%, according to 2-year
Kaplan–Meier estimates; hazard ratio,
1.27; 95% CI, 1.07 to 1.51; P = 0.007).
No change in a composite of the primary
end point or hospitalization for heart failure
and a composite of the primary end point,
hospitalization for heart failure, or coronary
revascularization procedures.
No change in a composite of the primary
outcome plus hospitalization for
unstable angina.

EXAMINE
(2016)28,36

T2DM and established
cardiovascular disease
(n = 5380)

1.5 years

Alogliptin or placebo

No change in the primary composite of
death from cardiovascular causes,
nonfatal myocardial infarction,
or nonfatal stroke.

LEADER
(2016)32

T2DM and established-or
at risk for-cardiovascular
disease (n = 9340)

3.8 years

Liraglutide or
placebo

Decreased rate on the primary composite
outcome of the ﬁrst occurrence of
death from cardiovascular causes,
nonfatal myocardial infarction,
or nonfatal stroke.

No change in the secondary composite
cardiovascular outcome deﬁned as the ﬁrst
event of cardiovascular death, nonfatal
myocardial infarction, or nonfatal stroke.
No change in the occurrence of the individual
components of the primary composite
cardiovascular outcome, fatal and nonfatal
myocardial infarction, fatal and nonfatal
stroke, death from any cause, and
hospitalization for heart failure.
No change in the primary composite
end point with the addition of urgent
revascularization due to unstable angina
within 24 h after hospital admission.36
Alogliptin had no effect on composite events
of cardiovascular death and hospital admission
for heart failure in the post hoc analysis
(HR 1.00, 95% CI 0.82–1.21).28
Decreased risk of the expanded composite
cardiovascular outcome (death from
cardiovascular causes, nonfatal myocardial
infarction, nonfatal stroke, coronary
revascularization, or hospitalization for
unstable angina pectoris or heart failure).

Clinical studies have not shown
macrovascular risk reduction.

Indicated to reduce the risk of
cardiovascular death in adult patients
with type 2 diabetes mellitus and
established cardiovascular disease.
There have been no clinical studies
establishing conclusive evidence of
macrovascular risk reduction.

Consider the risks and beneﬁts prior to
initiating treatment in patients at risk
for heart failure. If heart failure develops,
evaluate and manage according to
current standards of care and consider
discontinuation.
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Name of the study
(by year published)

There have been no studies
establishing conclusive evidence
of macrovascular risk reduction.
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patients randomized to placebo (228/8212). In a time to-ﬁrst-event
analysis the risk of hospitalization for heart failure was higher in
the saxagliptin group compared to placebo (HR 1.27, 95% CI 1.07–
1.51). The increased risk for heart failure was observed mainly among
patients with elevated levels of natriuretic peptides, prior heart failure,
or chronic kidney disease. In the EXAMINE trial, 5380 patients were
assigned to alogliptin or placebo and followed for a median of
1.5 years. The warning for heart failure on the FDA label for alogliptin
is based on the EXAMINE study where among the patients taking
alogliptin 106 (3.9%) were hospitalized for congestive heart failure
versus 89 subjects (3.3%) of patients treated with placebo. The authors
of the EXAMINE trial published a follow up analysis of hospital admissions for heart failure which were seen in 3.1% (85/2701) of patients
taking alogliptin compared with 2.9% (79/2679) of patients taking placebo (HR 1.07, 95% CI 0.79–1.46) and found that alogliptin had no statistically signiﬁcant effect on composite events of cardiovascular death
and hospital admissions for heart failure in the post hoc analysis (HR
1.00, 95% CI 0.82–1.21). 28 The TECOS study showed no adverse CVOs
with the use of sitagliptin. In TECOS study 14,671 patients with T2DM
and established CVD were assigned to sitagliptin or placebo in addition
to standard of care therapy and were followed for a median time of
3 years.29 With the addition of sitagliptin to usual care29 there was no
increased risk detected for heart failure.30
With SGLT2 inhibitors, the EMPA-REG study, a large randomized
controlled trial (RCT), showed decreased mortality rates from cardiovascular causes in patients with T2DM who were treated with
empagliﬂozin.31 Based on the results of this trial, FDA added the new indication to empagliﬂozin to reduce the risk of cardiovascular death in
adult patients with T2DM and established cardiovascular disease.
Large studies have also examined cardiovascular safety of GLP1
agonists. In the ELIXA study, patients with T2DM and established
CVD received lixisenatide (GLP1 agonist) or placebo in addition to
the standard of care. The addition of lixisenatide did not signiﬁcantly
alter the rate of major cardiovascular events. 29 In the LEADER trial,
patients with T2DM and established CVD received liraglutide (GLP1
agonist) or placebo in addition to the standard of care. The addition
of liraglutide showed a signiﬁcantly reduced mortality from a cardiovascular event compared to placebo. 32 As mentioned earlier, an FDA
advisory committee met in June 2017 and recommended that
liraglutide gets a new indication as “an adjunct to standard treatment of cardiovascular risk factors to reduce the risk of major adverse cardiovascular events in adults with T2DM and high
cardiovascular risk.” Final decision by the FDA on updating the
label in light of these new data is pending.
Finally, it is worth mentioning that older studies such as the United
Kingdom Prospective Diabetes Study (UKPDS), a large RCT with 5102
patients, showed decreased risk for myocardial infarction and death in
patients with T2DM who were treated with intensive insulin therapy
and metformin during 10 years follow up. 33
4.4. Drug label information on the FDA public database
Based on our review of the cardiovascular outcomes of the diabetes drugs we found that some drugs have the potential to reduce cardiovascular risk in patients with T2DM. In addition, because these
medications can have other safety risks not related to cardiovascular
outcomes, FDA continues to issue drug safety communication alerts
to provide clinicians with new data. We anticipate that more drug labels will be updated in the coming months and years as new information becomes available from ongoing and recently completed
large clinical trials.
Another ﬁnding from our study is the absence of 27 diabetes medications from the speciﬁc section of “Insulins and Diabetes Drugs Approved” per year, on the FDA website. These include Actoplus Met XR,
Fortamet, Glucophage, Glucophage XR, Glucovance, Glumetza, Kazano,
Riomet, Synjardy, Xigduo and others. Information about the diabetes

drugs listed above is found scattered in other places within the FDA
website but it might be hard for patients and physician to retrieve that
information if it is not organized in a proper way. With the increasing
number of diabetes drugs approved every year, efforts should be
made to keep the agency's website as current and user friendly as
possible.
5. Conclusions
Based on our review of diabetes medications, we found that all are
approved for adults with T2DM, while a limited number are approved
for adults with T1DM and children with T1DM or T2DM. It remains to
be examined whether these medications are safe and effective as adjuvant treatments for adults with T1DM and pediatric patients with T1DM
or T2DM. Furthermore, after the 2008 FDA guidance to industry to include cardiovascular safety data on their clinical trials, new data have
emerged not only about safety but also about cardiovascular risk reduction with certain diabetes drugs. The FDA initiative has generated important knowledge on cardiovascular safety and outcomes in high risk
patients with T2DM that could inﬂuence physicians' treatment approach to patients with diabetes.
A post-marketing update of labels that includes information from
large randomized controlled trials could provide treating physicians
and patients with additional useful risk management information. Finally, an updated FDA online database of approved diabetes medications per year would be helpful for both patients and prescribers,
ultimately leading to safer medical practice and patient care.
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Appendix A
Table 4
Warnings, precautions and adverse events per class of diabetes drug.
Warnings and precautions

Common adverse events

Alpha glucosidase inhibitors
Hypoglycemia, loss of control of blood glucose,
hepatic and renal impairment.

Abdominal pain, diarrhea, ﬂatulence, skin rash, elevated
serum transaminase levels and mild decrease in hematocrit.

Amylin analogs
Severe hypoglycemia
Slow gastric emptying
Should be administered in separate injections with insulin
because mixing can alter the pharmacokinetics of both products.
ATP-dependent K channel blockers
Hypoglycemia, loss of control of blood glucose, hepatic impairment

Biguanides
Vitamin B12 deﬁciency
Lactic acidosis
Temporarily discontinued in patients undergoing radiologic
studies with intravascular administration of iodinated
contrast materials or any surgical procedures necessitating
restricted intake of food and ﬂuids.
Impaired hepatic and renal function
Loss of blood glucose control
Warning against excessive alcohol intake
(alcohol potentiates the effect of metformin on lactate metabolism)
Bile acid sequestrant
Hypertriglyceridemia which may lead to pancreatitis; it can decrease
the absorption of fat-soluble vitamins and lead to deﬁciencies of
vitamin A, D, E and K; it may reduce gastrointestinal absorption
of some drugs and also cause constipation.
Dopamine receptor agonist
Hypotension, syncope, psychosis and somnolence and therefore
it is advised that patients avoid situations that could lead to
injury if syncope was to occur and avoid operating heavy
machinery if somnolence was to occur. Because of the interaction
with other dopamine antagonists and agonists concomitant
use is not recommended.
Glucagon-like peptide (GLP-1) receptor agonists
Pancreatitis, hypoglycemia, renal impairment/kidney failure,
severe gastrointestinal disease and hypersensitivity reactions.
An important warning is the potential to cause thyroid C-cell
Tumors (not described in exenatide and lixisenatide) based on
evidence from animal models — therefore, most GLP-1 agonists
are contraindicated in patients with a personal or family history
of medullary thyroid cancer or in patients with Multiple
Endocrine Neoplasia syndrome type 2 (MEN 2).
Liraglutide has an additional warning for causing an increase
in the heart rate, acute gallbladder disease and suicidal
behavior and ideation.

Nausea, vomiting, anorexia and headache

Upper respiratory infections, back pain, ﬂu symptoms, dizziness,
arthropathy, diarrhea, accidental trauma, bronchitis,
coughing and hypoglycemia.

Hypoglycemia
Diarrhea, nausea, indigestion, constipation,
taste disturbance, abdominal pain, ﬂatulence
Asthenia
Dizziness
Headache

Constipation, dyspepsia and nausea.

Nausea, fatigue, dizziness, vomiting, and headache;
postmarketing reports with higher doses of bromocriptine
used for other indications include psychotic disorders,
hallucinations, and ﬁbrotic complications.

Nausea, hypoglycemia, diarrhea, constipation, vomiting,
headache, decreased appetite, dyspepsia, fatigue, dizziness,
abdominal pain, urticaria, injection site reactions, cough,
back pain and arthralgia, sinusitis and inﬂuenza, occasional
bleeding due to increased international normalized ratio (INR)
with concomitant use of warfarin.

(continued on next page)
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Table 4 (continued)
Warnings and precautions
Insulin medications
Hypoglycemia
Hypersensitivity reactions
Hypokalemia
Fluid retention and heart failure with concomitant use of
thiazolidinediones
Hyperglycemia due to dosing errors
Acute bronchospasm (inhaled insulin)
Decline in pulmonary function (inhaled insulin) inhaled insulin
is contraindicated in patients with chronic lung disease
such as asthma or COPD.
Diabetic ketoacidosis
Renal or hepatic impairment
Lipodystrophy
Lung cancer (inhaled insulin)
Swelling of hands and feet
Vision changes
SGLT2 inhibitors
Impaired renal function, increased genital mycotic infections,
hypoglycemia, hypotension, increased LDL-C, increased urosepsis
and pyelonephritis (except dapagliﬂozin), ketoacidosis,
hypersensitivity reactions. Bladder cancer (dapagliﬂozin),
increased risk for bone fracture (canagliﬂozin) and hyperkalemia (canagliﬂozin).
Increased risk of leg and food amputation (canagluﬂozin)
Sulfonylureas
Increased risk of cardiovascular mortality
Loss of blood glucose control
Hemolytic anemia
Hypersensitivity reactions
Hypoglycemia
Renal and hepatic disease

Thiazolinediones
Possibly exacerbating or causing heart failure in some patients.
Therefore, its use is not recommended in patients with
symptomatic heart failure and it is contraindicated in patients
with established New York Heart Association (NYHA)
Class III or IV heart failure.
Increased risk of myocardial ischemic events in short-term trials.
Higher risk for hypoglycemia, fractures (in female patients),
macular edema, ﬂuid retention, dose-related edema,
weight gain, and anemia. Combination therapy with insulin
and use in congestive heart failure may increase the risk of
cardiovascular effects of thiazolinediones.
Fatal hepatic failure
Bladder cancer — pioglitazone is contraindicated in patients
with active bladder cancer, should be used with caution in
patients with prior history of bladder cancer and pioglitazone
should not be given in patients that develop liver injury
that can be explained otherwise.
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