
Implementing quality improvement programs can be a challenging process. In 
this symposium session, Robert Gabbay, MD, PhD, chief medical officer and 
senior vice president at the Joslin Diabetes Center, discusses how to implement 

quality improvement programs in a real-world setting.
The first step in setting up a quality-of-care improvement initiative is measuring qual-

ity. Without measuring quality over time, it is impossible to determine whether or not 
quality is improving. A multitude of quality measures are available to healthcare profes-
sionals to assess overall quality of care, including the Physician Quality Reporting Sys-
tem. Other measures specific to diabetes and metabolic disorders include the percentage 
of patients with a glycated hemoglobin (A1C) less than 7%, the percentage of patients 
with a blood pressure level less than 140/90 mm Hg, and the percentage of patients with 
low-density lipoprotein cholesterol (LDL-C) levels below 100 mg/dL.1,2 

Collecting the data and deciding on measures to track are just the first part of developing 
a quality improvement program, followed by the equally daunting task of disseminating 
that information to staff. In many organizations, posting the data to an internal, secured 
website is the preferred method of data distribution. Changes in quality of care over time 
for each physician in a practice may then be assessed and discussed at regular meetings, and 

T he effects of the affordable care act (ACA) on diabetes care, and healthcare in gen-
eral, is a controversial subject and the topic of many heated debates. At this session, 
Darius Lakdawalla, PhD, Sandra Decker, PhD, and Shereen Arent discussed the 

relative merits and insufficiencies of the ACA and some challenges to its implementation.
Arent, who serves as the American Diabetes Association’s (ADA’s) executive vice pres-

ident of government affairs and advocacy, has led efforts to implement healthcare reform 
since 2009. 

According to Arent, more than 29 million people in the United States currently have 
diabetes, and another 86 million people have prediabetes. In other more economically 
developed countries, healthcare coverage ensures the provision of healthcare for patients 
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At The American Journal of Managed Care, we strive to work with stakeholders whose collective voice will 
reform the way healthcare is delivered. One of first places we will see change is in diabetes care, as this is a top 
target of federal officials who distribute Medicare dollars. To promote discussion and solutions, we covered 
the 74th Scientific Sessions of the American Diabetes Association (ADA), held in San Francisco.
 
Our coverage of the meeting, a result of AJMC ’s strategic partnership with the ADA, recognized themes 
that we have heard throughout 2014. It might be necessary to address social and economic conditions, or 
long-standing behavioral health challenges, that prevent progress. The future of medicine will involve the 
implementation of quality improvement programs and more efficient use of resources.
 
We also need to rethink our approach to therapy. Presenters noted differences in subpopulations affected 
by diabetes. Enhanced understanding of these differences may help clinicians better manage the disease; 
for example, by identifying patients at greater risk for hypoglycemia. Speakers discussed new ways to use 
the many options in diabetes care in combination with one another and with insulin. In several sessions on 
SGLT2 inhibitors, experts outlined how the unique mechanism of this class can help clinicians both treat 
diabetes and address the need for weight loss.
 
We are excited to bring you our coverage of the recent ADA meeting and of our partnership with the leading 
organization in diabetes care. We hope you enjoy this special issue, and, as always, we thank you for reading.
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comparisons of quality of care with that of 
other physicians may be made.

However, the proper presentation of 
the data is important. For instance, a phy-
sician may log in to a Web portal and com-
pare his or her performance with that of 
other physicians, for example, in terms of 
the percentage of patients under his or her 
care whose A1C levels are less than 7%. At 
first, the data may be presented in a blind-
ed fashion that does not reveal the scores of 
individual colleagues. This initial blinding 
of data helps ease the transition to mea-
suring care quality. Ultimately, when data 
are unblinded, top providers should be 
encouraged to share patient care strategies. 

The transition is not often easy. In Gab-
bay’s words, “When you present data to 
providers around quality, they go through 
the 7 stages of grief.” First, providers are 
angry—numerous studies have shown that 
providers tend to overestimate the qual-
ity of care they 
provide. “I think 
that’s human na-
ture,” remarked 
Gabbay. Next, 
the providers may 
go through the 
bargaining stage, 
making statements 
such as, “My pa-
tients are sicker, 
that’s why they’re not at goal,” or “The goals 
are not correct, A1C less than 7 is not ap-
propriate for all patients.”

Although there is debate about the 
relative value of different target levels, a 
well-known curvilinear relationship be-
tween A1C levels and cardiovascular risk3 
suggests that patients with high A1C val-
ues (for instance, patients with A1C lev-
els greater than 9%) may be a good ini-
tial population to focus on with regard to 
quality improvement. According to Gab-
bay, “Most providers can agree that these 
patients are a target group.”

Ultimately, providers will accept quali-
ty improvement initiatives when the bene-
fits for patients become evident over time. 

The debate over appropriate target levels 
may be less important than implement-
ing some form of quality improvement 
measure, even if the data are imperfect. 
According to Gabbay, “The goal is not al-
ways to have the most accurate data. You 
need good enough data to aid in improv-
ing care.”

After measuring quality, sharing qual-
ity-of-care data, and promoting the ex-
change of ideas for improving the quality 
of care, the next step is incentivizing better 
care quality. Although paying physicians 
for improved performance may seem like 
an effective strategy, it is often less effective 
in the absence of other tools. Performance 
measures that are easy to implement in-
clude process measures, such as ensuring 
that physicians check LDL-C levels. Al-
though pay-for-performance methods 
tend to succeed in delivering appropriate 
tests to the right patients, clinical out-

comes are hard-
er to change.

What is 
needed is more 
than paying 
p h y s i c i a n s 
bonuses for 
performance—
there is also a 
need for active-
ly innovating 

methods of improving care quality. The 
process of innovation begins with an idea. 
Ideas can come from anyone in the prac-
tice, and, as one physician in the audience 
noted, patients can be brought into the 
discussion as well.

A productive way to implement change 
is to make a very small change and test 
that change on a small scale. For instance, 
1 sign promoting foot exam awareness 
could be placed in 1 examination room, 
and patients could be seen in that room 
during the day. If patients fail to notice 
the sign, another method of promoting 
foot exam awareness could be tried. This 
method of gradual change, also known 
as the Plan-Do-Study-Act (PDSA) cycle 
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(Figure),4 can help physicians identify and 
implement innovations that are likely to 
improve outcomes.

The concept of PDSA cycles carries 
through to every step of implementation, 
from deciding on the appropriate interven-
tions to deciding which staff members are 
best suited to calling patients and starting 
discussions about improving outcomes. 
“Keep doing these small tests until you get 
it right,” encouraged Gabbay. Once new 
interventions have been tested and proved 
effective, those interventions can be more 
widely implemented.

However, innovation requires an inno-
vation-friendly environment. One barrier 
to innovation is the traditional reimburse-
ment paradigm. According to Gabbay, 
telemedicine does not fit well into the traditional fee-for-service  
model of reimbursement. A lump sum payment system would 
allow physician practices to use innovative approaches of care de-
livery, such as telemedicine, and drive quality through innovation. 

Conceiving and implementing a quality improvement pro-
gram is a challenging process, but if done correctly, the rewards 
for patients and providers can be great. Measuring data, shar-
ing data, and driving improvement through small, incremental 
changes can help move organizations in a positive direction to-
ward better care and better outcomes for patients with diabetes 
and other chronic conditions. Gabbay concluded, “Innovation is 
all about implementing changes, identifying outliers, doing out-
reach, and measuring to improve quality.”

References
1. Physician Quality Reporting System (PQRS) overview. CMS 
website. http://www.cms.gov/Medicare/Quality-Initiatives-Patient- 
Assessment-Instruments/PQRS/Downloads/PQRS_Overview-
FactSheet_2013_08_06.pdf. Accessed July 29, 2014. 
2. Physician Quality Reporting System (PQRS): what’s new for 
2014. CMS website. http://www.cms.gov/Medicare/Quality- 
Initiatives-Patient-Assessment-Instruments/PQRS/Downloads/ 
2014PQRS_WhatsNew_F01-09-2014.pdf. Accessed July 29, 2014.
3. Wang H, Shara NM, Lee ET, et al. Hemoglobin A1c, fasting glu-
cose, and cardiovascular risk in a population with high prevalence 
of diabetes: the strong heart study. Diabetes Care. 2011;34(9): 
1952-1958.
4. Dückers ML, Wagner C, Vos L, Groenewegen PP. Understand-
ing organisational development, sustainability, and diffusion of 
innovations within hospitals participating in a multilevel quality 
collaborative. Implement Sci. 2011;6:18. ●

Data From ACCORD and ORIGIN Inform Appropriate Use of 
Intensive Therapy in Patients With Type 2 Diabetes Mellitus

L ars Rydén, MD, PhD, Professor Emeritus of Cardiology at 
the Karolinska Institute in Stockholm, Sweden, discussed 
the relationship between hypoglycemia and treatment 

outcomes in patients with type 2 diabetes mellitus (T2DM).1

Hypoglycemia is not a single entity. Mild to moderate hypo-
glycemia is generally recognized by the patient and easily reversed, 
whereas with severe hypoglycemia, the patient is unable to recog-
nize the event and emergency assistance may be required (with 
an injection of glucagon, or a dose of intravenous glucose, for 
example). 

Highlighting the relative importance of severe hypoglycemia, 
Rydén cited a seminal clinical trial that evaluated the level of con-
cern associated with different levels of hypoglycemia,2 and clar-

ified the relative importance of severe hypoglycemia to patients 
with diabetes. Whereas mild hypoglycemia was not a high-level 
concern, patients were very concerned regarding severe hypogly-
cemia. Patients were as concerned about severe hypoglycemia as 
they were about the feared end-stage outcomes of diabetes, in-
cluding blindness and renal complications. 

One reason for the high level of concern associated with se-
vere hypoglycemia is explained by the results of a trial conducted 
by Fisher et al that was published in 1987. In this trial, severe 
hypoglycemia was associated with an increased level of adrenergic 
hormones such as adrenaline and noradrenaline.3 Rydén stated, 
“When glucose goes down, blood pressure and heart rate go up.”

Quality Improvement (Continued from page 3) 

Figure. Plan-Do-Study-Act Cycle4  

Adapted from Dückers ML, Wagner C, Vos L, Groenewegen PP. Implement Sci. 
2011;6:18.
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with diabetes. However, in the United States, until recently, the 
government has only guaranteed healthcare for patients 65 years 
and older, leaving the rest of the population without govern-
ment-sponsored insurance. According to Arent, 80% of people 
with diabetes have, at some point, been without health insurance.

Denial of coverage has also been a major barrier to diabetes 
care in the United States. Arent stated, “You could lose your in-
surance when you need it most.”

To help address these concerns, the ADA has worked in 46 
states and the District of Columbia to lobby for patient protec-
tion. Their lobbying efforts have been successful, and today a di-
agnosis of diabetes is no longer a lawful reason to deny healthcare 
coverage, as the provision of diabetes care has been classified as an 
essential health benefit. Due to this classification, people with di-
abetes are eligible to receive coverage for screening, prescriptions, 
and durable medical equipment free of charge.

Essential health benefits also include access to preventive care 
services and other important services, such as maternity care, 
mental health/substance abuse care, and rehabilitation services. 

Although much progress has been made, there remain many 
barriers to achieving optimal outcomes for patients with diabetes.

Surprisingly, one potential barrier to access to care comes in 
the form of workplace wellness programs. Employees who choose 
not to participate in workplace wellness programs may be required 
to pay higher premiums for healthcare insurance; this practice is 
not forbidden by the ACA. Some workplace wellness programs 
are penalizing patients with diabetes for not achieving glycated 
hemoglobin (A1C) goals, which may potentially increase the cost 
of healthcare coverage. Wellness programs are beginning to use 
A1C levels as a way to discriminate against people with diabetes.

In addition, preventive services with a US Preventive Services 
Task Force (USPSTF) evidence ranking of A or B are generally 
covered at no cost. Coverage for diabetes-related testing is limi-
ted; for example, the USPSTF only covers screening for diabetes 
in patients with sustained high blood pressure. In addition, the 
USPSTF limits coverage for screening for gestational diabetes for 
pregnant women; screening is only covered for pregnant women 
who are at high risk for diabetes.

Originally, the ACA had extended Medicaid coverage to all 
families with a household income at or below 138% of the federal 
poverty level. The Supreme Court struck down that provision of 
the law, but 28 states and the District of Columbia have revived 
the provision. In some cases, individual states have extended Med-
icaid coverage to families with a total income of up to 400% of 
the federal poverty level, saving each family an average of $4500 
per year. 

While many progressive changes have been introduced via the 
ACA, there have also been challenges related to the provision of 
healthcare under the ACA. Also, the spirit of the ACA may be 
eroded through lobbying and loopholes.

The Effect of the ACA on Indigent Patients  
With Diabetes

Sandra Decker, PhD, an economist and a distinguished con-
sultant for the CDC, described the current state of diabetes care 
and how that care is likely to change in the future. 

The ACA has expanded insurance programs for the general 
population, expanded Medicaid coverage for impoverished fami-
lies, and offered tax credits to many individuals and families. 

To analyze the likely effect of the ACA, Decker used data from 
the National Health Interview Survey, an in-person survey that has 
been conducted every year since 1957. The survey includes people 
aged 19 to 64 years not covered by Medicare. Of patients in the 
survey who reported ever receiving a diagnosis of diabetes, 79.5% 
had private insurance, 4% were covered by Medicaid, and 16.5% 
were uninsured. Of the uninsured adults, 30.7% had an income 
level below the federal poverty level, an additional 13.8% had an 
income level below 138% of the federal poverty level, and another 
46.8% had an income level below 400% of the federal poverty 
level. The remaining 8.7% had an income more than 400% of the 
federal poverty level (Figure). These statistics indicate that the vast 
majority of uninsured patients with diabetes would benefit from 
the national expansion of Medicaid that was struck down by the 
Supreme Court.1,2 

The Affordable Care Act and Diabetes (Continued from page 1) 
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Assuming all eligible patients signed up for coverage, the 
16.5% of the population with diabetes who are uninsured would 
go down to 1.4% if all states expanded Medicaid eligibility to 
138% of the federal poverty level. Although it is not likely that all 
eligible patients would sign up for coverage, this example shows 
the harmful effect that the Supreme Court’s decision has had on 
patients with diabetes.1,2

Another estimate was based on data from the National Health 
and Nutrition Examination Survey, which is a smaller but more 
comprehensive survey that includes US citizens aged 19 to 64 
years who do not have Medicare insurance. According to this sur-
vey, 26.2% of patients with diabetes have no usual source of care 
versus 4.2% of patients with private insurance.

Among the uninsured, more than one-third (34.4%) of di-
abetes cases remain undiagnosed. This proportion of patients 
with undiagnosed cases of diabetes falls to less than one-fourth 
(23.7%) among patients with private insurance, and less than 
one-fifth (19.4%) among patients with Medicaid.

Another challenge with the ACA is delayed reimbursement or 
low reimbursement for healthcare providers. Findings from surveys 
of office-based physicians (MDs and DOs) show that the likelihood 
of taking on new patients goes down as reimbursement falls. 

For instance, 54% of endocrinologists will take on new pa-
tients covered by Medicaid, whereas 80.2% of the same endo-
crinologists will accept new patients who have private insurance. 
This refusal to accept new patients correlates with patient reports 
of difficulty accessing care, according to Decker.3

With the ACA Comes Shifting Cost Containment 
Structures

Darius Lakdawalla, PhD, Quintiles Chair in pharmaceuti-
cal development and regulatory innovation at the University of 
Southern California, discussed the effect of the ACA on health-
care costs, and the implications for quality of care and sustainabil-
ity of the current practice model. 

It is estimated that over one-third (36%) of the population over 
the age of 50 years will have diabetes in 2049. Medicare spending will 
increase from $300 billion in 2004 to an estimated $700 billion in 
2049 (adjusting for inflation). “In 2004, about a third of Medicare 
dollars went to diabetes, and by 2049, about half of Medicare dollars 
will go to diabetes,” stated Lakdawalla. On average, current Medi-
care spending per person with diabetes is $14,299. Those costs will 
increase as enrollment expands under the ACA, and this expansion 
in coverage, according to Lakdawalla, “will be a huge financial issue.”

There is a major mismatch between the approximately 1.1 
million newly eligible adult patients with diabetes and the 7000 
endocrinologists in the United States. “Each endocrinologist will 
[need to] take on 150 more patients. This does not seem feasi-
ble.” According to Lakdawalla, “Primary care physicians and other 
types of providers will have to play larger roles.”

Given these data, the question of improving efficiency without 
lowering the quality of care is a timely one. The ACA’s current 
approach to cost containment involves direct reductions in phy-
sician reimbursements. Smarter approaches to cost containment, 
according to Lakdawalla, include the use of bundled payments 
and implementation of innovative payment models.

In 1997, Congress passed the sustainable growth rate spending 
law. This law states that the growth in spending on healthcare 
through government-issued programs cannot exceed the annual 
growth in the growth domestic product. Each year since 1997, 
Congress has passed temporary provisions to delay enforcement 
of the 1997 legislation, and until now, “Congress has never cut 
physician payments.” However, that is beginning to change. 
E-prescribing mandates, reductions in payments from CMS, pen-
alties for readmissions, and budget reductions for hospitals that 
provide care to disadvantaged groups are beginning to reduce the 
magnitude of payments to physicians.

According to Lakdawalla, providers will be “nickel and dimed” 
and fewer doctors will participate in Medicaid. For every 10% 
decrease in Medicaid reimbursement rates, there is a concurrent 
0.6% decrease in physician participation and a 1.2% decrease in 
the percentage of physicians accepting new patients. This may lead 
to the exit of high-quality physicians from Medicaid participation.4

Solutions to the current cost containment environment include 
bundled payment structures that incentivize physicians to allocate 
care more efficiently. According to Lakdawalla, nobody wants to be 
in the position of denying care for economic reasons. Policy mak-
ers do not want to ration care on a granular level, so policy makers 
will expand bundled payment systems, leaving providers with the 
task of lowering costs. Ultimately, single providers are not capable 
of managing the financial risks involved, and provider groups will 
have to become bigger, more sophisticated, and more capable of 
making sophisticated economic decisions regarding care.

According to Lakdawalla, the future of medicine under the 
ACA will involve more efficient use of resources through bundled 
payments that will encourage the growth of large provider groups. 
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Data From ACCORD and ORIGIN  (Continued from page 4) 

When combined with the long-term adverse effects of diabe-
tes on the cardiovascular system, the acute effect of hypoglycemia 
on heart rate and blood pressure may induce arrhythmias and 
cardiac events. Thus, hypoglycemia may trigger arrhythmias, and 
in some cases, sudden death due to ventricular fibrillation. Chest 
pain and electrocardiographic abnormalities have been identified 
in patients with hypoglycemia, supporting this theory.4 

In addition to potentially causing 
heart rhythm abnormalities, hypo-
glycemia has been associated with a 
greater risk of mortality. Kosiborod 
et al evaluated the records of 16,871 
patients hospitalized for acute myo-
cardial infarction between 2000 and 
2005, and noted that both hyperglyce-
mia and hypoglycemia were associated 
with a greater risk of mortality.5

Similarly, in 2009, Mellbin et al re-
ported that hypoglycemia was associated with increased mortality 
during hospitalization. Hypoglycemia was not the direct cause of 
mortality; rather, Mellbin et al noted that hypoglycemia may in-
dicate increased cardiac vulnerability.6

Further supporting the idea that factors associated with hy-
poglycemia—and not hypoglycemia itself—directly impact 
mortality, the results of a 2009 study by Kosiborod et al showed 
that hypoglycemia increases the rate of mortality among patients 
hospitalized after experiencing a myocardial infarction, but only 
among patients who received noninsulin therapies. No increase 
in mortality was observed in patients who experienced hypoglyce-
mia and were treated with insulin.7

Building on these results, Riddle et al reanalyzed data from the 
12,537-participant Outcome Reduction With Initial Glargine 
Intervention (ORIGIN) trial to determine whether or not hypo-
glycemia increased the risk of cardiovascular events.8

In the reanalysis of data from ORIGIN, Riddle et al identi-
fied clinically important predictors of both nonsevere and severe 
hypoglycemia during glucose-lowering treatment (Table).9 As in 
past trials, investigators identified a paradoxical effect with insulin 
therapy. Although insulin glargine use was associated with severe 
hypoglycemia, insulin-induced hypoglycemia was less likely to be 
associated with cardiovascular events than hypoglycemia induced 
by standard oral therapies. This finding is consistent with the 
findings of Kosiborod and Mellbin, supporting the idea that in-
sulin-induced hypoglycemia does not increase cardiovascular risk, 
but hypoglycemia induced by other therapies does.6-8

Rydén proposed several possible explanations for this paradox-
ical effect, proposing that severe hypoglycemia may be a marker, 
but not an accelerator of future cardiovascular events. An alter-
native explanation is that sulfonylureas are harmful in that they 
hamper the ability of the heart to adapt to ischemia. 

Although the mechanism of the protective effect of insulin in 
severe hypoglycemic episodes is unknown, the analysis by Riddle 
et al furthers the understanding of hypoglycemia and may help 
physicians identify patents who are at risk for severe hypoglyce-
mia, allowing physicians to take steps to prevent severe episodes 
before they occur.

In a separate presentation, Mark Feinglos, MD, CM, a profes-
sor at Duke University and a key investi-
gator in the Action to Control Cardiovas-
cular Risk in Diabetes (ACCORD) trial, 
further discussed the relationship between 
hypoglycemia and cardiovascular events.

The study population of ACCORD dif-
fered from that of the ORIGIN trial in that 
ACCORD enrolled patients at high risk for 
cardiovascular events. One important aim 
of the ACCORD trial was testing whether 
or not a target A1C level of less than 6% 

would reduce rates of cardiovascular events more than a target of 7% 
to 7.9%. 

Patients enrolled had an initial A1C level between 7.5% and 
11%, and were aged between 55 and 79 years, with a mean age 
of 64 years. Approximately one-third (35%) of patients enrolled 
in ACCORD had experienced a previous cardiovascular event.

An interim analysis of data from ACCORD revealed a 22% 
relative increase in the risk of mortality in patients receiving inten-
sive glucose control with a target A1C of less than 6% (P <.04). As 
a result, the intensive glucose control arm targeting an A1C less 
than 6% was discontinued after a mean follow-up period of 3.7 
years. However, in the group receiving less intensive therapy, the 
trial continued for the full prespecified study period of 5 years.10 

According to Miller et al, ACCORD included 2 subgroups 
of patients—an older subgroup of patients and a younger sub-
group of patients. Among the older subgroup, the risk of cardio-
vascular mortality was not increased with use of intensive therapy 
(hazard ratio [HR] = 0.97). However, in the younger subgroup 
of patients, the risk of cardiovascular mortality increased by 71% 
with intensive therapy versus less intensive therapy (P = .03). Also, 
there was a higher rate of severe hypoglycemia in the older sub-
group compared with the younger subgroup (4.45% vs 2.45%).11

Feinglos mentioned that these findings point to the existence 
of a younger subgroup of patients that are more sensitive to inten-
sive therapy and may tend to die before reaching an older age—
not, perhaps, because of intensive treatment leading to hypogly-
cemia, but because these patients tend to die of diabetes-related 
complications at a younger age. This more vulnerable population 
has yet to be evaluated further in clinical studies; however, exclud-
ing these patients from future clinical studies of intensive therapy 
may reduce or eliminate concerns about intensive glucose-lower-

(Continued on page 8)
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ing strategies, opening the door to intensive A1C targets for other 
groups of patients with T2DM in future trials.

In another analysis of ACCORD data conducted in 2012, Sea-
quist et al detected a relationship between the annualized number 
of nonsevere hypoglycemia events and mortality. The risk of mor-
tality decreased modestly as the annualized number of nonsevere 
hypoglycemia episodes increased (HR 0.93; P = .001).12

Feinglos commented that behavioral changes, such as watch-
ing patients more carefully, may explain the observation of an 
inverse relationship between nonsevere hypoglycemia events and 
mortality. Alternatively, with repetitive events, counterregulatory 
hormone responses may be blunted (ie, warning signs of hypogly-
cemia such as increased heart rate and blood pressure are reduced 
as more and more hypoglycemic events occur). Yet another expla-
nation for this effect could be ischemic preconditioning. Accord-
ing to this theory, when an artery of the heart is occluded briefly 
(as it may be during an episode of hypoglycemia), the heart tissue 
adapts through an effect on K+/ATP channels, and when myocar-
dial infarctions (MIs) do occur, the MIs tend to cause less damage 
and lead to fewer deaths.

Concluding his presentation, Feinglos stated, “There is no 
evidence that hypoglycemia caused increased mortality; in fact 
[the occurrence of ] 1 or more episodes of severe hypoglycemia 
was associated with a lower risk of mortality.” However, he did 
qualify his statement, saying, “I certainly would not recommend 
[intentionally inducing hypoglycemia] as a treatment strategy.”

Understanding the ACCORD data through the lens of hypo-
glycemia being associated with mortality only in a younger sub-
group of patients can help physicians understand why intensive 
control of blood glucose may not always be a strategy that leads 
to poorer outcomes. Because a subgroup of more vulnerable, 
younger patients who tend to die at a relatively young age was 
thought to be responsible for the observation of increased mor-
tality with intensive therapeutic intervention in the ACCORD 
study, more careful selection of appropriate patients for inten-
sive treatment in future trials may ultimately redeem intensive 
therapy (eg, targeting an A1C level <6%) as a useful therapeutic 
strategy in selected groups of patients. 
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 Covered for more than 80% of commercially insured 
patients without prior authorization1

IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS
>>  History of a serious hypersensitivity reaction to INVOKANA®.
>>  Severe renal impairment (eGFR <30 mL/min/1.73 m2), end stage renal disease, or patients on dialysis.

WARNINGS and PRECAUTIONS
>>  Hypotension: INVOKANA® causes intravascular volume contraction. Symptomatic hypotension can occur after initiating 

INVOKANA®, particularly in patients with impaired renal function (eGFR <60 mL/min/1.73 m2), elderly patients, and patients on 
either diuretics or medications that interfere with the renin-angiotensin-aldosterone system (eg, angiotensin-converting-
enzyme [ACE] inhibitors, angiotensin receptor blockers [ARBs]), or patients with low systolic blood pressure. Before initiating 
INVOKANA® in patients with one or more of these characteristics, volume status should be assessed and corrected. Monitor 
for signs and symptoms after initiating therapy.

Please see additional Important Safety Information and brief summary of full Prescribing Information on the following pages. 

The recommended starting dose of INVOKANA® (canaglifl ozin) is 100 mg once daily.2

INVOKANA® is indicated as an adjunct to diet and exercise to improve glycemic control in adults with type 2 diabetes mellitus.

INVOKANA® is not recommended in patients with type 1 diabetes or for the treatment of diabetic ketoacidosis.

EXPERIENCE THEEXPERIENCE THE
DIFFERENCEDIFFERENCE

Data From ACCORD and ORIGIN (Continued from page 7)

Table. Factors Associated With Severe and Nonsevere Hypoglycemia9 

Selected Factors Associated With  
Severe Hypoglycemia

Selected Factors Associated With  
Nonsevere Hypoglycemia

Hypertension Higher baseline A1C level

Renal disease Lower BMI

Older age Younger age

A1C indicates glycated hemoglobin; BMI, body mass index 
Adapted from Riddle M, Gerstein H, Jung H, et al; ORIGIN investigators. Presentation at the 74th Scientific Sessions of the 
American Diabetes Association; June 13-17, 2014; San Francisco, CA. Abstract 2-LB.
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>>  Hypotension: INVOKANA® causes intravascular volume contraction. Symptomatic hypotension can occur after initiating 
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either diuretics or medications that interfere with the renin-angiotensin-aldosterone system (eg, angiotensin-converting-
enzyme [ACE] inhibitors, angiotensin receptor blockers [ARBs]), or patients with low systolic blood pressure. Before initiating 
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INVOKANA® is indicated as an adjunct to diet and exercise to improve glycemic control in adults with type 2 diabetes mellitus.
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INVOKANA® 300 mg + metformin 
and an SU (n=377)

Januvia® 100 mg + metformin 
and an SU (n=378)

Adjusted Mean Change in A1C From Baseline (%)

–0.66

–1.03

8.13% 8.12%Mean baseline: 

Difference from Januvia® (sitagliptin): –0.37% (95% CI: –0.50, –0.25); P<0.05 Diff erence from Januvia® (sitagliptin): –0.37% (95% CI: –0.50, –0.25); P<0.05

INVOKANA® 300 mg vs Januvia® 100 mg 
at 52 weeks, each in combination with metformin + a sulfonylurea (SU) 2

EXPERIENCE THE
DIFFERENCE

IMPORTANT SAFETY INFORMATION (cont’d)
>>  Impairment in Renal Function: INVOKANA® increases serum creatinine and decreases eGFR. Patients with hypovolemia may 

be more susceptible to these changes. Renal function abnormalities can occur after initiating INVOKANA®. More frequent 
renal function monitoring is recommended in patients with an eGFR below 60 mL/min/1.73 m2.

>>  Hyperkalemia: INVOKANA® can lead to hyperkalemia. Patients with moderate renal impairment who are taking medications 
that interfere with potassium excretion, such as potassium-sparing diuretics, or medications that interfere with the renin-
angiotensin-aldosterone system are more likely to develop hyperkalemia. Monitor serum potassium levels periodically 
after initiating INVOKANA® in patients with impaired renal function and in patients predisposed to hyperkalemia due to 
medications or other medical conditions.

INVOKANA® (canaglifl ozin) starting dose: 100 mg once daily. In patients tolerating the starting dose who 
have an eGFR ≥60 mL/min/1.73 m2 and require additional glycemic control, the dose can be increased to 
300 mg once daily.2

Indicated trademarks are registered trademarks of their respective owners.

Greater reductions in A1C2
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INVOKANA® 300 mg demonstrated greater reductions in A1C vs Januvia® 100 mg... 
...as well as greater reductions in body weight† and systolic blood pressure2†

Incidence of hypoglycemia2

INVOKANA® 300 mg: 43.2%; Januvia® 100 mg: 40.7% 

The incidence of hypoglycemia increases when used 
in combination with insulin or an insulin secretagogue.

Adverse reactions (ARs)3

Incidences of ARs were similar between groups except for:

Male/female genital mycotic infection,
INVOKANA® 300 mg: 9.2%/15.3%; Januvia® 100 mg: 0.5%/4.3%
 Increased urine frequency/volume,
INVOKANA® 300 mg: 1.6%/0.8%; Januvia® 100 mg: 1.3%/0%

Greater reductions 
in body weight2*†

Diff erence from Januvia® 100 mg:
–2.8%; P<0.001

Greater reductions in 
systolic blood pressure3*†

Diff erence from Januvia® 100 mg:
–5.9 mm Hg; P<0.001

INVOKANA® is not indicated for weight
loss or as antihypertensive treatment.

*Adjusted mean.
†Prespecifi ed secondary endpoint.

     A randomized, double-blind, active-controlled, 52-week study of patients with type 2 diabetes inadequately controlled 
on maximum doses of metformin (≥2000 mg/day, or ≥1500 mg/day if higher dose not tolerated) and near-maximally or 
maximally eff ective doses of an SU.2

>>  Hypoglycemia With Concomitant Use With Insulin and Insulin Secretagogues: Insulin and insulin secretagogues are 
known to cause hypoglycemia. INVOKANA® can increase the risk of hypoglycemia when combined with insulin or an 
insulin secretagogue. Therefore, a lower dose of insulin or insulin secretagogue may be required to minimize the risk of 
hypoglycemia when used in combination with INVOKANA®.

>>  Genital Mycotic Infections: INVOKANA® increases the risk of genital mycotic infections. Patients with a history of genital 
mycotic infections and uncircumcised males were more likely to develop 
genital mycotic infections. Monitor and treat appropriately.

>>  Hypersensitivity Reactions: Hypersensitivity reactions (eg, generalized 
urticaria), some serious, were reported with INVOKANA® treatment; these 
reactions generally occurred within hours to days after initiating INVOKANA®. 
If hypersensitivity reactions occur, discontinue use of INVOKANA®; treat per 
standard of care and monitor until signs and symptoms resolve.

      Please see additional Important Safety Information and brief 
summary of full Prescribing Information on the following pages.

Learn more and register for updates at 
INVOKANAhcp.com
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INVOKANA® 300 mg + metformin 
and an SU (n=377)

Januvia® 100 mg + metformin 
and an SU (n=378)

Adjusted Mean Change in A1C From Baseline (%)

–0.66

–1.03

8.13% 8.12%Mean baseline: 

Difference from Januvia® (sitagliptin): –0.37% (95% CI: –0.50, –0.25); P<0.05 Diff erence from Januvia® (sitagliptin): –0.37% (95% CI: –0.50, –0.25); P<0.05

INVOKANA® 300 mg vs Januvia® 100 mg 
at 52 weeks, each in combination with metformin + a sulfonylurea (SU) 2

EXPERIENCE THE
DIFFERENCE

IMPORTANT SAFETY INFORMATION (cont’d)
>>  Impairment in Renal Function: INVOKANA® increases serum creatinine and decreases eGFR. Patients with hypovolemia may 

be more susceptible to these changes. Renal function abnormalities can occur after initiating INVOKANA®. More frequent 
renal function monitoring is recommended in patients with an eGFR below 60 mL/min/1.73 m2.

>>  Hyperkalemia: INVOKANA® can lead to hyperkalemia. Patients with moderate renal impairment who are taking medications 
that interfere with potassium excretion, such as potassium-sparing diuretics, or medications that interfere with the renin-
angiotensin-aldosterone system are more likely to develop hyperkalemia. Monitor serum potassium levels periodically 
after initiating INVOKANA® in patients with impaired renal function and in patients predisposed to hyperkalemia due to 
medications or other medical conditions.

INVOKANA® (canaglifl ozin) starting dose: 100 mg once daily. In patients tolerating the starting dose who 
have an eGFR ≥60 mL/min/1.73 m2 and require additional glycemic control, the dose can be increased to 
300 mg once daily.2

Indicated trademarks are registered trademarks of their respective owners.
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INVOKANA® 300 mg demonstrated greater reductions in A1C vs Januvia® 100 mg... 
...as well as greater reductions in body weight† and systolic blood pressure2†

Incidence of hypoglycemia2

INVOKANA® 300 mg: 43.2%; Januvia® 100 mg: 40.7% 

The incidence of hypoglycemia increases when used 
in combination with insulin or an insulin secretagogue.

Adverse reactions (ARs)3

Incidences of ARs were similar between groups except for:

Male/female genital mycotic infection,
INVOKANA® 300 mg: 9.2%/15.3%; Januvia® 100 mg: 0.5%/4.3%
 Increased urine frequency/volume,
INVOKANA® 300 mg: 1.6%/0.8%; Januvia® 100 mg: 1.3%/0%

Greater reductions 
in body weight2*†

Diff erence from Januvia® 100 mg:
–2.8%; P<0.001

Greater reductions in 
systolic blood pressure3*†

Diff erence from Januvia® 100 mg:
–5.9 mm Hg; P<0.001

INVOKANA® is not indicated for weight
loss or as antihypertensive treatment.

*Adjusted mean.
†Prespecifi ed secondary endpoint.

     A randomized, double-blind, active-controlled, 52-week study of patients with type 2 diabetes inadequately controlled 
on maximum doses of metformin (≥2000 mg/day, or ≥1500 mg/day if higher dose not tolerated) and near-maximally or 
maximally eff ective doses of an SU.2

>>  Hypoglycemia With Concomitant Use With Insulin and Insulin Secretagogues: Insulin and insulin secretagogues are 
known to cause hypoglycemia. INVOKANA® can increase the risk of hypoglycemia when combined with insulin or an 
insulin secretagogue. Therefore, a lower dose of insulin or insulin secretagogue may be required to minimize the risk of 
hypoglycemia when used in combination with INVOKANA®.

>>  Genital Mycotic Infections: INVOKANA® increases the risk of genital mycotic infections. Patients with a history of genital 
mycotic infections and uncircumcised males were more likely to develop 
genital mycotic infections. Monitor and treat appropriately.

>>  Hypersensitivity Reactions: Hypersensitivity reactions (eg, generalized 
urticaria), some serious, were reported with INVOKANA® treatment; these 
reactions generally occurred within hours to days after initiating INVOKANA®. 
If hypersensitivity reactions occur, discontinue use of INVOKANA®; treat per 
standard of care and monitor until signs and symptoms resolve.

      Please see additional Important Safety Information and brief 
summary of full Prescribing Information on the following pages.

Learn more and register for updates at 
INVOKANAhcp.com
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>>  Increases in Low-Density Lipoprotein (LDL-C): Dose-related 
increases in LDL-C occur with INVOKANA® (canagliflozin). 
Monitor LDL-C and treat per standard of care after initiating 
INVOKANA®.

>>  Macrovascular Outcomes: There have been no clinical studies 
establishing conclusive evidence of macrovascular risk reduction 
with INVOKANA® or any other antidiabetic drug.

DRUG INTERACTIONS
>>  UGT Enzyme Inducers: Rifampin: Co-administration 

of canagliflozin with rifampin, a nonselective inducer 
of several UGT enzymes, including UGT1A9, UGT2B4, 
decreased canagliflozin area under the curve (AUC) 
by 51%. This decrease in exposure to canagliflozin may 
decrease efficacy. If an inducer of these UGTs (eg, 
rifampin, phenytoin, phenobarbital, ritonavir) must 
be co-administered with INVOKANA® (canagliflozin), 
consider increasing the dose to 300 mg once daily if 
patients are currently tolerating INVOKANA® 100 mg 
once daily, have an eGFR greater than 60 mL/min/1.73 m2, 
and require additional glycemic control. Consider other 
antihyperglycemic therapy in patients with an eGFR of 
45 to less than 60 mL/min/1.73 m2 receiving concurrent 
therapy with a UGT inducer and requiring additional 
glycemic control.

>>  Digoxin: There was an increase in the area AUC and mean 
peak drug concentration (Cmax) of digoxin (20% and 36%, 
respectively) when co-administered with INVOKANA® 
300 mg. Patients taking INVOKANA® with concomitant 
digoxin should be monitored appropriately.

USE IN SPECIFIC POPULATIONS
>>  Pregnancy Category C: There are no adequate and well-

controlled studies of INVOKANA® in pregnant women. 
Based on results from rat studies, canagliflozin may affect 
renal development and maturation. In a juvenile rat study, 
increased kidney weights and renal pelvic and tubular 
dilatation were evident at ≥0.5 times clinical exposure 
from a 300-mg dose.

These outcomes occurred with drug exposure during 
periods of animal development that correspond to the late 
second and third trimester of human development. During 
pregnancy, consider appropriate alternative therapies, 
especially during the second and third trimesters. 
INVOKANA® should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus.

>>  Nursing Mothers: It is not known if INVOKANA® is 
excreted in human milk. INVOKANA® is secreted in the 
milk of lactating rats, reaching levels 1.4 times higher 

than that in maternal plasma. Data in juvenile rats directly 
exposed to INVOKANA® showed risk to the developing 
kidney (renal pelvic and tubular dilatations) during 
maturation. Since human kidney maturation occurs in  
utero and during the first 2 years of life when lactational 
exposure may occur, there may be risk to the developing 
human kidney. Because many drugs are excreted in 
human milk, and because of the potential for serious 
adverse reactions in nursing infants from INVOKANA®, a 
decision should be made whether to discontinue nursing 
or to discontinue INVOKANA®, taking into account the 
importance of the drug to the mother.

>>  Pediatric Use: Safety and effectiveness of INVOKANA® 
in pediatric patients under 18 years of age have not  
been established.

>>  Geriatric Use: Two thousand thirty-four (2034) 
patients 65 years and older, and 345 patients 75 years 
and older were exposed to INVOKANA® in nine clinical 
studies of INVOKANA®. Patients 65 years and older 
had a higher incidence of adverse reactions related to 
reduced intravascular volume with INVOKANA® (such as 
hypotension, postural dizziness, orthostatic hypotension, 
syncope, and dehydration), particularly with the  
300-mg daily dose, compared to younger patients; more 
prominent increase in the incidence was seen in patients 
who were ≥75 years of age. Smaller reductions in HbA1C 
with INVOKANA® relative to placebo were seen in older 
(65 years and older; -0.61% with INVOKANA® 100 mg and 
-0.74% with INVOKANA® 300 mg relative to placebo) 
compared to younger patients (-0.72% with INVOKANA® 
100 mg and -0.87% with INVOKANA® 300 mg relative  
to placebo).

>>  Renal Impairment: The efficacy and safety of INVOKANA® 
were evaluated in a study that included patients with 
moderate renal impairment (eGFR 30 to <50 mL/min/ 
1.73 m2). These patients had less overall glycemic efficacy 
and had a higher occurrence of adverse reactions related 
to reduced intravascular volume, renal-related adverse 
reactions, and decreases in eGFR compared to patients 
with mild renal impairment or normal renal function (eGFR 
≥60 mL/min/1.73 m2); patients treated with INVOKANA® 
300 mg were more likely to experience increases in 
potassium. 

The efficacy and safety of INVOKANA® have not been 
established in patients with severe renal impairment 
(eGFR <30 mL/min/1.73 m2), with end-stage renal disease 
(ESRD), or receiving dialysis. INVOKANA® is not expected 
to be effective in these patient populations.

IMPORTANT SAFETY INFORMATION (cont’d)

© Janssen Pharmaceuticals, Inc. 2014 June 2014 013143-140404

Janssen Pharmaceuticals, Inc.
Canagliflozin is licensed from Mitsubishi Tanabe Pharma Corporation.
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INVOKANA™
(canagliflozin) tablets, for oral use
Brief Summary of Prescribing Information.
IndIcatIons and Usage
INVOKANA™ (canagliflozin) is indicated as an adjunct to diet and exercise to 
improve glycemic control in adults with type 2 diabetes mellitus [see Clinical 
Studies (14) in full Prescribing Information].
Limitation of Use: INVOKANA is not recommended in patients with type  1 
diabetes mellitus or for the treatment of diabetic ketoacidosis.
contraIndIcatIons
•	 History of a serious hypersensitivity reaction to INVOKANA [see Warnings 

and Precautions].
•	 Severe renal impairment (eGFR less than 30  mL/min/1.73  m2), end stage 

renal disease or patients on dialysis [see Warnings and Precautions and 
Use in Specific Populations].

WarnIngs and PrecaUtIons
Hypotension: INVOKANA causes intravascular volume contraction. 
Symptomatic hypotension can occur after initiating INVOKANA [see Adverse 
Reactions] particularly in patients with impaired renal function (eGFR less 
than 60  mL/min/1.73  m2), elderly patients, patients on either diuretics or 
medications that interfere with the renin-angiotensin-aldosterone system 
(e.g.,  angiotensin-converting-enzyme [ACE] inhibitors, angiotensin receptor 
blockers [ARBs]), or patients with low systolic blood pressure. Before 
initiating INVOKANA in patients with one or more of these characteristics, 
volume status should be assessed and corrected. Monitor for signs and 
symptoms after initiating therapy.
Impairment in renal Function: INVOKANA increases serum creatinine and 
decreases eGFR. Patients with hypovolemia may be more susceptible to these 
changes. Renal function abnormalities can occur after initiating INVOKANA 
[see Adverse Reactions]. More frequent renal function monitoring is 
recommended in patients with an eGFR below 60 mL/min/1.73 m2.
Hyperkalemia: INVOKANA can lead to hyperkalemia. Patients with moderate 
renal impairment who are taking medications that interfere with potassium 
excretion, such as potassium-sparing diuretics, or medications that interfere 
with the renin-angiotensin-aldosterone system are more likely to develop 
hyperkalemia [see Adverse Reactions]. 
Monitor serum potassium levels periodically after initiating INVOKANA in 
patients with impaired renal function and in patients predisposed to 
hyperkalemia due to medications or other medical conditions. 
Hypoglycemia with concomitant Use with Insulin and Insulin secretagogues: 
Insulin and insulin secretagogues are known to cause hypoglycemia. 
INVOKANA can increase the risk of hypoglycemia when combined with insulin 
or an insulin secretagogue [see Adverse Reactions]. Therefore, a lower dose of 
insulin or insulin secretagogue may be required to minimize the risk of 
hypoglycemia when used in combination with INVOKANA.
genital Mycotic Infections: INVOKANA increases the risk of genital mycotic 
infections. Patients with a history of genital mycotic infections and 
uncircumcised males were more likely to develop genital mycotic infections 
[see Adverse Reactions]. Monitor and treat appropriately.
Hypersensitivity reactions: Hypersensitivity reactions (e.g.,  generalized 
urticaria), some serious, were reported with INVOKANA treatment; these 
reactions generally occurred within hours to days after initiating INVOKANA. 
If hypersensitivity reactions occur, discontinue use of INVOKANA; treat per 
standard of care and monitor until signs and symptoms resolve [see 
Contraindications and Adverse Reactions].
Increases in Low-density Lipoprotein (LdL-c): Dose-related increases in 
LDL-C occur with INVOKANA [see Adverse Reactions]. Monitor LDL-C and 
treat per standard of care after initiating INVOKANA.
Macrovascular outcomes: There have been no clinical studies establishing 
conclusive evidence of macrovascular risk reduction with INVOKANA or any 
other antidiabetic drug.
adverse reactIons
The following important adverse reactions are described below and 
elsewhere in the labeling:
•	 Hypotension [see Warnings and Precautions]
•	 Impairment in Renal Function [see Warnings and Precautions]
•	 Hyperkalemia [see Warnings and Precautions]
•	 Hypoglycemia with Concomitant Use with Insulin and Insulin 

Secretagogues [see Warnings and Precautions]
•	 Genital Mycotic Infections [see Warnings and Precautions]
•	 Hypersensitivity Reactions [see Warnings and Precautions]
•	 Increases in Low-Density Lipoprotein (LDL-C) [see Warnings and 

Precautions]
clinical studies experience: Because clinical trials are conducted under 
widely varying conditions, adverse reaction rates observed in the clinical 
trials of a drug cannot be directly compared to the rates in the clinical trials 
of another drug and may not reflect the rates observed in clinical practice.
Pool of Placebo-Controlled Trials: The data in Table 1 is derived from four 
26-week placebo-controlled trials. In one trial INVOKANA was used as 
monotherapy and in three trials INVOKANA was used as add-on therapy [see 
Clinical Studies  (14) in full Prescribing Information]. These data reflect 
exposure of 1667 patients to INVOKANA and a mean duration of exposure to 

>>  Hepatic Impairment: No dosage 
adjustment is necessary in patients with 
mild or moderate hepatic impairment. The 
use of INVOKANA® has not been studied 
in patients with severe hepatic impairment 
and it is therefore not recommended.

OVERDOSAGE
>>  There were no reports of overdose during 

the clinical development program of 
INVOKANA® (canagliflozin).

  In the event of an overdose, contact the 
Poison Control Center. It is also reasonable 
to employ the usual supportive measures, 
eg, remove unabsorbed material from 
the gastrointestinal tract, employ clinical 
monitoring, and institute supportive 
treatment as dictated by the patient’s 
clinical status. Canagliflozin was negligibly 
removed during a 4-hour hemodialysis 
session. Canagliflozin is not expected to 
be dialyzable by peritoneal dialysis.

ADVERSE REACTIONS
>>  The most common (≥5%) adverse 

reactions were female genital mycotic 
infections, urinary tract infections, and 
increased urination. Adverse reactions 
in ≥2% of patients were male genital 
mycotic infections, vulvovaginal pruritus, 
thirst, nausea, and constipation. 

Please see brief summary of full Prescribing 
Information on the following pages.

References: 1. Data on file. Janssen Pharmaceuticals, Inc., 
Titusville, NJ. 2. INVOKANA® [prescribing information]. 
Titusville, NJ: Janssen Pharmaceuticals, Inc.; 2013.  
3. Schernthaner G, Gross JL, Rosenstock J, et al. 
Canagliflozin compared with sitagliptin for patients with 
type 2 diabetes who do not have adequate glycemic 
control with metformin plus sulfonylurea: a 52-week 
randomized trial [published correction appears in 
Diabetes Care. 2013;36(12):4172]. Diabetes Care. 
2013;36(9):2508-2515.
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>>  Increases in Low-Density Lipoprotein (LDL-C): Dose-related 
increases in LDL-C occur with INVOKANA® (canagliflozin). 
Monitor LDL-C and treat per standard of care after initiating 
INVOKANA®.

>>  Macrovascular Outcomes: There have been no clinical studies 
establishing conclusive evidence of macrovascular risk reduction 
with INVOKANA® or any other antidiabetic drug.

DRUG INTERACTIONS
>>  UGT Enzyme Inducers: Rifampin: Co-administration 

of canagliflozin with rifampin, a nonselective inducer 
of several UGT enzymes, including UGT1A9, UGT2B4, 
decreased canagliflozin area under the curve (AUC) 
by 51%. This decrease in exposure to canagliflozin may 
decrease efficacy. If an inducer of these UGTs (eg, 
rifampin, phenytoin, phenobarbital, ritonavir) must 
be co-administered with INVOKANA® (canagliflozin), 
consider increasing the dose to 300 mg once daily if 
patients are currently tolerating INVOKANA® 100 mg 
once daily, have an eGFR greater than 60 mL/min/1.73 m2, 
and require additional glycemic control. Consider other 
antihyperglycemic therapy in patients with an eGFR of 
45 to less than 60 mL/min/1.73 m2 receiving concurrent 
therapy with a UGT inducer and requiring additional 
glycemic control.

>>  Digoxin: There was an increase in the area AUC and mean 
peak drug concentration (Cmax) of digoxin (20% and 36%, 
respectively) when co-administered with INVOKANA® 
300 mg. Patients taking INVOKANA® with concomitant 
digoxin should be monitored appropriately.

USE IN SPECIFIC POPULATIONS
>>  Pregnancy Category C: There are no adequate and well-

controlled studies of INVOKANA® in pregnant women. 
Based on results from rat studies, canagliflozin may affect 
renal development and maturation. In a juvenile rat study, 
increased kidney weights and renal pelvic and tubular 
dilatation were evident at ≥0.5 times clinical exposure 
from a 300-mg dose.

These outcomes occurred with drug exposure during 
periods of animal development that correspond to the late 
second and third trimester of human development. During 
pregnancy, consider appropriate alternative therapies, 
especially during the second and third trimesters. 
INVOKANA® should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus.

>>  Nursing Mothers: It is not known if INVOKANA® is 
excreted in human milk. INVOKANA® is secreted in the 
milk of lactating rats, reaching levels 1.4 times higher 

than that in maternal plasma. Data in juvenile rats directly 
exposed to INVOKANA® showed risk to the developing 
kidney (renal pelvic and tubular dilatations) during 
maturation. Since human kidney maturation occurs in  
utero and during the first 2 years of life when lactational 
exposure may occur, there may be risk to the developing 
human kidney. Because many drugs are excreted in 
human milk, and because of the potential for serious 
adverse reactions in nursing infants from INVOKANA®, a 
decision should be made whether to discontinue nursing 
or to discontinue INVOKANA®, taking into account the 
importance of the drug to the mother.

>>  Pediatric Use: Safety and effectiveness of INVOKANA® 
in pediatric patients under 18 years of age have not  
been established.

>>  Geriatric Use: Two thousand thirty-four (2034) 
patients 65 years and older, and 345 patients 75 years 
and older were exposed to INVOKANA® in nine clinical 
studies of INVOKANA®. Patients 65 years and older 
had a higher incidence of adverse reactions related to 
reduced intravascular volume with INVOKANA® (such as 
hypotension, postural dizziness, orthostatic hypotension, 
syncope, and dehydration), particularly with the  
300-mg daily dose, compared to younger patients; more 
prominent increase in the incidence was seen in patients 
who were ≥75 years of age. Smaller reductions in HbA1C 
with INVOKANA® relative to placebo were seen in older 
(65 years and older; -0.61% with INVOKANA® 100 mg and 
-0.74% with INVOKANA® 300 mg relative to placebo) 
compared to younger patients (-0.72% with INVOKANA® 
100 mg and -0.87% with INVOKANA® 300 mg relative  
to placebo).

>>  Renal Impairment: The efficacy and safety of INVOKANA® 
were evaluated in a study that included patients with 
moderate renal impairment (eGFR 30 to <50 mL/min/ 
1.73 m2). These patients had less overall glycemic efficacy 
and had a higher occurrence of adverse reactions related 
to reduced intravascular volume, renal-related adverse 
reactions, and decreases in eGFR compared to patients 
with mild renal impairment or normal renal function (eGFR 
≥60 mL/min/1.73 m2); patients treated with INVOKANA® 
300 mg were more likely to experience increases in 
potassium. 

The efficacy and safety of INVOKANA® have not been 
established in patients with severe renal impairment 
(eGFR <30 mL/min/1.73 m2), with end-stage renal disease 
(ESRD), or receiving dialysis. INVOKANA® is not expected 
to be effective in these patient populations.

IMPORTANT SAFETY INFORMATION (cont’d)

© Janssen Pharmaceuticals, Inc. 2014 June 2014 013143-140404

Janssen Pharmaceuticals, Inc.
Canagliflozin is licensed from Mitsubishi Tanabe Pharma Corporation.
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INVOKANA™
(canagliflozin) tablets, for oral use
Brief Summary of Prescribing Information.
IndIcatIons and Usage
INVOKANA™ (canagliflozin) is indicated as an adjunct to diet and exercise to 
improve glycemic control in adults with type 2 diabetes mellitus [see Clinical 
Studies (14) in full Prescribing Information].
Limitation of Use: INVOKANA is not recommended in patients with type  1 
diabetes mellitus or for the treatment of diabetic ketoacidosis.
contraIndIcatIons
•	 History of a serious hypersensitivity reaction to INVOKANA [see Warnings 

and Precautions].
•	 Severe renal impairment (eGFR less than 30  mL/min/1.73  m2), end stage 

renal disease or patients on dialysis [see Warnings and Precautions and 
Use in Specific Populations].

WarnIngs and PrecaUtIons
Hypotension: INVOKANA causes intravascular volume contraction. 
Symptomatic hypotension can occur after initiating INVOKANA [see Adverse 
Reactions] particularly in patients with impaired renal function (eGFR less 
than 60  mL/min/1.73  m2), elderly patients, patients on either diuretics or 
medications that interfere with the renin-angiotensin-aldosterone system 
(e.g.,  angiotensin-converting-enzyme [ACE] inhibitors, angiotensin receptor 
blockers [ARBs]), or patients with low systolic blood pressure. Before 
initiating INVOKANA in patients with one or more of these characteristics, 
volume status should be assessed and corrected. Monitor for signs and 
symptoms after initiating therapy.
Impairment in renal Function: INVOKANA increases serum creatinine and 
decreases eGFR. Patients with hypovolemia may be more susceptible to these 
changes. Renal function abnormalities can occur after initiating INVOKANA 
[see Adverse Reactions]. More frequent renal function monitoring is 
recommended in patients with an eGFR below 60 mL/min/1.73 m2.
Hyperkalemia: INVOKANA can lead to hyperkalemia. Patients with moderate 
renal impairment who are taking medications that interfere with potassium 
excretion, such as potassium-sparing diuretics, or medications that interfere 
with the renin-angiotensin-aldosterone system are more likely to develop 
hyperkalemia [see Adverse Reactions]. 
Monitor serum potassium levels periodically after initiating INVOKANA in 
patients with impaired renal function and in patients predisposed to 
hyperkalemia due to medications or other medical conditions. 
Hypoglycemia with concomitant Use with Insulin and Insulin secretagogues: 
Insulin and insulin secretagogues are known to cause hypoglycemia. 
INVOKANA can increase the risk of hypoglycemia when combined with insulin 
or an insulin secretagogue [see Adverse Reactions]. Therefore, a lower dose of 
insulin or insulin secretagogue may be required to minimize the risk of 
hypoglycemia when used in combination with INVOKANA.
genital Mycotic Infections: INVOKANA increases the risk of genital mycotic 
infections. Patients with a history of genital mycotic infections and 
uncircumcised males were more likely to develop genital mycotic infections 
[see Adverse Reactions]. Monitor and treat appropriately.
Hypersensitivity reactions: Hypersensitivity reactions (e.g.,  generalized 
urticaria), some serious, were reported with INVOKANA treatment; these 
reactions generally occurred within hours to days after initiating INVOKANA. 
If hypersensitivity reactions occur, discontinue use of INVOKANA; treat per 
standard of care and monitor until signs and symptoms resolve [see 
Contraindications and Adverse Reactions].
Increases in Low-density Lipoprotein (LdL-c): Dose-related increases in 
LDL-C occur with INVOKANA [see Adverse Reactions]. Monitor LDL-C and 
treat per standard of care after initiating INVOKANA.
Macrovascular outcomes: There have been no clinical studies establishing 
conclusive evidence of macrovascular risk reduction with INVOKANA or any 
other antidiabetic drug.
adverse reactIons
The following important adverse reactions are described below and 
elsewhere in the labeling:
•	 Hypotension [see Warnings and Precautions]
•	 Impairment in Renal Function [see Warnings and Precautions]
•	 Hyperkalemia [see Warnings and Precautions]
•	 Hypoglycemia with Concomitant Use with Insulin and Insulin 

Secretagogues [see Warnings and Precautions]
•	 Genital Mycotic Infections [see Warnings and Precautions]
•	 Hypersensitivity Reactions [see Warnings and Precautions]
•	 Increases in Low-Density Lipoprotein (LDL-C) [see Warnings and 

Precautions]
clinical studies experience: Because clinical trials are conducted under 
widely varying conditions, adverse reaction rates observed in the clinical 
trials of a drug cannot be directly compared to the rates in the clinical trials 
of another drug and may not reflect the rates observed in clinical practice.
Pool of Placebo-Controlled Trials: The data in Table 1 is derived from four 
26-week placebo-controlled trials. In one trial INVOKANA was used as 
monotherapy and in three trials INVOKANA was used as add-on therapy [see 
Clinical Studies  (14) in full Prescribing Information]. These data reflect 
exposure of 1667 patients to INVOKANA and a mean duration of exposure to 

>>  Hepatic Impairment: No dosage 
adjustment is necessary in patients with 
mild or moderate hepatic impairment. The 
use of INVOKANA® has not been studied 
in patients with severe hepatic impairment 
and it is therefore not recommended.

OVERDOSAGE
>>  There were no reports of overdose during 

the clinical development program of 
INVOKANA® (canagliflozin).

  In the event of an overdose, contact the 
Poison Control Center. It is also reasonable 
to employ the usual supportive measures, 
eg, remove unabsorbed material from 
the gastrointestinal tract, employ clinical 
monitoring, and institute supportive 
treatment as dictated by the patient’s 
clinical status. Canagliflozin was negligibly 
removed during a 4-hour hemodialysis 
session. Canagliflozin is not expected to 
be dialyzable by peritoneal dialysis.

ADVERSE REACTIONS
>>  The most common (≥5%) adverse 

reactions were female genital mycotic 
infections, urinary tract infections, and 
increased urination. Adverse reactions 
in ≥2% of patients were male genital 
mycotic infections, vulvovaginal pruritus, 
thirst, nausea, and constipation. 

Please see brief summary of full Prescribing 
Information on the following pages.

References: 1. Data on file. Janssen Pharmaceuticals, Inc., 
Titusville, NJ. 2. INVOKANA® [prescribing information]. 
Titusville, NJ: Janssen Pharmaceuticals, Inc.; 2013.  
3. Schernthaner G, Gross JL, Rosenstock J, et al. 
Canagliflozin compared with sitagliptin for patients with 
type 2 diabetes who do not have adequate glycemic 
control with metformin plus sulfonylurea: a 52-week 
randomized trial [published correction appears in 
Diabetes Care. 2013;36(12):4172]. Diabetes Care. 
2013;36(9):2508-2515.
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INVOKANA of 24  weeks. Patients received INVOKANA 100  mg (N=833), 
INVOKANA 300 mg (N=834) or placebo (N=646) once daily. The mean age of 
the population was 56  years and 2%  were older than 75  years of age.  
Fifty percent (50%) of the population was male and 72%  were  
Caucasian, 12%  were Asian, and 5%  were Black or African American. At 
baseline the population had diabetes for an average of 7.3  years, had 
a mean HbA1C of 8.0%  and 20%  had established microvascular 
complications of diabetes. Baseline renal function was normal or mildly 
impaired (mean eGFR 88 mL/min/1.73 m2). 
Table  1 shows common adverse reactions associated with the use of 
INVOKANA. These adverse reactions were not present at baseline, 
occurred more commonly on INVOKANA than on placebo, and occurred  
in at least 2% of patients treated with either INVOKANA 100  mg or 
INVOKANA 300 mg. 
table 1:  adverse reactions From Pool of Four 26−Week Placebo-controlled 

studies reported in ≥ 2% of InvoKana-treated Patients*

Adverse Reaction
Placebo
n=646 

InvoKana
100 mg
n=833

InvoKana
300 mg
n=834

Female genital mycotic 
infections†

3.2% 10.4% 11.4%

Urinary tract infections‡ 4.0% 5.9% 4.3%
Increased urination§ 0.8% 5.3% 4.6%
Male genital mycotic 
infections¶

0.6% 4.2% 3.7%

Vulvovaginal pruritus 0.0% 1.6% 3.0%
Thirst# 0.2% 2.8% 2.3%
Constipation 0.9% 1.8% 2.3%
Nausea 1.5% 2.2% 2.3%

* The four placebo-controlled trials included one monotherapy trial and 
three add-on combination trials with metformin, metformin and 
sulfonylurea, or metformin and pioglitazone.

† Female genital mycotic infections include the following adverse reactions: 
Vulvovaginal candidiasis, Vulvovaginal mycotic infection, Vulvovaginitis, 
Vaginal infection, Vulvitis, and Genital infection fungal. Percentages 
calculated with the number of female subjects in each group as 
denominator: placebo (N=312), INVOKANA 100 mg (N=425), and INVOKANA 
300 mg (N=430).

‡ Urinary tract infections include the following adverse reactions: Urinary tract 
infection, Cystitis, Kidney infection, and Urosepsis.

§ Increased urination includes the following adverse reactions: Polyuria, 
Pollakiuria, Urine output increased, Micturition urgency, and Nocturia.

¶ Male genital mycotic infections include the following adverse reactions: 
Balanitis or Balanoposthitis, Balanitis candida, and Genital infection 
fungal. Percentages calculated with the number of male subjects in each 
group as denominator: placebo (N=334), INVOKANA 100 mg (N=408), and 
INVOKANA 300 mg (N=404).

# Thirst includes the following adverse reactions: Thirst, Dry mouth, and 
Polydipsia.

Abdominal pain was also more commonly reported in patients taking 
INVOKANA 100 mg (1.8%), 300 mg (1.7%) than in patients taking placebo (0.8%). 
Pool of Placebo- and Active-Controlled Trials: The occurrence of adverse 
reactions was also evaluated in a larger pool of patients participating in 
placebo- and active-controlled trials.
The data combined eight clinical trials [see Clinical Studies  (14) in full 
Prescribing Information] and reflect exposure of 6177  patients to 
INVOKANA. The mean duration of exposure to INVOKANA was 38  weeks 
with 1832  individuals exposed to INVOKANA for greater than 50  weeks. 
Patients received INVOKANA 100 mg (N=3092), INVOKANA 300 mg (N=3085) 
or comparator (N=3262) once daily. The mean age of the population was 
60 years and 5% were older than 75 years of age. Fifty-eight percent (58%) of 
the population was male and 73%  were Caucasian, 16%  were Asian, and 
4%  were Black or African American. At baseline, the population had 
diabetes for an average of 11  years, had a mean HbA1C of 8.0% and 33% 
had established microvascular complications of diabetes. Baseline renal 
function was normal or mildly impaired (mean eGFR 81 mL/min/1.73 m2).
The types and frequency of common adverse reactions observed in the 
pool of eight clinical trials were consistent with those listed in Table 1. In 
this pool, INVOKANA was also associated with the adverse reactions of 
fatigue (1.7% with comparator, 2.2% with INVOKANA 100  mg, and 2.0%  
with INVOKANA 300  mg) and loss of strength or energy (i.e., asthenia) 
(0.6% with comparator, 0.7% with INVOKANA 100  mg, and 1.1% with 
INVOKANA 300 mg).
In the pool of eight clinical trials, the incidence rate of pancreatitis (acute or 
chronic) was 0.9, 2.7, and 0.9 per 1000 patient-years of exposure to 
comparator, INVOKANA 100 mg, and INVOKANA 300 mg, respectively.
In the pool of eight clinical trials with a longer mean duration of exposure to 
INVOKANA (68 weeks), the incidence rate of bone fracture was 14.2, 18.7, 
and 17.6 per 1000 patient years of exposure to comparator, INVOKANA  

100 mg, and INVOKANA 300 mg, respectively. Upper extremity fractures 
occurred more commonly on INVOKANA than comparator.
In the pool of eight clinical trials, hypersensitivity-related adverse reactions 
(including erythema, rash, pruritus, urticaria, and angioedema) occurred in 
3.0%, 3.8%, and 4.2% of patients receiving comparator, INVOKANA 100 mg, 
and INVOKANA 300  mg, respectively. Five patients experienced serious 
adverse reactions of hypersensitivity with INVOKANA, which included 
4  patients with urticaria and 1  patient with a diffuse rash and urticaria 
occurring within hours of exposure to INVOKANA. Among these patients, 
2  patients discontinued INVOKANA. One patient with urticaria had 
recurrence when INVOKANA was re-initiated.
Photosensitivity-related adverse reactions (including photosensitivity 
reaction, polymorphic light eruption, and sunburn) occurred in 0.1%, 0.2%, 
and 0.2% of patients receiving comparator, INVOKANA 100  mg, and 
INVOKANA 300 mg, respectively.
Other adverse reactions occurring more frequently on INVOKANA than on 
comparator were:
Volume Depletion-Related Adverse Reactions: INVOKANA results in an 
osmotic diuresis, which may lead to reductions in intravascular volume. In 
clinical studies, treatment with INVOKANA was associated with a dose-
dependent increase in the incidence of volume depletion-related adverse 
reactions (e.g., hypotension, postural dizziness, orthostatic hypotension, 
syncope, and dehydration). An increased incidence was observed in patients 
on the 300 mg dose. The three factors associated with the largest increase in 
volume depletion-related adverse reactions were the use of loop diuretics, 
moderate renal impairment (eGFR 30 to less than 60 mL/min/1.73 m2), and age 
75 years and older (Table 2) [see Dosage and Administration (2.2) in full 
Prescribing Information, Warnings and Precautions, and Use in Specific 
Populations].
table 2:  Proportion of Patients With at Least one volume depletion-related 

adverse reaction (Pooled results from 8 clinical trials)

Baseline characteristic

comparator 
group*

%

InvoKana 
100 mg

%

InvoKana 
300 mg

%
Overall population 1.5% 2.3% 3.4%
75 years of age and older† 2.6% 4.9% 8.7%
eGFR less than  
60 mL/min/1.73 m2† 2.5% 4.7% 8.1%
Use of loop diuretic† 4.7% 3.2% 8.8%

* Includes placebo and active-comparator groups
† Patients could have more than 1 of the listed risk factors
Impairment in Renal Function: INVOKANA is associated with a dose-
dependent increase in serum creatinine and a concomitant fall in estimated 
GFR (Table 3). Patients with moderate renal impairment at baseline had larger 
mean changes.
table 3:  changes in serum creatinine and egFr associated with 

InvoKana in the Pool of Four Placebo-controlled trials and 
Moderate renal Impairment trial

Placebo
n=646

InvoKana 
100 mg
n=833

InvoKana 
300 mg
n=834

Pool of 
Four 
Placebo-
Controlled 
Trials

Baseline
Creatinine (mg/dL) 0.84 0.82 0.82

eGFR (mL/min/1.73 m2) 87.0 88.3 88.8

Week 6 
Change

Creatinine (mg/dL) 0.01 0.03 0.05
eGFR (mL/min/1.73 m2) -1.6 -3.8 -5.0

End of 
Treatment 
Change*

Creatinine (mg/dL) 0.01 0.02 0.03

eGFR (mL/min/1.73 m2) -1.6 -2.3 -3.4

Placebo
n=90

InvoKana 
100 mg
n=90

InvoKana 
300 mg
n=89

Moderate 
Renal 
Impairment 
Trial

Baseline  
Creatinine (mg/dL) 1.61 1.62 1.63
eGFR (mL/min/1.73 m2) 40.1 39.7 38.5

Week 3 
Change

Creatinine (mg/dL) 0.03 0.18 0.28
eGFR (mL/min/1.73 m2) -0.7 -4.6 -6.2

End of 
Treatment 
Change*

Creatinine (mg/dL) 0.07 0.16 0.18

eGFR (mL/min/1.73 m2) -1.5 -3.6 -4.0

* Week 26 in mITT LOCF population
In the pool of four placebo-controlled trials where patients had normal or 
mildly impaired baseline renal function, the proportion of patients who 
experienced at least one event of significant renal function decline, defined as 
an eGFR below 80 mL/min/1.73 m2 and 30% lower than baseline, was 2.1% with 
placebo, 2.0% with INVOKANA 100 mg, and 4.1% with INVOKANA 300 mg. At 
the end of treatment, 0.5% with placebo, 0.7% with INVOKANA 100 mg, and 
1.4% with INVOKANA 300 mg had a significant renal function decline.
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In a trial carried out in patients with moderate renal impairment with a 
baseline eGFR of 30 to less than 50 mL/min/1.73 m2 (mean baseline eGFR 
39 mL/min/1.73 m2) [see Clinical Studies (14.3) in full Prescribing Information], 
the proportion of patients who experienced at least one event of significant 
renal function decline, defined as an eGFR 30% lower than baseline,  
was 6.9% with placebo, 18% with INVOKANA 100  mg, and 22.5% with 
INVOKANA 300 mg. At the end of treatment, 4.6% with placebo, 3.4% with 
INVOKANA 100 mg, and 3.4% with INVOKANA 300 mg had a significant renal 
function decline. 
In a pooled population of patients with moderate renal impairment (N=1085) 
with baseline eGFR of 30 to less than 60 mL/min/1.73 m2 (mean baseline eGFR 
48 mL/min/1.73 m2), the overall incidence of these events was lower than in 
the dedicated trial but a dose-dependent increase in incident episodes of 
significant renal function decline compared to placebo was still observed.
Use of INVOKANA was associated with an increased incidence of renal-
related adverse reactions (e.g.,  increased blood creatinine, decreased 
glomerular filtration rate, renal impairment, and acute renal failure), 
particularly in patients with moderate renal impairment.
In the pooled analysis of patients with moderate renal impairment, the 
incidence of renal-related adverse reactions was 3.7% with placebo, 8.9% 
with INVOKANA 100 mg, and 9.3% with INVOKANA 300 mg. Discontinuations 
due to renal-related adverse events occurred in 1.0% with placebo, 1.2% 
with INVOKANA 100 mg, and 1.6% with INVOKANA 300 mg [see Warnings 
and Precautions].
Genital Mycotic Infections: In the pool of four placebo-controlled clinical 
trials, female genital mycotic infections (e.g., vulvovaginal mycotic infection, 
vulvovaginal candidiasis, and vulvovaginitis) occurred in 3.2%, 10.4%, and 
11.4% of females treated with placebo, INVOKANA 100 mg, and INVOKANA 
300  mg, respectively. Patients with a history of genital mycotic infections 
were more likely to develop genital mycotic infections on INVOKANA. 
Female patients who developed genital mycotic infections on INVOKANA 
were more likely to experience recurrence and require treatment with oral 
or topical antifungal agents and anti-microbial agents [see Warnings and 
Precautions].
In the pool of four placebo-controlled clinical trials, male genital mycotic 
infections (e.g., candidal balanitis, balanoposthitis) occurred in 0.6%, 4.2%, 
and 3.7% of males treated with placebo, INVOKANA 100 mg, and INVOKANA 
300  mg, respectively. Male genital mycotic infections occurred more 
commonly in uncircumcised males and in males with a prior history of 
balanitis or balanoposthitis. Male patients who developed genital mycotic 
infections on INVOKANA were more likely to experience recurrent 
infections (22% on INVOKANA versus none on placebo), and require 
treatment with oral or topical antifungal agents and anti-microbial agents 
than patients on comparators. In the pooled analysis of 8 controlled trials, 
phimosis was reported in 0.3% of uncircumcised male patients treated with 
INVOKANA and 0.2% required circumcision to treat the phimosis [see 
Warnings and Precautions].
Hypoglycemia: In all clinical trials, hypoglycemia was defined as any event 
regardless of symptoms, where biochemical hypoglycemia was documented 
(any glucose value below or equal to 70 mg/dL). Severe hypoglycemia was 
defined as an event consistent with hypoglycemia where the patient 
required the assistance of another person to recover, lost consciousness, or 
experienced a seizure (regardless of whether biochemical documentation of 
a low glucose value was obtained). In individual clinical trials [see Clinical 
Studies  (14) in full Prescribing Information], episodes of hypoglycemia 
occurred at a higher rate when INVOKANA was co-administered with 
insulin or sulfonylureas (Table 4) [see Warnings and Precautions].
table 4:  Incidence of Hypoglycemia* in controlled clinical studies
Monotherapy
(26 weeks)

Placebo
(n=192)

InvoKana 100 mg
(n=195)

InvoKana 300 mg
(n=197)

Overall [N (%)] 5 (2.6) 7 (3.6) 6 (3.0)
In combination 
with Metformin
(26 weeks)

Placebo +  
Metformin

(n=183)

InvoKana 100 mg + 
Metformin

(n=368)

InvoKana 300 mg + 
Metformin

(n=367)

Overall [N (%)] 3 (1.6) 16 (4.3) 17 (4.6)
Severe [N (%)]† 0 (0) 1 (0.3) 1 (0.3)
In combination 
with Metformin
(52 weeks)

glimepiride + 
Metformin

(n=482)

InvoKana 100 mg + 
Metformin

(n=483)

InvoKana 300 mg + 
Metformin

(n=485)
Overall [N (%)] 165 (34.2) 27 (5.6) 24 (4.9)
Severe [N (%)]† 15 (3.1) 2 (0.4) 3 (0.6)
In combination 
with sulfonylurea
(18 weeks)

Placebo + 
sulfonylurea

(n=69)

InvoKana 100 mg
+ sulfonylurea

(n=74)

InvoKana 300 mg
+ sulfonylurea

(n=72)
Overall [N (%)] 4 (5.8) 3 (4.1) 9 (12.5)
In combination 
with Metformin + 
sulfonylurea
(26 weeks)

Placebo +  
Metformin + 
sulfonylurea

(n=156)

InvoKana 100 mg + 
Metformin

+ sulfonylurea
(n=157)

InvoKana 300 mg + 
Metformin + 
sulfonylurea

(n=156)
Overall [N (%)] 24 (15.4) 43 (27.4) 47 (30.1)
Severe [N (%)]† 1 (0.6) 1 (0.6) 0

table 4:  Incidence of Hypoglycemia* in controlled clinical studies 
(continued)

In combination 
with Metformin + 
sulfonylurea
(52 weeks)

sitagliptin + 
Metformin + 
sulfonylurea

(n=378)

InvoKana 300 mg + 
Metformin + 
sulfonylurea

(n=377)
Overall [N (%)] 154 (40.7) 163 (43.2)
Severe [N (%)]† 13 (3.4) 15 (4.0)
In combination 
with Metformin + 
Pioglitazone
(26 weeks)

Placebo + 
Metformin + 
Pioglitazone

(n=115)

InvoKana 100 mg + 
Metformin + 
Pioglitazone

(n=113)

InvoKana 300 mg + 
Metformin + 
Pioglitazone

(n=114)
Overall [N (%)] 3 (2.6) 3 (2.7) 6 (5.3)
In combination 
with Insulin
(18 weeks)

Placebo
(n=565)

InvoKana 100 mg
(n=566)

InvoKana 300 mg
(n=587)

Overall [N (%)] 208 (36.8) 279 (49.3) 285 (48.6)
Severe [N (%)]† 14 (2.5) 10 (1.8) 16 (2.7)

* Number of patients experiencing at least one event of hypoglycemia 
based on either biochemically documented episodes or severe 
hypoglycemic events in the intent-to-treat population

† Severe episodes of hypoglycemia were defined as those where the patient 
required the assistance of another person to recover, lost consciousness, 
or experienced a seizure (regardless of whether biochemical 
documentation of a low glucose value was obtained)

Laboratory Tests: Increases in Serum Potassium: Dose-related, transient 
mean increases in serum potassium were observed early after initiation of 
INVOKANA (i.e., within 3  weeks) in a trial of patients with moderate renal 
impairment [see Clinical Studies (14.3) in full Prescribing Information]. In this 
trial, increases in serum potassium of greater than 5.4 mEq/L and 15% above 
baseline occurred in 16.1%, 12.4%, and 27.0% of patients treated with 
placebo, INVOKANA 100  mg, and INVOKANA 300  mg, respectively. More 
severe elevations (i.e.,  equal or greater than 6.5  mEq/L) occurred in 1.1%, 
2.2%,  and 2.2%  of patients treated with placebo, INVOKANA 100  mg, and 
INVOKANA 300  mg, respectively. In patients with moderate renal 
impairment, increases in potassium were more commonly seen in those with 
elevated potassium at baseline and in those using medications that reduce 
potassium excretion, such as potassium-sparing diuretics, angiotensin-
converting-enzyme inhibitors, and angiotensin-receptor blockers [see 
Warnings and Precautions].
Increases in Serum Magnesium: Dose-related increases in serum 
magnesium were observed early after initiation of INVOKANA (within 6 
weeks) and remained elevated throughout treatment. In the pool of four 
placebo-controlled trials, the mean change in serum magnesium levels was 
8.1% and 9.3% with INVOKANA 100 mg and INVOKANA 300 mg, respectively, 
compared to -0.6% with placebo. In a  trial of patients with moderate renal 
impairment [see Clinical Studies (14.3) in full Prescribing Information], serum 
magnesium levels increased by 0.2%, 9.2%, and 14.8% with placebo, 
INVOKANA 100 mg, and INVOKANA 300 mg, respectively.
Increases in Serum Phosphate: Dose-related increases in serum phosphate 
levels were observed with INVOKANA. In the pool of four placebo controlled 
trials, the mean change in serum phosphate levels were 3.6% and 5.1% with 
INVOKANA 100  mg and INVOKANA 300  mg, respectively, compared to 
1.5% with placebo. In a trial of patients with moderate renal impairment [see 
Clinical Studies (14.3) in full Prescribing Information], the mean serum 
phosphate levels increased by 1.2%, 5.0%, and 9.3% with placebo, 
INVOKANA 100 mg, and INVOKANA 300 mg, respectively.
Increases in Low-Density Lipoprotein Cholesterol (LDL-C) and non-High-
Density Lipoprotein Cholesterol (non-HDL-C):  In the pool of four placebo-
controlled trials, dose-related increases in LDL-C with INVOKANA were 
observed. Mean changes (percent changes) from baseline in LDL-C relative 
to placebo were 4.4  mg/dL (4.5%) and 8.2  mg/dL (8.0%)  with INVOKANA 
100  mg and INVOKANA 300  mg, respectively. The mean baseline LDL-C 
levels were 104  to 110  mg/dL across treatment groups [see Warnings and 
Precautions].
Dose-related increases in non-HDL-C with INVOKANA were observed. 
Mean changes (percent changes) from baseline in non-HDL-C relative to 
placebo were 2.1 mg/dL (1.5%) and 5.1 mg/dL (3.6%) with INVOKANA 100 mg 
and 300 mg, respectively. The mean baseline non-HDL-C levels were 140 to 
147 mg/dL across treatment groups.
Increases in Hemoglobin: In the pool of four placebo-controlled trials, mean 
changes (percent changes) from baseline in hemoglobin were -0.18  g/dL 
(-1.1%) with placebo, 0.47 g/dL (3.5%) with INVOKANA 100 mg, and 0.51 g/dL 
(3.8%) with INVOKANA 300 mg. The mean baseline hemoglobin value was 
approximately 14.1 g/dL across treatment groups. At the end of treatment, 
0.8%, 4.0%, and 2.7% of patients treated with placebo, INVOKANA 100 mg, 
and INVOKANA 300 mg, respectively, had hemoglobin above the upper limit 
of normal.
drUg InteractIons
Ugt enzyme Inducers: Rifampin: Co-administration of canagliflozin  
with rifampin, a nonselective inducer of several UGT enzymes, including 
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INVOKANA of 24  weeks. Patients received INVOKANA 100  mg (N=833), 
INVOKANA 300 mg (N=834) or placebo (N=646) once daily. The mean age of 
the population was 56  years and 2%  were older than 75  years of age.  
Fifty percent (50%) of the population was male and 72%  were  
Caucasian, 12%  were Asian, and 5%  were Black or African American. At 
baseline the population had diabetes for an average of 7.3  years, had 
a mean HbA1C of 8.0%  and 20%  had established microvascular 
complications of diabetes. Baseline renal function was normal or mildly 
impaired (mean eGFR 88 mL/min/1.73 m2). 
Table  1 shows common adverse reactions associated with the use of 
INVOKANA. These adverse reactions were not present at baseline, 
occurred more commonly on INVOKANA than on placebo, and occurred  
in at least 2% of patients treated with either INVOKANA 100  mg or 
INVOKANA 300 mg. 
table 1:  adverse reactions From Pool of Four 26−Week Placebo-controlled 

studies reported in ≥ 2% of InvoKana-treated Patients*

Adverse Reaction
Placebo
n=646 

InvoKana
100 mg
n=833

InvoKana
300 mg
n=834

Female genital mycotic 
infections†

3.2% 10.4% 11.4%

Urinary tract infections‡ 4.0% 5.9% 4.3%
Increased urination§ 0.8% 5.3% 4.6%
Male genital mycotic 
infections¶

0.6% 4.2% 3.7%

Vulvovaginal pruritus 0.0% 1.6% 3.0%
Thirst# 0.2% 2.8% 2.3%
Constipation 0.9% 1.8% 2.3%
Nausea 1.5% 2.2% 2.3%

* The four placebo-controlled trials included one monotherapy trial and 
three add-on combination trials with metformin, metformin and 
sulfonylurea, or metformin and pioglitazone.

† Female genital mycotic infections include the following adverse reactions: 
Vulvovaginal candidiasis, Vulvovaginal mycotic infection, Vulvovaginitis, 
Vaginal infection, Vulvitis, and Genital infection fungal. Percentages 
calculated with the number of female subjects in each group as 
denominator: placebo (N=312), INVOKANA 100 mg (N=425), and INVOKANA 
300 mg (N=430).

‡ Urinary tract infections include the following adverse reactions: Urinary tract 
infection, Cystitis, Kidney infection, and Urosepsis.

§ Increased urination includes the following adverse reactions: Polyuria, 
Pollakiuria, Urine output increased, Micturition urgency, and Nocturia.

¶ Male genital mycotic infections include the following adverse reactions: 
Balanitis or Balanoposthitis, Balanitis candida, and Genital infection 
fungal. Percentages calculated with the number of male subjects in each 
group as denominator: placebo (N=334), INVOKANA 100 mg (N=408), and 
INVOKANA 300 mg (N=404).

# Thirst includes the following adverse reactions: Thirst, Dry mouth, and 
Polydipsia.

Abdominal pain was also more commonly reported in patients taking 
INVOKANA 100 mg (1.8%), 300 mg (1.7%) than in patients taking placebo (0.8%). 
Pool of Placebo- and Active-Controlled Trials: The occurrence of adverse 
reactions was also evaluated in a larger pool of patients participating in 
placebo- and active-controlled trials.
The data combined eight clinical trials [see Clinical Studies  (14) in full 
Prescribing Information] and reflect exposure of 6177  patients to 
INVOKANA. The mean duration of exposure to INVOKANA was 38  weeks 
with 1832  individuals exposed to INVOKANA for greater than 50  weeks. 
Patients received INVOKANA 100 mg (N=3092), INVOKANA 300 mg (N=3085) 
or comparator (N=3262) once daily. The mean age of the population was 
60 years and 5% were older than 75 years of age. Fifty-eight percent (58%) of 
the population was male and 73%  were Caucasian, 16%  were Asian, and 
4%  were Black or African American. At baseline, the population had 
diabetes for an average of 11  years, had a mean HbA1C of 8.0% and 33% 
had established microvascular complications of diabetes. Baseline renal 
function was normal or mildly impaired (mean eGFR 81 mL/min/1.73 m2).
The types and frequency of common adverse reactions observed in the 
pool of eight clinical trials were consistent with those listed in Table 1. In 
this pool, INVOKANA was also associated with the adverse reactions of 
fatigue (1.7% with comparator, 2.2% with INVOKANA 100  mg, and 2.0%  
with INVOKANA 300  mg) and loss of strength or energy (i.e., asthenia) 
(0.6% with comparator, 0.7% with INVOKANA 100  mg, and 1.1% with 
INVOKANA 300 mg).
In the pool of eight clinical trials, the incidence rate of pancreatitis (acute or 
chronic) was 0.9, 2.7, and 0.9 per 1000 patient-years of exposure to 
comparator, INVOKANA 100 mg, and INVOKANA 300 mg, respectively.
In the pool of eight clinical trials with a longer mean duration of exposure to 
INVOKANA (68 weeks), the incidence rate of bone fracture was 14.2, 18.7, 
and 17.6 per 1000 patient years of exposure to comparator, INVOKANA  

100 mg, and INVOKANA 300 mg, respectively. Upper extremity fractures 
occurred more commonly on INVOKANA than comparator.
In the pool of eight clinical trials, hypersensitivity-related adverse reactions 
(including erythema, rash, pruritus, urticaria, and angioedema) occurred in 
3.0%, 3.8%, and 4.2% of patients receiving comparator, INVOKANA 100 mg, 
and INVOKANA 300  mg, respectively. Five patients experienced serious 
adverse reactions of hypersensitivity with INVOKANA, which included 
4  patients with urticaria and 1  patient with a diffuse rash and urticaria 
occurring within hours of exposure to INVOKANA. Among these patients, 
2  patients discontinued INVOKANA. One patient with urticaria had 
recurrence when INVOKANA was re-initiated.
Photosensitivity-related adverse reactions (including photosensitivity 
reaction, polymorphic light eruption, and sunburn) occurred in 0.1%, 0.2%, 
and 0.2% of patients receiving comparator, INVOKANA 100  mg, and 
INVOKANA 300 mg, respectively.
Other adverse reactions occurring more frequently on INVOKANA than on 
comparator were:
Volume Depletion-Related Adverse Reactions: INVOKANA results in an 
osmotic diuresis, which may lead to reductions in intravascular volume. In 
clinical studies, treatment with INVOKANA was associated with a dose-
dependent increase in the incidence of volume depletion-related adverse 
reactions (e.g., hypotension, postural dizziness, orthostatic hypotension, 
syncope, and dehydration). An increased incidence was observed in patients 
on the 300 mg dose. The three factors associated with the largest increase in 
volume depletion-related adverse reactions were the use of loop diuretics, 
moderate renal impairment (eGFR 30 to less than 60 mL/min/1.73 m2), and age 
75 years and older (Table 2) [see Dosage and Administration (2.2) in full 
Prescribing Information, Warnings and Precautions, and Use in Specific 
Populations].
table 2:  Proportion of Patients With at Least one volume depletion-related 

adverse reaction (Pooled results from 8 clinical trials)

Baseline characteristic

comparator 
group*

%

InvoKana 
100 mg

%

InvoKana 
300 mg

%
Overall population 1.5% 2.3% 3.4%
75 years of age and older† 2.6% 4.9% 8.7%
eGFR less than  
60 mL/min/1.73 m2† 2.5% 4.7% 8.1%
Use of loop diuretic† 4.7% 3.2% 8.8%

* Includes placebo and active-comparator groups
† Patients could have more than 1 of the listed risk factors
Impairment in Renal Function: INVOKANA is associated with a dose-
dependent increase in serum creatinine and a concomitant fall in estimated 
GFR (Table 3). Patients with moderate renal impairment at baseline had larger 
mean changes.
table 3:  changes in serum creatinine and egFr associated with 

InvoKana in the Pool of Four Placebo-controlled trials and 
Moderate renal Impairment trial

Placebo
n=646

InvoKana 
100 mg
n=833

InvoKana 
300 mg
n=834

Pool of 
Four 
Placebo-
Controlled 
Trials

Baseline
Creatinine (mg/dL) 0.84 0.82 0.82

eGFR (mL/min/1.73 m2) 87.0 88.3 88.8

Week 6 
Change

Creatinine (mg/dL) 0.01 0.03 0.05
eGFR (mL/min/1.73 m2) -1.6 -3.8 -5.0

End of 
Treatment 
Change*

Creatinine (mg/dL) 0.01 0.02 0.03

eGFR (mL/min/1.73 m2) -1.6 -2.3 -3.4

Placebo
n=90

InvoKana 
100 mg
n=90

InvoKana 
300 mg
n=89

Moderate 
Renal 
Impairment 
Trial

Baseline  
Creatinine (mg/dL) 1.61 1.62 1.63
eGFR (mL/min/1.73 m2) 40.1 39.7 38.5

Week 3 
Change

Creatinine (mg/dL) 0.03 0.18 0.28
eGFR (mL/min/1.73 m2) -0.7 -4.6 -6.2

End of 
Treatment 
Change*

Creatinine (mg/dL) 0.07 0.16 0.18

eGFR (mL/min/1.73 m2) -1.5 -3.6 -4.0

* Week 26 in mITT LOCF population
In the pool of four placebo-controlled trials where patients had normal or 
mildly impaired baseline renal function, the proportion of patients who 
experienced at least one event of significant renal function decline, defined as 
an eGFR below 80 mL/min/1.73 m2 and 30% lower than baseline, was 2.1% with 
placebo, 2.0% with INVOKANA 100 mg, and 4.1% with INVOKANA 300 mg. At 
the end of treatment, 0.5% with placebo, 0.7% with INVOKANA 100 mg, and 
1.4% with INVOKANA 300 mg had a significant renal function decline.
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In a trial carried out in patients with moderate renal impairment with a 
baseline eGFR of 30 to less than 50 mL/min/1.73 m2 (mean baseline eGFR 
39 mL/min/1.73 m2) [see Clinical Studies (14.3) in full Prescribing Information], 
the proportion of patients who experienced at least one event of significant 
renal function decline, defined as an eGFR 30% lower than baseline,  
was 6.9% with placebo, 18% with INVOKANA 100  mg, and 22.5% with 
INVOKANA 300 mg. At the end of treatment, 4.6% with placebo, 3.4% with 
INVOKANA 100 mg, and 3.4% with INVOKANA 300 mg had a significant renal 
function decline. 
In a pooled population of patients with moderate renal impairment (N=1085) 
with baseline eGFR of 30 to less than 60 mL/min/1.73 m2 (mean baseline eGFR 
48 mL/min/1.73 m2), the overall incidence of these events was lower than in 
the dedicated trial but a dose-dependent increase in incident episodes of 
significant renal function decline compared to placebo was still observed.
Use of INVOKANA was associated with an increased incidence of renal-
related adverse reactions (e.g.,  increased blood creatinine, decreased 
glomerular filtration rate, renal impairment, and acute renal failure), 
particularly in patients with moderate renal impairment.
In the pooled analysis of patients with moderate renal impairment, the 
incidence of renal-related adverse reactions was 3.7% with placebo, 8.9% 
with INVOKANA 100 mg, and 9.3% with INVOKANA 300 mg. Discontinuations 
due to renal-related adverse events occurred in 1.0% with placebo, 1.2% 
with INVOKANA 100 mg, and 1.6% with INVOKANA 300 mg [see Warnings 
and Precautions].
Genital Mycotic Infections: In the pool of four placebo-controlled clinical 
trials, female genital mycotic infections (e.g., vulvovaginal mycotic infection, 
vulvovaginal candidiasis, and vulvovaginitis) occurred in 3.2%, 10.4%, and 
11.4% of females treated with placebo, INVOKANA 100 mg, and INVOKANA 
300  mg, respectively. Patients with a history of genital mycotic infections 
were more likely to develop genital mycotic infections on INVOKANA. 
Female patients who developed genital mycotic infections on INVOKANA 
were more likely to experience recurrence and require treatment with oral 
or topical antifungal agents and anti-microbial agents [see Warnings and 
Precautions].
In the pool of four placebo-controlled clinical trials, male genital mycotic 
infections (e.g., candidal balanitis, balanoposthitis) occurred in 0.6%, 4.2%, 
and 3.7% of males treated with placebo, INVOKANA 100 mg, and INVOKANA 
300  mg, respectively. Male genital mycotic infections occurred more 
commonly in uncircumcised males and in males with a prior history of 
balanitis or balanoposthitis. Male patients who developed genital mycotic 
infections on INVOKANA were more likely to experience recurrent 
infections (22% on INVOKANA versus none on placebo), and require 
treatment with oral or topical antifungal agents and anti-microbial agents 
than patients on comparators. In the pooled analysis of 8 controlled trials, 
phimosis was reported in 0.3% of uncircumcised male patients treated with 
INVOKANA and 0.2% required circumcision to treat the phimosis [see 
Warnings and Precautions].
Hypoglycemia: In all clinical trials, hypoglycemia was defined as any event 
regardless of symptoms, where biochemical hypoglycemia was documented 
(any glucose value below or equal to 70 mg/dL). Severe hypoglycemia was 
defined as an event consistent with hypoglycemia where the patient 
required the assistance of another person to recover, lost consciousness, or 
experienced a seizure (regardless of whether biochemical documentation of 
a low glucose value was obtained). In individual clinical trials [see Clinical 
Studies  (14) in full Prescribing Information], episodes of hypoglycemia 
occurred at a higher rate when INVOKANA was co-administered with 
insulin or sulfonylureas (Table 4) [see Warnings and Precautions].
table 4:  Incidence of Hypoglycemia* in controlled clinical studies
Monotherapy
(26 weeks)

Placebo
(n=192)

InvoKana 100 mg
(n=195)

InvoKana 300 mg
(n=197)

Overall [N (%)] 5 (2.6) 7 (3.6) 6 (3.0)
In combination 
with Metformin
(26 weeks)

Placebo +  
Metformin

(n=183)

InvoKana 100 mg + 
Metformin

(n=368)

InvoKana 300 mg + 
Metformin

(n=367)

Overall [N (%)] 3 (1.6) 16 (4.3) 17 (4.6)
Severe [N (%)]† 0 (0) 1 (0.3) 1 (0.3)
In combination 
with Metformin
(52 weeks)

glimepiride + 
Metformin

(n=482)

InvoKana 100 mg + 
Metformin

(n=483)

InvoKana 300 mg + 
Metformin

(n=485)
Overall [N (%)] 165 (34.2) 27 (5.6) 24 (4.9)
Severe [N (%)]† 15 (3.1) 2 (0.4) 3 (0.6)
In combination 
with sulfonylurea
(18 weeks)

Placebo + 
sulfonylurea

(n=69)

InvoKana 100 mg
+ sulfonylurea

(n=74)

InvoKana 300 mg
+ sulfonylurea

(n=72)
Overall [N (%)] 4 (5.8) 3 (4.1) 9 (12.5)
In combination 
with Metformin + 
sulfonylurea
(26 weeks)

Placebo +  
Metformin + 
sulfonylurea

(n=156)

InvoKana 100 mg + 
Metformin

+ sulfonylurea
(n=157)

InvoKana 300 mg + 
Metformin + 
sulfonylurea

(n=156)
Overall [N (%)] 24 (15.4) 43 (27.4) 47 (30.1)
Severe [N (%)]† 1 (0.6) 1 (0.6) 0

table 4:  Incidence of Hypoglycemia* in controlled clinical studies 
(continued)

In combination 
with Metformin + 
sulfonylurea
(52 weeks)

sitagliptin + 
Metformin + 
sulfonylurea

(n=378)

InvoKana 300 mg + 
Metformin + 
sulfonylurea

(n=377)
Overall [N (%)] 154 (40.7) 163 (43.2)
Severe [N (%)]† 13 (3.4) 15 (4.0)
In combination 
with Metformin + 
Pioglitazone
(26 weeks)

Placebo + 
Metformin + 
Pioglitazone

(n=115)

InvoKana 100 mg + 
Metformin + 
Pioglitazone

(n=113)

InvoKana 300 mg + 
Metformin + 
Pioglitazone

(n=114)
Overall [N (%)] 3 (2.6) 3 (2.7) 6 (5.3)
In combination 
with Insulin
(18 weeks)

Placebo
(n=565)

InvoKana 100 mg
(n=566)

InvoKana 300 mg
(n=587)

Overall [N (%)] 208 (36.8) 279 (49.3) 285 (48.6)
Severe [N (%)]† 14 (2.5) 10 (1.8) 16 (2.7)

* Number of patients experiencing at least one event of hypoglycemia 
based on either biochemically documented episodes or severe 
hypoglycemic events in the intent-to-treat population

† Severe episodes of hypoglycemia were defined as those where the patient 
required the assistance of another person to recover, lost consciousness, 
or experienced a seizure (regardless of whether biochemical 
documentation of a low glucose value was obtained)

Laboratory Tests: Increases in Serum Potassium: Dose-related, transient 
mean increases in serum potassium were observed early after initiation of 
INVOKANA (i.e., within 3  weeks) in a trial of patients with moderate renal 
impairment [see Clinical Studies (14.3) in full Prescribing Information]. In this 
trial, increases in serum potassium of greater than 5.4 mEq/L and 15% above 
baseline occurred in 16.1%, 12.4%, and 27.0% of patients treated with 
placebo, INVOKANA 100  mg, and INVOKANA 300  mg, respectively. More 
severe elevations (i.e.,  equal or greater than 6.5  mEq/L) occurred in 1.1%, 
2.2%,  and 2.2%  of patients treated with placebo, INVOKANA 100  mg, and 
INVOKANA 300  mg, respectively. In patients with moderate renal 
impairment, increases in potassium were more commonly seen in those with 
elevated potassium at baseline and in those using medications that reduce 
potassium excretion, such as potassium-sparing diuretics, angiotensin-
converting-enzyme inhibitors, and angiotensin-receptor blockers [see 
Warnings and Precautions].
Increases in Serum Magnesium: Dose-related increases in serum 
magnesium were observed early after initiation of INVOKANA (within 6 
weeks) and remained elevated throughout treatment. In the pool of four 
placebo-controlled trials, the mean change in serum magnesium levels was 
8.1% and 9.3% with INVOKANA 100 mg and INVOKANA 300 mg, respectively, 
compared to -0.6% with placebo. In a  trial of patients with moderate renal 
impairment [see Clinical Studies (14.3) in full Prescribing Information], serum 
magnesium levels increased by 0.2%, 9.2%, and 14.8% with placebo, 
INVOKANA 100 mg, and INVOKANA 300 mg, respectively.
Increases in Serum Phosphate: Dose-related increases in serum phosphate 
levels were observed with INVOKANA. In the pool of four placebo controlled 
trials, the mean change in serum phosphate levels were 3.6% and 5.1% with 
INVOKANA 100  mg and INVOKANA 300  mg, respectively, compared to 
1.5% with placebo. In a trial of patients with moderate renal impairment [see 
Clinical Studies (14.3) in full Prescribing Information], the mean serum 
phosphate levels increased by 1.2%, 5.0%, and 9.3% with placebo, 
INVOKANA 100 mg, and INVOKANA 300 mg, respectively.
Increases in Low-Density Lipoprotein Cholesterol (LDL-C) and non-High-
Density Lipoprotein Cholesterol (non-HDL-C):  In the pool of four placebo-
controlled trials, dose-related increases in LDL-C with INVOKANA were 
observed. Mean changes (percent changes) from baseline in LDL-C relative 
to placebo were 4.4  mg/dL (4.5%) and 8.2  mg/dL (8.0%)  with INVOKANA 
100  mg and INVOKANA 300  mg, respectively. The mean baseline LDL-C 
levels were 104  to 110  mg/dL across treatment groups [see Warnings and 
Precautions].
Dose-related increases in non-HDL-C with INVOKANA were observed. 
Mean changes (percent changes) from baseline in non-HDL-C relative to 
placebo were 2.1 mg/dL (1.5%) and 5.1 mg/dL (3.6%) with INVOKANA 100 mg 
and 300 mg, respectively. The mean baseline non-HDL-C levels were 140 to 
147 mg/dL across treatment groups.
Increases in Hemoglobin: In the pool of four placebo-controlled trials, mean 
changes (percent changes) from baseline in hemoglobin were -0.18  g/dL 
(-1.1%) with placebo, 0.47 g/dL (3.5%) with INVOKANA 100 mg, and 0.51 g/dL 
(3.8%) with INVOKANA 300 mg. The mean baseline hemoglobin value was 
approximately 14.1 g/dL across treatment groups. At the end of treatment, 
0.8%, 4.0%, and 2.7% of patients treated with placebo, INVOKANA 100 mg, 
and INVOKANA 300 mg, respectively, had hemoglobin above the upper limit 
of normal.
drUg InteractIons
Ugt enzyme Inducers: Rifampin: Co-administration of canagliflozin  
with rifampin, a nonselective inducer of several UGT enzymes, including 
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UGT1A9, UGT2B4, decreased canagliflozin area under the curve (AUC) by 
51%. This decrease in exposure to canagliflozin may decrease efficacy. If 
an inducer of these UGTs (e.g., rifampin, phenytoin, phenobarbital, ritonavir) 
must be co-administered with INVOKANA (canagliflozin), consider 
increasing the dose to 300  mg once daily if patients are currently  
tolerating INVOKANA 100  mg once daily, have an eGFR greater than  
60 mL/min/1.73 m2, and require additional glycemic control. Consider other 
antihyperglycemic therapy in patients with an eGFR of 45 to less than  
60  mL/min/1.73  m2 receiving concurrent therapy with a UGT inducer and 
require additional glycemic control [see Dosage and Administration (2.3) 
and Clinical Pharmacology (12.3) in full Prescribing Information].
digoxin: There was an increase in the AUC and mean peak drug concen-
tration (Cmax) of digoxin (20% and 36%, respectively) when co-administered 
with INVOKANA 300 mg [see Clinical Pharmacology (12.3) in full Prescribing 
Information]. Patients taking INVOKANA with concomitant digoxin should be 
monitored appropriately.
Use In sPecIFIc PoPULatIons
Pregnancy: Teratogenic Effects: Pregnancy Category C: There are no 
adequate and well-controlled studies of INVOKANA in pregnant women. 
Based on results from rat studies, canagliflozin may affect renal 
development and maturation. In a juvenile rat study, increased kidney 
weights and renal pelvic and tubular dilatation were evident at greater than 
or equal to 0.5 times clinical exposure from a 300 mg dose [see Nonclinical 
Toxicology (13.2) in full Prescribing Information].
These outcomes occurred with drug exposure during periods of animal 
development that correspond to the late second and third trimester of 
human development. During pregnancy, consider appropriate alternative 
therapies, especially during the second and third trimesters. INVOKANA 
should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus.
nursing Mothers: It is not known if INVOKANA is excreted in human milk. 
INVOKANA is secreted in the milk of lactating rats reaching levels 1.4 times 
higher than that in maternal plasma. Data in juvenile rats directly exposed 
to INVOKANA showed risk to the developing kidney (renal pelvic and 
tubular dilatations) during maturation. Since human kidney maturation 
occurs in utero and during the first 2 years of life when lactational exposure 
may occur, there may be risk to the developing human kidney. Because 
many drugs are excreted in human milk and because of the potential for 
serious adverse reactions in nursing infants from INVOKANA, a decision 
should be made whether to discontinue nursing or to discontinue 
INVOKANA, taking into account the importance of the drug to the mother 
[see Nonclinical Toxicology (13.2) in full Prescribing Information].
Pediatric Use: Safety and effectiveness of INVOKANA in pediatric patients 
under 18 years of age have not been established.
geriatric Use: Two thousand thirty-four (2034) patients 65 years and older, 
and 345  patients 75  years and older were exposed to INVOKANA in nine 
clinical studies of INVOKANA [see Clinical Studies (14.3) in full Prescribing 
Information]. 
Patients 65  years and older had a higher incidence of adverse reactions 
related to reduced intravascular volume with INVOKANA (such as 
hypotension, postural dizziness, ortho static hypotension, syncope, and 
dehydration), particularly with the 300 mg daily dose, compared to younger 
patients; more prominent increase in the incidence was seen in patients 
who were 75  years and older [see Dosage and Administration (2.1) in full 
Prescribing Information and Adverse Reactions]. Smaller reductions in 
HbA1C with INVOKANA relative to placebo were seen in older (65 years and 
older; -0.61% with INVOKANA 100 mg and -0.74% with INVOKANA 300 mg 
relative to placebo) compared to younger patients (-0.72% with INVOKANA 
100 mg and -0.87% with INVOKANA 300 mg relative to placebo).
renal Impairment: The efficacy and safety of INVOKANA were evaluated in 
a study that included patients with moderate renal impairment (eGFR 30 to 
less than 50  mL/min/1.73  m2) [see Clinical Studies  (14.3) in full Prescribing 
Information]. These patients had less overall glycemic efficacy and had a 
higher occurrence of adverse reactions related to reduced intravascular 
volume, renal-related adverse reactions, and decreases in eGFR compared 
to patients with mild renal impairment or normal renal function (eGFR 
greater than or equal to 60  mL/min/1.73  m2); patients treated with 
INVOKANA 300 mg were more likely to experience increases in potassium 
[see Dosage and Administration (2.2) in full Prescribing Information, 
Warnings and Precautions, and Adverse Reactions].
The efficacy and safety of INVOKANA have not been established in patients 
with severe renal impairment (eGFR less than 30 mL/min/1.73 m2), with ESRD, 
or receiving dialysis. INVOKANA is not expected to be effective in these 
patient populations [see Contraindications and Clinical Pharmacology (12.3) 
in full Prescribing Information].
Hepatic Impairment: No dosage adjustment is necessary in patients with 
mild or moderate hepatic impairment. The use of INVOKANA has not  
been studied in patients with severe hepatic impairment and is therefore  
not recommended [see Clinical Pharmacology  (12.3) in full Prescribing 
Information].

overdosage
There were no reports of overdose during the clinical development program 
of INVOKANA (canagliflozin).
In the event of an overdose, contact the Poison Control Center. It is also 
reasonable to employ the usual supportive measures, e.g., remove 
unabsorbed material from the gastrointestinal tract, employ clinical 
monitoring, and institute supportive treatment as dictated by the patient’s 
clinical status. Canagliflozin was negligibly removed during a 4-hour 
hemodialysis session. Canagliflozin is not expected to be dialyzable by 
peritoneal dialysis.
PatIent coUnseLIng InForMatIon
See FDA-approved patient labeling (Medication Guide).
Instructions: Instruct patients to read the Medication Guide before starting 
INVOKANA (canagliflozin) therapy and to reread it each time the 
prescription is renewed.
Inform patients of the potential risks and benefits of INVOKANA and of 
alternative modes of therapy. Also inform patients about the importance of 
adherence to dietary instructions, regular physical activity, periodic blood 
glucose monitoring and HbA1C testing, recognition and management of 
hypoglycemia and hyperglycemia, and assessment for diabetes 
complications. Advise patients to seek medical advice promptly during 
periods of stress such as fever, trauma, infection, or surgery, as medication 
requirements may change.
Instruct patients to take INVOKANA only as prescribed. If a dose is missed, 
advise patients to take it as soon as it is remembered unless  
it is almost time for the next dose, in which case patients should  
skip the missed dose and take the medicine at the next regularly scheduled 
time. Advise patients not to take two doses of INVOKANA at the same time.
Inform patients that the most common adverse reactions associated with 
INVOKANA are genital mycotic infection, urinary tract infection, and 
increased urination.
Inform female patients of child bearing age that the use of INVOKANA 
during pregnancy has not been studied in humans, and that INVOKANA 
should only be used during pregnancy only if the potential benefit justifies 
the potential risk to the fetus. Instruct patients to report pregnancies to their 
physicians as soon as possible.
Inform nursing mothers to discontinue INVOKANA or nursing, taking into 
account the importance of drug to the mother.
Laboratory Tests: Due to its mechanism of action, patients taking INVOKANA 
will test positive for glucose in their urine.
Hypotension: Inform patients that symptomatic hypotension may occur with 
INVOKANA and advise them to contact their doctor if they experience such 
symptoms [see Warnings and Precautions]. Inform patients that dehydration 
may increase the risk for hypotension, and to have adequate fluid intake.
Genital Mycotic Infections in Females (e.g., Vulvovaginitis): Inform female 
patients that vaginal yeast infection may occur and provide them with 
information on the signs and symptoms of vaginal yeast infection. Advise 
them of treatment options and when to seek medical advice [see Warnings 
and Precautions].
Genital Mycotic Infections in Males (e.g., Balanitis or Balanoposthitis): 
Inform male patients that yeast infection of penis (e.g., balanitis or 
balanoposthitis) may occur, especially in uncircumcised males and patients 
with prior history. Provide them with information on the signs and symptoms 
of balanitis and balanoposthitis (rash or redness of the glans or foreskin of 
the penis). Advise them of treatment options and when to seek medical 
advice [see Warnings and Precautions].
Hypersensitivity Reactions: Inform patients that serious hypersensitivity 
reactions such as urticaria and rash have been reported with INVOKANA. 
Advise patients to report immediately any signs or symptoms suggesting 
allergic reaction or angioedema, and to take no more drug until they have 
consulted prescribing physicians.
Urinary Tract Infections: Inform patients of the potential for urinary tract 
infections. Provide them with information on the symptoms of urinary tract 
infections. Advise them to seek medical advice if such symptoms occur.
Active ingredient made in Belgium
Manufactured for:
Janssen Pharmaceuticals, Inc.
Titusville, NJ 08560
Finished product manufactured by:
Janssen Ortho, LLC
Gurabo, PR 00778
Licensed from Mitsubishi Tanabe Pharma Corporation
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Canagliflozin
Characteristics of people with type 2 diabetes mellitus 
initiating canagliflozin in the real world

Martin et al presented the results of a study of real-world changes 
in medication use among patients who initiated treatment with 
the sodium-glucose cotransporter 2 (SGLT2) inhibitor canagli-
flozin.1

In the retrospective study of insurance records, investigators 
analyzed outcomes among patients taking either 100-mg or 300-
mg doses of canagliflozin daily. The study included the records of 
3234 patients with type 2 diabetes mellitus (T2DM); the average 
age was 56 years (SD: 9.7), and the majority of patients (57%) 
were male.1

Investigators measured variables such as the change in medica-
tion use and change in A1C levels 6 months before and 3 months 
after receiving a prescription for canagliflozin.1

 • Among patients with evaluable A1C levels before and af-
ter initiation of canagliflozin (n = 341), nearly one-third 
(32%) had an A1C of 9% or higher before initiation of 
canagliflozin, compared with half that percentage (16%) 
of patients 3 months after initiation of canagliflozin.

 • The percentage of patients using any of several classes of 
antihyperglycemic medications was consistently reduced 
(Table).1

Canagliflozin Versus Sitagliptin
Quality measure attainment in overweight/obese patients 
with T2DM treated with canagliflozin or sitagliptin
Bailey et al conducted a post hoc analysis of quality measure 
attainment rates among overweight or obese patients with type 
2 diabetes mellitus to evaluate the effect of 1 year of therapy 
with canagliflozin (300 mg daily) versus 1 year of therapy with 
sitagliptin (100 mg daily) on glycemic control, blood pressure 
control, lipid level control, and weight reduction. The data were 
collected over a 52-week time period. A total of 1271 patients 
were randomized in an approximately 1:1 ratio to receive ei-
ther canagliflozin or sitagliptin and background therapy with 
metformin alone or the combination of metformin and a sul-
fonylurea.2 

Although the rates of attainment of quality measures were 
initially similar between both groups, after 52 weeks of treat-
ment, the likelihood of attaining glycemic goal (eg, glycated 
hemoglobin [A1C <8%]), blood pressure goal (eg, <140/90 
mm Hg), and weight-related goals (eg, initial body mass index 
[BMI] ≥25 kg/m2, and more than 10 pounds of weight lost) 
was significantly greater for patients receiving canagliflozin.2 

Compared with results in patients receiving sitagliptin, the 
percentage of patients achieving each goal was significantly great-
er among patients receiving canagliflozin. For instance, with 
canagliflozin2:

 • 14.9% (95% CI: 10.1%-19.6%) more patients attained 
an A1C <8%

 • 11.1% (95% CI: 5.5%-16.7%) more patients attained 
an A1C <7%

 • 9.3% (95% CI: 4.9%-13.8%) more patients attained a 
blood pressure lower than 140/90 mm Hg

 • 17.6% (95% CI: 5.1%-16.4%) more patients lost 10 
pounds of weight or more

 • 11.6% (95% CI: 6.1%-17.2%) more patients attained a 
BMI <30 kg/m2

Lipid-related outcomes were similar between treatment 
groups, with no significant differences in the percentage of pa-
tients attaining a low-density lipoprotein cholesterol level less 
than 100 mg/dL.2
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UGT1A9, UGT2B4, decreased canagliflozin area under the curve (AUC) by 
51%. This decrease in exposure to canagliflozin may decrease efficacy. If 
an inducer of these UGTs (e.g., rifampin, phenytoin, phenobarbital, ritonavir) 
must be co-administered with INVOKANA (canagliflozin), consider 
increasing the dose to 300  mg once daily if patients are currently  
tolerating INVOKANA 100  mg once daily, have an eGFR greater than  
60 mL/min/1.73 m2, and require additional glycemic control. Consider other 
antihyperglycemic therapy in patients with an eGFR of 45 to less than  
60  mL/min/1.73  m2 receiving concurrent therapy with a UGT inducer and 
require additional glycemic control [see Dosage and Administration (2.3) 
and Clinical Pharmacology (12.3) in full Prescribing Information].
digoxin: There was an increase in the AUC and mean peak drug concen-
tration (Cmax) of digoxin (20% and 36%, respectively) when co-administered 
with INVOKANA 300 mg [see Clinical Pharmacology (12.3) in full Prescribing 
Information]. Patients taking INVOKANA with concomitant digoxin should be 
monitored appropriately.
Use In sPecIFIc PoPULatIons
Pregnancy: Teratogenic Effects: Pregnancy Category C: There are no 
adequate and well-controlled studies of INVOKANA in pregnant women. 
Based on results from rat studies, canagliflozin may affect renal 
development and maturation. In a juvenile rat study, increased kidney 
weights and renal pelvic and tubular dilatation were evident at greater than 
or equal to 0.5 times clinical exposure from a 300 mg dose [see Nonclinical 
Toxicology (13.2) in full Prescribing Information].
These outcomes occurred with drug exposure during periods of animal 
development that correspond to the late second and third trimester of 
human development. During pregnancy, consider appropriate alternative 
therapies, especially during the second and third trimesters. INVOKANA 
should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus.
nursing Mothers: It is not known if INVOKANA is excreted in human milk. 
INVOKANA is secreted in the milk of lactating rats reaching levels 1.4 times 
higher than that in maternal plasma. Data in juvenile rats directly exposed 
to INVOKANA showed risk to the developing kidney (renal pelvic and 
tubular dilatations) during maturation. Since human kidney maturation 
occurs in utero and during the first 2 years of life when lactational exposure 
may occur, there may be risk to the developing human kidney. Because 
many drugs are excreted in human milk and because of the potential for 
serious adverse reactions in nursing infants from INVOKANA, a decision 
should be made whether to discontinue nursing or to discontinue 
INVOKANA, taking into account the importance of the drug to the mother 
[see Nonclinical Toxicology (13.2) in full Prescribing Information].
Pediatric Use: Safety and effectiveness of INVOKANA in pediatric patients 
under 18 years of age have not been established.
geriatric Use: Two thousand thirty-four (2034) patients 65 years and older, 
and 345  patients 75  years and older were exposed to INVOKANA in nine 
clinical studies of INVOKANA [see Clinical Studies (14.3) in full Prescribing 
Information]. 
Patients 65  years and older had a higher incidence of adverse reactions 
related to reduced intravascular volume with INVOKANA (such as 
hypotension, postural dizziness, ortho static hypotension, syncope, and 
dehydration), particularly with the 300 mg daily dose, compared to younger 
patients; more prominent increase in the incidence was seen in patients 
who were 75  years and older [see Dosage and Administration (2.1) in full 
Prescribing Information and Adverse Reactions]. Smaller reductions in 
HbA1C with INVOKANA relative to placebo were seen in older (65 years and 
older; -0.61% with INVOKANA 100 mg and -0.74% with INVOKANA 300 mg 
relative to placebo) compared to younger patients (-0.72% with INVOKANA 
100 mg and -0.87% with INVOKANA 300 mg relative to placebo).
renal Impairment: The efficacy and safety of INVOKANA were evaluated in 
a study that included patients with moderate renal impairment (eGFR 30 to 
less than 50  mL/min/1.73  m2) [see Clinical Studies  (14.3) in full Prescribing 
Information]. These patients had less overall glycemic efficacy and had a 
higher occurrence of adverse reactions related to reduced intravascular 
volume, renal-related adverse reactions, and decreases in eGFR compared 
to patients with mild renal impairment or normal renal function (eGFR 
greater than or equal to 60  mL/min/1.73  m2); patients treated with 
INVOKANA 300 mg were more likely to experience increases in potassium 
[see Dosage and Administration (2.2) in full Prescribing Information, 
Warnings and Precautions, and Adverse Reactions].
The efficacy and safety of INVOKANA have not been established in patients 
with severe renal impairment (eGFR less than 30 mL/min/1.73 m2), with ESRD, 
or receiving dialysis. INVOKANA is not expected to be effective in these 
patient populations [see Contraindications and Clinical Pharmacology (12.3) 
in full Prescribing Information].
Hepatic Impairment: No dosage adjustment is necessary in patients with 
mild or moderate hepatic impairment. The use of INVOKANA has not  
been studied in patients with severe hepatic impairment and is therefore  
not recommended [see Clinical Pharmacology  (12.3) in full Prescribing 
Information].

overdosage
There were no reports of overdose during the clinical development program 
of INVOKANA (canagliflozin).
In the event of an overdose, contact the Poison Control Center. It is also 
reasonable to employ the usual supportive measures, e.g., remove 
unabsorbed material from the gastrointestinal tract, employ clinical 
monitoring, and institute supportive treatment as dictated by the patient’s 
clinical status. Canagliflozin was negligibly removed during a 4-hour 
hemodialysis session. Canagliflozin is not expected to be dialyzable by 
peritoneal dialysis.
PatIent coUnseLIng InForMatIon
See FDA-approved patient labeling (Medication Guide).
Instructions: Instruct patients to read the Medication Guide before starting 
INVOKANA (canagliflozin) therapy and to reread it each time the 
prescription is renewed.
Inform patients of the potential risks and benefits of INVOKANA and of 
alternative modes of therapy. Also inform patients about the importance of 
adherence to dietary instructions, regular physical activity, periodic blood 
glucose monitoring and HbA1C testing, recognition and management of 
hypoglycemia and hyperglycemia, and assessment for diabetes 
complications. Advise patients to seek medical advice promptly during 
periods of stress such as fever, trauma, infection, or surgery, as medication 
requirements may change.
Instruct patients to take INVOKANA only as prescribed. If a dose is missed, 
advise patients to take it as soon as it is remembered unless  
it is almost time for the next dose, in which case patients should  
skip the missed dose and take the medicine at the next regularly scheduled 
time. Advise patients not to take two doses of INVOKANA at the same time.
Inform patients that the most common adverse reactions associated with 
INVOKANA are genital mycotic infection, urinary tract infection, and 
increased urination.
Inform female patients of child bearing age that the use of INVOKANA 
during pregnancy has not been studied in humans, and that INVOKANA 
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physicians as soon as possible.
Inform nursing mothers to discontinue INVOKANA or nursing, taking into 
account the importance of drug to the mother.
Laboratory Tests: Due to its mechanism of action, patients taking INVOKANA 
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balanoposthitis) may occur, especially in uncircumcised males and patients 
with prior history. Provide them with information on the signs and symptoms 
of balanitis and balanoposthitis (rash or redness of the glans or foreskin of 
the penis). Advise them of treatment options and when to seek medical 
advice [see Warnings and Precautions].
Hypersensitivity Reactions: Inform patients that serious hypersensitivity 
reactions such as urticaria and rash have been reported with INVOKANA. 
Advise patients to report immediately any signs or symptoms suggesting 
allergic reaction or angioedema, and to take no more drug until they have 
consulted prescribing physicians.
Urinary Tract Infections: Inform patients of the potential for urinary tract 
infections. Provide them with information on the symptoms of urinary tract 
infections. Advise them to seek medical advice if such symptoms occur.
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Table. Rates of Antihyperglycemic Medication Use 6 Months Before and  
3 Months After Initiation of Canagliflozin1

Drug Class 6 Months Before 3 Months After

TZDs 15% 11%

GLP-1 agonists 28% 20%

DPP-4 inhibitors 35% 26%
DPP-4 indicates dipeptidyl-peptidase–4; GLP-1, glucagon-like peptide–1; TZD, thiazolidinedione.
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Genital mycotic infections and diuresis-related complications 
were recorded at a higher rate in patients who received canagliflo-
zin compared with patients who received sitagliptin. In addition, 
hypoglycemia was slightly more common with use of canagliflo-
zin than with use of sitagliptin (25.9% vs 23.5%).2

Dapagliflozin
Efficacy of dapagliflozin in patients with T2DM  
and baseline A1C of 9.0% or higher
Katz et al analyzed the efficacy of the SGLT2 inhibitor dapagli-
flozin among patients with an initial A1C of 9% or higher, 
using data from 5 phase 3 trials. In the trials, patients received 
a daily dose of 10 mg of dapagliflozin daily in combination 
with metformin, glimepiride, pioglitazone, sitagliptin, or in-
sulin. Over 24 weeks of therapy, patients using add-on ther-
apy with dapagliflozin experienced a reduction in A1C level 
of approximately 1 percentage point. A1C reductions ranged 
from 0.78 percentage points (when used in addition to met-
formin) to 1.05 percentage points (when used in addition to 
pioglitazone).3

Dapagliflozin is safe and well tolerated in older  
patients with T2DM
Based on a pooled analysis of data from 9 double-blind phase 
2b/3 studies, dapagliflozin was demonstrated to be well tolerated 
in older patients with T2DM. In the studies, patients 65 years 
or older were treated with background metformin therapy plus 
dapagliflozin or placebo for up to 104 weeks. Overall, the rates 
of serious adverse events were similar between treatment arms 
(13.7% with placebo vs 14.6% with dapagliflozin). However, 
among patients 65 years or older, renal adverse events were more 
common with use of dapagliflozin than with placebo (14.0% vs 
7.9%).4

Empagliflozin
Empagliflozin monotherapy in drug-naïve patients  
with T2DM
In this trial, empagliflozin at a daily dose of 10 mg or 25 mg 
was tested against sitagliptin 100 mg daily or placebo over an 
initial 24-week period as monotherapy in newly diagnosed, 
drug-naïve patients with T2DM. In the initial 24-week trial, 
899 patients were randomized in an approximately equal ratio 
to each of 4 treatment arms. After the initial trial, a 52-week 
extension phase was initiated for a total of 76 weeks of ther-
apy.5

A1C levels were significantly reduced with empagliflozin 
versus sitagliptin. Compared with sitagliptin 100 mg daily, 
empagliflozin at a dosage of 25 mg daily reduced A1C levels 
by an additional 0.22 percentage points (P <.001). Investiga-
tors reported similar rates of hypoglycemia between treatment 

groups and a higher rate of genital infection with empagliflo-
zin than with placebo or sitagliptin.5

Empagliflozin compared with glimepiride as add-on to 
metformin for 2 years in patients with T2DM
Over 104 weeks, investigators studied the effect of add-on ther-
apy with either glimepiride or empagliflozin in patients using 
background metformin therapy for T2DM. In this phase 3 trial, 
patients with an average age of 55.9 years initiated therapy with 
either glimepiride at a dosage of 1 mg to 4 mg daily or empagli-
flozin 25 mg daily. After 2 years, empagliflozin reduced A1C levels 
by a significantly larger margin than glimepiride (0.11 percentage 
points; P <.025). Reductions in body weight and blood pressure 
were also observed in patients receiving empagliflozin versus pa-
tients receiving glimepiride.6

Care Transitions
Transitions of care for people with T2DM: Utilization 
of antihyperglycemic agents prehospitalization and 
posthospitalization
To evaluate the quality of care transitions experienced by patients 
with diabetes, Vo et al analyzed the utilization of antihypergly-
cemic agents (AHAs) before and after hospitalization in patients 
with T2DM. Investigators retrospectively analyzed use of AHAs 
in the 90 days before and 30 days after a hospital admission using 
records from the MarketScan database.7 

The investigators analyzed outpatient pharmacy claims data 
from 8144 eligible adults with T2DM; the average age of patients 
included in the study was 66 years. The analysis showed reduc-
tions in the use of several AHAs after hospitalization, including 
metformin, sulfonylureas, dipeptidyl peptidase–4 (DPP-4) inhib-
itors, and thiazolidinediones (TZDs). After hospital discharge, 
approximately half of patients discontinued AHAs they had been 
receiving before hospitalization.7

Cardiovascular disease was the most common reason for ad-
mission, followed by osteoarthritis, cardiac dysrhythmia, and 
pneumonia. Of patients involved in this study, 90% were dis-
charged to home care, and the remainder entered long-term care 
facilities or skilled nursing facilities.7

Approximately one-fifth (21%) of patients in this sample did 
not have a diagnosis of T2DM prior to hospitalization. Patients 
who received a diagnosis of T2DM while hospitalized were 
less likely to continue therapy than patients who had received 
a diagnosis of T2DM prior to hospitalization, although rates 
of AHA continuation were low among both groups, with 61% 
of patients with a prehospitalization diagnosis of T2DM taking 
an AHA after hospitalization versus 40% of patients without 
an prehospitalization diagnosis of T2DM taking an AHA af-
ter hospitalization. These results indicate a need for improved 
transitions from hospital care to outpatient care among patients 
with T2DM.7
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Diabetes Care: Highlights of Published Research 

W illiam T. Cefalu, MD, editor-in-chief of the journal 
Diabetes Care, discussed highlights from research 
published in the journal over the past year, as deter-

mined by the editorial team of Diabetes Care. The editorial team 
voted on the relevance of each paper published in the journal and 
decided how innovative and central it was to the understanding of 
type 1 and type 2 diabetes mellitus (T1DM/T2DM).

The Effect of T2DM on the Brain
T2DM has been associated with an increased risk of cognitive im-
pairment, dementia, and Alzheimer’s disease. In addition, T2DM 
is associated with brain atrophy and cerebrovascular disease. 

An important paper in this area of research was published by 
Moran et al in 2013. In this study, 363 patients with and with-
out T2DM received magnetic resonance imaging (MRI) with  
voxel-based morphology to help detect cerebrovascular lesions 
and atrophy.1

The researchers observed that gray matter was reduced in pa-
tients with T2DM and used a probability map to define the loca-
tions in the brain where brain atrophy occurred.1

Upon analysis, the researchers noted that the inferior, tempo-
ral, medial, and superior lobes of the brain were disproportion-
ately damaged in patients with T2DM, and that patients with 
T2DM had more cerebral infarcts than patients without T2DM.1

Functionally, these changes were associated with cognitive im-
pairment, poor visuospatial construction, diminished planning fac-
ulties, and slower reaction time that was independent of patient age.1

Results of the study suggest that measuring these changes may 
lead to early detection of changes associated with Alzheimer’s dis-
ease, and may help scientists gain a more detailed understanding 
of the relationship between diabetes and the pathophysiology of 
Alzheimer’s disease.

Just as patients with T2DM are at risk of developing brain 
atrophy and other brain abnormalities, similar alterations have 

been documented in patients with T1DM. In a 2014 paper by 
Barnea-Goraly et al, investigators examined whether structural 
defects in white matter were more common in young children 
with T1DM than in children without T1DM.2

Investigators studied 127 children with T1DM aged at least 
4 years and younger than 10 years and 67 age-matched control 
patients, using diffusion-weighted MRI imaging. Before MRI 
testing, patients with T1DM were assessed for baseline glycated 
hemoglobin (A1C) levels and glucose level variability. Investiga-
tors measured white matter structure through several measures. 
According to the authors, “Each parameter was able to demon-
strate some aspect of white matter function.”2

Compared with healthy patients, patients with T1DM experi-
enced changes throughout the brain, including the frontal, tem-
poral, parietal, and occipital lobes. The level of damage was associ-
ated with each patient’s glucose variability level, as determined by 
continuous glucose level monitoring, suggesting that episodes of 
hypoglycemia among children with T1DM may have lasting ef-
fects on brain tissue. Notably, the deleterious effect on brain tissue 
was associated with a reduction in children’s intelligence quotient.2

The results of this study may help clinicians understand the 
importance of glucose level variability in children with T1DM. 
Ultimately, by minimizing glucose variability, physicians may 
protect children from brain damage associated with T1DM.

Neuropathy in T2DM May Be Mediated Centrally
Using magnetic resonance neuroimaging in patients with symp-
toms of diabetes-related peripheral neuropathy, Selvarajah et al 
attempted to determine whether the damage associated with pe-
ripheral neuropathy occurs centrally or peripherally.3

This study builds on previous work done at the University of 
Sheffield in the United Kingdom by Eaton et al, whose 2001 pa-
per raised questions about the pathology of peripheral neuropathy. 
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Eaton et al discovered that spinal cord atrophy was associated with 
painful neuropathic symptoms, along with a reduction in the over-
all volume of the spinal cord.4

Adding to these data, a 2011 paper documented alterations 
in blood flow within the thalamus in patients with diabetes and 
symptoms of neuropathy. Because the thalamus is the gatekeeper 
of sensory input for the human body, these data encouraged in-
vestigators involved in the present study to determine whether the 
symptoms of neuropathy that patients experience in peripheral tis-
sues are actually due to a defect within the central nervous system.5

 Building on this past research, Selvarajah et al studied 36 pa-
tients with T1DM, including 18 patients with diabetic compli-
cations (9 patients with painless diabetic peripheral neuropathy 
and 9 patients with painful diabetic peripheral neuropathy); the 
control group included 18 patients with T1DM who had not yet 
developed complications.3

Each patient was evaluated using a brain MRI scan and a 
detailed assessment of peripheral sensory functions. The results 
showed that both groups of patients (patients who experienced 
pain and patients who did not experience pain) had a lower over-
all volume of gray matter, although the magnitude of loss was not 
different between the 2 groups of patients.3

These findings suggest that patients with neuropathy experi-
ence changes in brain areas that are associated with somatosensory 
perception. Although the pain and symptoms of peripheral neu-
ropathy are perceived in peripheral tissues, the damage that leads 
to these changes may occur in the brain. An improved understand-
ing of the pathophysiology of diabetic peripheral neuropathy may 
change the way this painful condition is targeted and treated.3

Surgery or Antibiotics for Osteomyelitis: Which Is More 
Effective?
In another important study, investigators assessed the relative mer-
its of 2 strategies for treating osteomyelitis of the foot in patients 
with diabetes. Investigators assessed whether antibiotic therapy or 
conservative surgery was superior in managing osteomyelitis.6 

The study built on previous findings from a retrospective study 
of 147 patients treated at a single specialty center over the course 
of 5 years. In 23% of patients, physicians treated ulcers with an-
tibiotics plus surgery or a minor amputation, and in the remain-
ing 77% of patients, physicians treated ulcers with antibiotics 
alone. Of patients with ulcers and osteomyelitis whose infections 
were treated with 1 or more course(s) of antibiotics, the majority 
(82.3%) were able to achieve durable remissions without surgi-
cal management. Based on the high level of efficacy observed in 
this study with antibiotic therapy alone, investigators conducted 
a study to compare the efficacy of surgical management and phar-
macotherapy.7

In this trial, Lázaro-Martínez and colleagues prospectively 
randomized 37 patients with diabetic foot osteomyelitis to re-

ceive either 90 days of therapy with antibiotics or conservative 
surgery. Conservative surgery was defined as a surgical interven-
tion that did not involve limb amputation, but rather involved 
bone debridement or removal of infected areas of tissue around 
the wound. After the conservative surgical intervention, patients 
generally received a postoperative course of antibiotics that lasted 
approximately 10 days.6

In all, 25 patients were randomized to receive antibiotic therapy 
alone, and 27 patients received a surgical intervention. No signifi-
cant differences in healing rates were observed between the groups, 
although patients receiving surgical intervention had a numerically 
higher rate of healing (86% of patients healed after surgery, and 
75% of patients healed after antibiotic therapy; P = .266).6

The presenting investigator concluded, “Antibiotic and sur-
gical treatment of neuropathic diabetic foot osteomyelitis have 
similar outcomes.”

Diabetes and Cancer: Is There a Link?
In an effort to answer questions about the relationship between 

cancer and diabetes, Derek LeRoith, MD, PhD, discussed the prev-
alence of cancer diagnoses in patients with and without diabetes. 

LeRoith explained that in recent years, scientists have docu-
mented increases in the rate of cancer in obese versus nonobese 
patients. Therefore, it is reasonable to ask whether treatments that 
reduce weight and the severity of diabetes are also associated with 
improved outcomes in patients with cancer.

Previous research has documented an association between 
obesity and prostate cancer, breast cancer, colon cancer, and pan-
creatic cancer. Patients with obesity are also more often affected 
by more resistant forms of breast cancer, including triple-negative 
breast cancer (breast cancer that lacks HER2, progesterone, and 
estrogen receptors).

Although obesity worsens the prognosis of patients with most 
cancers, the opposite is true of patients with prostate cancer. In 
prostate cancer, patients with T2DM may actually have improved 
outcomes. Scientists have postulated that this improvement in out-
comes may be due to a reduction in androgen levels among patients 
with T2DM. The results of recent studies offer some support for 
this hypothesis; one study demonstrated the downregulation of 
androgen receptors on prostate cancer cells in the presence of hy-
perglycemia.8

In other cancers, the presence of obesity increases the risk of 
mortality. Scientists attribute this increase in mortality to higher 
insulin levels. Fortunately for the millions of patients using insulin, 
the results of studies that evaluated patients using insulin versus 
patients not using insulin indicate that there is no increase in the 
risk of cancer with insulin use. Rather, the increased rate of cancer 
diagnoses among patients with diabetes was related to a longer du-
ration of having diabetes. According to LeRoith, the use of insulin 
in association with cancer is simply a byproduct of the greater like-
lihood of using insulin after many years of having diabetes.

Diabetes Care Highlights (Continued from page 19) 
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For example, in the 12,537-patient ORIGIN trial, Bordeleau 
et al noted an association between the use of basal insulin glargine 
and the incidence of new cancers. In the study, patients with ei-
ther diabetes or prediabetes received either insulin glargine or a 
combination of standard oral treatments to reduce fasting glucose 
levels to 95 mg/dL or lower.9

During a 6-year follow-up period, the use of insulin glargine 
offered no additional protection against cardiovascular events 
versus standard oral treatments. Additionally, cancers (including 
breast cancer and colorectal cancer) were no more common in 
patients receiving insulin glargine than in patients receiving stan-
dard oral treatments.9

Importantly, this study does not preclude the possibility that 
high doses of insulin may play a role in the progression of cancer. 
Indeed, LeRoith noted, “There is still a debate as to whether very 
high doses of insulin may play a role in advancing the progression 
of cancer.”9

Another important finding from a subanalysis of the  
ORIGIN trial was a lack of association between the use of met-
formin and the risk of cancer. Previously, investigators have exam-
ined the association between metformin therapy and mortality in 
patients with breast cancer.9 

Approximately 30 ongoing trials are assessing the possibility 
that metformin may improve outcomes in patients with cancer, 
including patients with breast cancer. Scientists theorize that met-
formin may affect the development of cancer stem cells and may 
prevent those stem cells from forming into mature cancer cells.10,11

One completed trial assessed the relationship between survival 
and metformin therapy. The large trial was conducted in Ontario, 
and assessed outcomes in 6519 patients over the age of 65 years 
who had received a diagnosis of breast cancer between 1997 and 
2008. The study results did not show an effect of metformin ther-
apy on survival (hazard ratio: 0.93, P = NS).12

Additional data will help clarify the relationship between met-
formin therapy and outcomes in patients with cancer. As LeRoith 
noted, “For the moment, I think the jury’s out.”

Progress Report: Insulin Pumps
William V. Tamborlane, MD, discussed advances in the develop-
ment of advanced insulin pumps for use in pediatric patients with 
T1DM. The use of an artificial replacement for a pancreas has been 
an attractive area of research, as scientists believe that a sufficiently 
advanced insulin pump may reduce the likelihood of severe hypogly-
cemia and may reduce or eliminate the need for insulin injections.

Unfortunately, advanced insulin pumps—to date—have not 
substantially improved outcomes. In patients with T1DM, the 
average A1C remains at approximately 9%, and has not improved 
over time, as would be expected with the availability of advanced 
insulin pump technology. With new technologies for insulin 
administration, however, researchers are hoping to improve out-
comes in patients with T1DM.

Over time, scientists have made important strides in the 
treatment of T1DM. For instance, the creation of new control 
algorithms has led to the development of insulin pumps that are 
much more effective in adapting insulin doses to changing blood 
glucose levels.

Particularly important, however, is the development of safe-
guards that prevent catastrophic errors that may occur due to 
system malfunctions, such as the administration of excessively 
high doses of insulin. Such malfunctions of insulin pumps are 
dangerous to patients. Fortunately, few cases of insulin overdoses 
have been reported in the literature.

Methods of managing the potential for adverse events include 
the use of automatic pump shut-off mechanisms, and different 
types of systems during the day versus during the night.

Sherr et al assessed the effects of treatment with a pump systems 
designed for overnight use in terms of the occurrence of hypogly-
cemia and ketosis on the morning following a night of therapy.13

Investigators tested 2 types of systems, including a system 
that used a low glucose level–sensing mechanism to reduce the 
risk of hypoglycemia versus a system without such a safeguard in 
place. The hypoglycemia prevention system was tested over the 
course of 1957 nights, and its results were compared with those 
of a group that used the standard system over 977 nights.13

The overall results showed a slight increase in blood glucose  
levels in patients using the standard system. In addition, patients 
using the system with safeguards in place had lower risk of ketosis in 
the morning.13 These findings in patients using insulin pumps may 
lead to the approval of insulin pump systems that have additional 
safeguards in place to prevent hypoglycemia and ketosis in patients 
with T1DM.

Although Sherr and colleagues made a major incremental im-
provement to the design and function of insulin pumps, in his 
presentation, Tamborlane noted that insulin pump therapy will 
not be the ultimate solution to T1DM. In support of this opinion, 
Tamborlane cited a study by Buckingham et al that evaluated the 
efficacy of early, intensive insulin pump therapy in preserving beta 
cell function in patients with T1DM. Unfortunately, the results of 
the study did not indicate a benefit with early, intensive therapy, 
suggesting that the future of T1DM therapy lies in immunomod-
ulatory therapies and biologic therapies—not carefully calibrated 
insulin pumps.14

Other researchers are more optimistic about insulin pump 
therapy. For instance, Boris Kovatchev, PhD, discussed the fu-
ture of insulin pump therapy and commented that future insu-
lin pumps can be thought of as “mobile medical networks.” Ko-
vatchev envisions a future in which patients will be monitored 
through a system of cloud computing that includes monitoring for 
severe hypoglycemia and automated calls to emergency services.15

Researchers at the University of Virginia have conducted a 
pilot study evaluating a network-connected artificial pancreas in 
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a small group of patients. With a closed-loop system, which, un-
like an open-loop system, does not require treatment with bolus 
injections of insulin, patients experienced fewer hypoglycemic 
episodes over the study period (1.22 with the closed-loop system 
vs 2.39 with the open-loop system, P = .021).15

In Summary
In the past year, researchers have made important strides in the 
understanding of diabetes. Researchers have elucidated which 
areas of the brain are most heavily affected by T2DM and 
T1DM, and are beginning to understand that peripheral neu-
ropathy may, in fact, be associated with damage to the central 
nervous system. Other advances include improvements in insu-
lin pump technology, an improved understanding of the role of 
surgical management versus antibiotic therapy in diabetic ulcers 
complicated by osteomyelitis, and further understanding of the 
link between diabetes and cancer. This research may ultimately 
lead to improved management of diabetes and its complications.
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Type 2 Diabetes Mellitus in Latinos and Multiethnic  
Populations

T he risk of developing type 2 diabetes mellitus (T2DM) is 
known to vary by ethnicity. As discussed during a session 
at the American Diabetes Association meeting, the results 

of analyses of data from the Hispanic Community Health Study/
Study of Latinos (HCHS/SOL) registry demonstrate these differ-
ences in Latinos, and an analysis by Gertraud Maskarinec, MD, 
PhD, of the University of Hawaii Cancer Center, demonstrates 
the risk of diabetes in multiethnic populations. These results have 
important implications for the understanding of ethnic differenc-
es, and may ultimately lead to ethnicity-specific treatment recom-
mendations due to differences in the pathophysiology of diabetes 
in different racial/ethnic groups.

In HCHS/SOL, investigators studied 16,415 Hispanics and 
Latinos between the ages of 18 and 74 years (Figure). Participants 
enrolled in the study had a first exam in 2008, and subsequent 
exams occurred over the period between 2008 and 2011. Annual 
follow-up will continue until 2019.1

An older cohort of participants aged 45 to 59 years accounts 
for more than half (59%) of the study population. By includ-
ing this group of patients, the investigators hope to increase the 
study’s sensitivity to changes in the incidence of cardiovascular 
events over time.

An analysis of data from the HCHS/SOL study collected be-
tween 2009 and 2011 revealed that the prevalence of diabetes 
was 16.9% among all Latinos. Differences in the prevalence of 
diabetes varied among different Hispanic subpopulations, rang-
ing from 10.2% for South American Latinos to 18.3% for Mexi-
can Latinos. More than one-third (34%) of cases of diabetes were 
undetected until the screening phase of the HCHS/SOL study.1

Immigration to the United States was associated with an in-
crease in the prevalence of diabetes among Latino populations. 
In addition, with longer periods of residence in the United States, 
the percentage of patients with diabetes increased substantially. 
Among Latinos who had lived in the United States for 16 years or 
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longer, 18.75% of patients had diabetes, versus 12.29% of Latinos 
who had lived in the United States for 0 to 5 years.

The prevalence of diabetes among Latinos was also related to the 
level of education attained and the level of annual income. Partici-
pants whose total household income was less than $20,000 per year 
as well as those with less than a high school–level education were at 
higher risk for developing diabetes than more affluent, more educa-
ted participants. Low levels of health literacy may be related to the 
high incidence of diabetes in these more disadvantaged populations. 

Another challenge that affects economically disadvantaged 
populations is a lack of insurance coverage. Just over half (52%) of 
patients in the overall study had health insurance, which may par-
tially explain why more than one-third of patients received their first 
diagnosis of diabetes during the screening phase of HCHS/SOL. 
Because awareness of diabetes increased substantially with age—par-
ticularly between the ages of 64 and 65 years when patients begin to 
qualify for insurance coverage under Medicare—investigators spec-
ulated that a lack of insurance coverage may be an important factor 
contributing to high rates of undiagnosed diabetes among Latinos. 

Analysis of the data also indicated that most Latinos with T2DM 
do not have well-controlled diabetes. Just under half of patients 
(48%) in the study had a glycated hemoglobin level less than 7%. 

In a related presentation, Maskarinec discussed the incidence 
and prevalence of diabetes in different ethnic populations and pro-
posed some reasons for inter-ethnic differences in the epidemiology 
of T2DM. 

Maskarinec’s study included members from many ethnic groups 
in Hawaii, and the results showed that T2DM in these populations 
was related to the distribution of body fat (visceral versus subcuta-
neous fat), and may be due to genetic factors that vary by ethnic 
background. 

Many people in Hawaii have multiethnic backgrounds; it is not 
uncommon for a person in Hawaii to identify with 4 to 6 ethnic 
groups. This unique characteristic of the Hawaiian population, along 
the availability of insurance records from the 2 predominating health 
plans (Blue Cross Blue Shield and Kaiser Permanente), make Hawaii 
an ideal location to study the risk of diabetes in ethnic populations. 

Investigators linked insurance data to 2010 US census records 
in 88,004 multiethnic subjects, and identified 11,838 cases of pa-
tients with T2DM. In this cohort, the average age was 60 years. The 
linkage of census data with insurance records enabled a high degree 
of certainty that patients included in the study had a confirmed di-
agnosis of T2DM.

Among native Hawaiians, part of the excess risk was explained 
by excess body weight, although the level of education attained, 
tobacco use, physical activity, and dietary factors did not account 
for the additional increase in the risk of developing T2DM— 
other factors unrelated to lifestyle factors were at play.

In addition, normal-weight Asians had a 4-fold higher risk of 
developing T2DM compared with Caucasians. Even after adjusting 
for other risk factors, investigators noted that the increased risk in 

Asians versus Caucasians remained robust, suggesting that genetic 
factors may play a role. Similar relationships were noted for patients 
of Filipino background.

To explain these findings, Maskarinec cited a 2013 study by 
Morimoto et al that identified 51% of cases of T2DM among Jap-
anese patients as resulting from impaired insulin secretion, whereas 
only 14% of Japanese patients had T2DM related to insulin resis-
tance.2 

Contrasting with this finding in Japan, T2DM in Western coun-
tries is almost invariably associated with insulin resistance. This dif-
ference may be due to variations in body fat distribution by ethnicity. 

A 2011 study by Lim et al reported that Asians tend to have more 
subcutaneous fat, and fat localized in the liver and trunk, whereas 
Caucasians tend to have more visceral fat. Importantly, the presence 
of visceral fat is related to a stronger association with insulin resis-
tance, which may be the reason for higher rates of T2DM associated 
with insulin resistance among Caucasians.3

In addition, Asians tend to have lower levels of adipokines, which 
may mediate the localization of fat in visceral tissues. Although ad-
ditional studies are needed, these results may lead to specific, indi-
vidualized treatments for certain ethnic populations with T2DM.
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Figure. Participants Enrolled in the HCHS/SOL 
Study by Participant Age Group (%)1 

HCHS/SOL indicates Hispanic Community Health Study/Study of Latinos. 
Adapted from the Hispanic Community Health Study Data Book. National 
Institutes of Health website. http://www.nhlbi.nih.gov/files/docs/resources/
NHLBI-HCHSSOL-English-508.pdf. Published September 2013. Accessed 
July 2014.
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T he 19th Annual Meeting of the International Society for 
Pharmacoeconomics and Outcomes Research (ISPOR) 
was held from May 31 to June 4, 2014, in Montreal, 

Canada. Several posters at the ISPOR meeting presented the re-
sults of pharmacoeconomic analyses involving the 3 sodium-glu-
cose cotransporter 2 (SGLT2) inhibitors currently approved by 
the FDA: canagliflozin (approved in March 2013), dapagliflozin 
(January 2014), and empagliflozin (August 2014).1

Canagliflozin Versus Sitagliptin
Composite quality measure attainment in overweight/
obese patients with type 2 diabetes mellitus treated with 
canagliflozin 300 mg or sitagliptin 100 mg
In a post hoc analysis of data pooled from 2 phase 3 trials of cana-

gliflozin in patients with type 2 diabetes mellitus (T2DM), Bailey 
et al determined the percentage of patients who attained specific 
metabolic parameter goals including2:

 • Glycated hemoglobin (A1C) <7%
 • Blood pressure <130/80 mm Hg
 • Low-density lipoprotein cholesterol (LDL-C)  

<100 mg/dL

At the start of the study, 2% 
of patients using canagliflozin 
and 2.2% of patients using sita-
gliptin met all 3 of these criteria. 
After 1 year of treatment, 9.1% 
of patients taking sitagliptin 
and 13.3% of patients taking 
canagliflozin had achieved all 3 
measures—a difference of 4.2 
percentage points (95% CI: 0.7-
7.6) in the percentage of patients 
attaining these goal metabolic pa-
rameters.2

Similar improvements were 
observed with 3 other sets of goal 
metabolic parameters (Figure).2

Short-term economic and  
clinical outcomes of 
canagliflozin compared  
with sitagliptin in the 
management of T2DM
Lopez et al analyzed the short-
term cost outcomes and clinical 
outcomes in comparable groups 
of patients with T2DM treated 
with canagliflozin or sitagliptin. 
Investigators analyzed data from 2 
randomized, double-blind, place-
bo-controlled phase 3 trials, each 
of which lasted 52 weeks. The 
trials included patients with inad-
equately controlled T2DM as de-

fined by an A1C result between 7% and 10.5% despite treatment 
with metformin plus a sulfonylurea.3 

In addition to background therapy (metformin and sulfony-
lurea), patients received canagliflozin 300 mg daily or sitagliptin 
100 mg daily. Using data from the trials and adopting a US man-
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Figure. Percentage of Patients Meeting Quality Measure Goals 
Before and After 52 Weeks of Treatment With Either  
Canagliflozin or Sitagliptin in Addition to Background Therapy2,a
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A1C indicates glycated hemoglobin; BP, blood pressure; LDL-C, low-density lipoprotein cholesterol. 
aThe improvement in percentage of patients achieving goal values at 52 weeks favors canagliflozin in all 3 cases 
depicted above: 
 •  A1C <7%, BP <140/80 mm Hg, LDL-C <100 mg/dL: 3.6% (95% CI: –0.2% to 7.3%) 
 •  A1C <8%, BP <140/80 mm Hg, LDL-C <100 mg/dL: 4.4% (95% CI: 0.0%-8.8%) 
 •  A1C <8%, BP <140/90 mm Hg, LDL-C <100 mg/dL: 5.4% (95% CI: 0.5%-10.2%) 
Adapted from Bailey RA, Vijapurkar U, Martin S, Meininger G, Rupnow MFT. Poster at the 19th Annual Interna-
tional Meeting of the International Society for Pharmacoeconomics and Outcomes Research (ISPOR); May 31- 
June 4, 2014; Montreal, QC, Canada. Poster PDB11.
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aged care payer perspective, investigators analyzed the cost-effec-
tiveness of treatment with either sitagliptin or canagliflozin. In 
assessing cost-effectiveness, researchers focused on direct medical 
costs and pharmacy costs, including costs related to management 
of certain adverse events, among them urinary tract infections, 
genital mycotic infections, and hypo-
glycemic events.3 

Although in terms of drug expen-
ditures, 52 weeks of treatment with 
canagliflozin was estimated to cost an 
average of $66 more than 52 weeks of 
treatment with sitagliptin, total med-
ical costs were projected to be $200 
lower due to a reduction in medical 
costs with canagliflozin. Most of the 
savings with canagliflozin were due to 
a $540 reduction in healthcare costs 
due to the ancillary positive effects of 
weight loss. In total, compared with patients taking sitagliptin, 
patients taking canagliflozin were estimated to incur an average 
of $665 less in medical costs per individual per year.3

Canagliflozin Versus Dapagliflozin
Cost-effectiveness analysis of canagliflozin versus 
dapagliflozin as an add-on to metformin in patients with 
T2DM in the United States
Using a stochastic microsimulation Markov model, investigators 
analyzed the cost-effectiveness of using canagliflozin or dapaglifloz-
in with a background regimen of metformin monotherapy in pa-
tients with inadequate diabetes control as indicated by A1C levels.4 

Costs were estimated by determining the cost of medical treat-
ments necessary to reach goal A1C, blood pressure, weight, and 
lipid parameters. Investigators also included the costs of microvas-
cular and macrovascular complications, as well as adverse events 
such as hypoglycemia.4

Outcomes were assessed over a time horizon of 30 years with 
a 3% annual rate of cost discounting. Overall, use of canagliflozin 
instead of dapagliflozin was estimated to lower costs by $4437 on 
average while simultaneously augmenting quality-adjusted life-
years (QALYs) by an average of 0.22 QALYs per patient.4 

In a series of 5 sensitivity analyses, including an analysis of time 
horizons as short as 10 years, canagliflozin remained more cost-ef-
fective compared with dapagliflozin. The average cost savings with 
canagliflozin in each analysis ranged from $1877 to $5771. Better 
glucose control with canagliflozin versus dapagliflozin was the pri-
mary factor in the pharmacoeconomic trend toward better thera-
peutic outcomes and the resulting cost outcomes with canagliflozin.4

Dapagliflozin Versus Sulfonylurea
Dapagliflozin versus sulfonylurea as an add-on therapy to 
metformin: a cost-effectiveness analysis in Colombia
Researchers in Colombia compared the efficacy of dapagliflo-

zin with the efficacy of sulfonylureas when added to background 
metformin treatment among patients in Colombia with T2DM. 
Using an event simulation model based on data from the United 
Kingdom Prospective Diabetes Study (UKPDS), investigators an-
alyzed the effect of treatment on economic outcomes. The costs 

of medication as well as the costs of mac-
rovascular and microvascular events were 
estimated using a 20-year time horizon. 
Aggregate costs were discounted at a 
3% annual rate to account for inflation. 
Considering all costs, investigators esti-
mated that dapagliflozin would save ap-
proximately $422 versus a sulfonylurea 
($10,861 vs $10,439) over a simulated 
20-year period. The results of this study 
in Colombia indicate that dapagliflozin is 
a cost-effective treatment compared with 
sulfonylureas.5

Quality of Life With Dapagliflozin
Change in quality of life (QOL) among T2DM patients 
inadequately controlled with metformin plus sulfonylurea 
and treated with dapagliflozin as part of triple therapy 
regimen for 24 weeks
In patients enrolled in a 24-week double-blind, randomized, pla-
cebo-controlled study of dapagliflozin in patients with T2DM, 
investigators measured changes in QOL scores as assessed through 
the EuroQol 5-dimension (EQ-5D) survey. Assessments were ad-
ministered at baseline and 24 weeks using a visual analogue scale 
estimating QOL on a scale from 0 to 100. Patients were random-
ized to receive either dapagliflozin (n = 108) or placebo (n = 108), 
as well as background therapy of metformin plus a sulfonylurea. 
Average scores improved from 74.6 to 78.4 over the 24-week  
trial in patients receiving dapagliflozin, and from 73.1 to 76.8 in 
patients receiving placebo. Patients in both groups experienced 
improvements in QOL, and investigators identified no signifi-
cant between-group difference in terms of QOL improvements 
attained (P = .63).6

Healthcare Utilization and QOL With Empagliflozin
Health-related quality of life analysis for patients with  
T2DM treated with empagliflozin
Chirila et al assessed changes in QOL scores and healthcare 
utilization scores with use of empagliflozin. The study focused 
on changes in the EQ-5D assessment of health-related QOL in 
patients receiving placebo versus patients receiving empagliflo-
zin across 6 phase 3 studies assessing the efficacy and safety 
of empagliflozin as monotherapy or as part of combination 
therapy in patients with T2DM. In addition, investigators 
assessed changes in healthcare resource utilization in patients 
using empagliflozin.7 

(Continued on page 26)
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Investigators pooled and analyzed all trial data, and repor 
ted that 90% of patients experienced improvements in the util-
ity subscore of the EQ-5D scale after 24 weeks of therapy with 
empagliflozin. Importantly, however, investigators noted 2 sta-
tistically significant differences in terms of the utility subscore 
between placebo treatment and active treatment: a 0.026-point 
average improvement in the EQ-5D utility subscore (P = .0268), 
and a 3.4-point average improvement in health profile scores (P = 
.0062). Unexpectedly, the differences between empagliflozin and 
placebo in terms of healthcare utilization were small and not sta-
tistically significant.7
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Studies Examine Whether Statins, Screenings, and  
Emergency Department Interventions Are Cost-Effective 
in Diabetes Care

T rimming the costs of diabetes to the healthcare system 
will take multiple strategies, but there’s a lack of consen-
sus on precisely how each will work. Are the new recom-

mendations on statins worth the cost? How early should those 
at risk of prediabetes be screened? And how can health plans 
prevent hospital admissions by diabetics who still use the emer-
gency department for primary care? Presenters addressed these 
questions and others at the abstract session entitled “Health Care 
Economics and Health Delivery.”

Xiaohui Zhuo, PhD, a healthcare economist for the CDC, 
presented results that sought to identify the point at which sta-
tin use becomes cost-effective,1 based on the controversial rec-
ommendations unveiled in November 2013 at the meeting of 
the American Heart Association (AHA). Zhuo’s results are note-
worthy, as he and his coauthors have published extensively on 
the cost-effectiveness of early intervention in diabetes.2,3

As explained in January 2014 in Evidence-Based Diabetes 
Management,4 the cardiovascular risk calculator, an initiative of 
AHA and the American College of Cardiology, sparked criti-
cism that it overestimated the number of people who should 
be taking statins. EBDM explored how the use of different data 

sets by the calculator’s creators, and a pair of Harvard research-
ers who critiqued the tool in The New York Times fueled the 
uproar.

Zhuo’s group took a different approach, looking instead to de-
cide at what point use of statins made sense from a cost-effective-
ness standpoint, and found that the statin recommendations in 
the AHA/ACC tool are simply not cost-effective among patients 
with more moderate cardiovascular risk.1

Researchers used a simulation model based on published drug 
costs, and set the value of $50,000 per quality-adjusted life-year 
as a standard of cost-effectiveness. Data came from the 2005-
2010 data from the National Health and Nutrition Examination 
Survey (NHANES). The researchers note that the recommended 
statin use in the CV risk calculator helps prevent atherosclerotic 
cardiovascular diseases (ASCVD) among diabetic adults, but in-
creases the risk of type 2 diabetes mellitus (T2DM) in those who 
do not yet have the disease.

Recommendations call for using statins in diabetic adults 
aged 40 to 75 years with low-density lipoprotein (LDL) of 70 to 
189 mg/dL, or for nondiabetic adults of the same age and LDL 
level whose ASCVD risk exceeds 7.5%. Zhou’s results concurred 
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that intensive statin use was cost-effective in diabetic patients 
with the highest risk levels, or ASCVD risk above 10%. But 
moderate statin use was not cost-effective among diabetic adults 
for whom the ASCVD risk fell between 7.5% and 10%. Among 
adults without diabetes, moderate statin use was cost-effective 
for the ASCVD risk group above 10%, but not cost effective for 
other patients.

Screening for Prediabetes. Timothy M. Dall, MS, of IHS 
Global Insight, and his coauthors examined the benefits of 
screening for prediabetes for at-risk 
persons who show no symptoms.5 
ADA recommends such screen-
ing, but thus far the US Preventive 
Serves Task Force (USPSTF) does 
not. Dall’s group created a simula-
tion based on 2003-2010 NHANES 
population data, as well as prediction 
equations based on the Framingham 
Heart Study and the UK Prospective 
Diabetes Study, and compared how 
well the patients fared to 10-year 
outcomes from the lifestyle and con-
trol arms of the Diabetes Prevention Program.  Per person ben-
efits over 10 years were calculated to be $6040 in medical sav-
ings, as well as $17,230 in total economic benefits. In addition, 
the study projected a 22% lower mortality risk from screening 
based on ADA recommendations.

Lifestyle Interventions. Look AHEAD (Action for Health 
in Diabetes) is a multicenter, randomized controlled trial exam-
ining the effects of intensive lifestyle interventions for persons 
with diabetes compared with traditional support and education. 
Ping Zhang, PhD, a senior health economist at CDC, presented 
the long-term effects of the intervention on health utility, com-
paring measurements with 3 different, multi-attribute indexes:  
the Health Utilities Index Mark 3 (HUI-3), the SF-6D, derived 
from Short Form 36, and the Feeling Thermometer (FT). The 
first 2 measures were taken at baseline, and at points that be-
came less frequent over the 10 years of the study. Average HUI 
scores over the decade did not differ much between the 2 in-
tervention groups, but the intensive intervention did produce 
statistically significiant improvements for those overweight and 
obese patients with T2DM. Zhang’s group concluded that in-
tensive interventions might be cost-effective, depending on the 
cost of intervention.6

Another abstract, presented by Tannaz Moin, MD, MBA,7 
of the University of California, Los Angeles, and the VA 
Greater Los Angeles Healthcare System, examined employ-
er-level data of patients with diabetes and prediabetes to see 
how enrollment in a Diabetes Health Plan (DHP), purchased 
by the employer, had affected hospitalization rates. Hospital-
ization rates for similar for 2 groups prior to the start of the 

DHP. At the 2-year mark, those enrolled in DHP had a 46% 
decrease compared with what was projected at baseline. Moin 
and his coauthors say that health plans that invest in such 
designs, including lower out-of-pocket costs for prescriptions 
and preventive care, will help reduce emergency department 
(ED) visits.

ED Interventions. Hospital EDs are too often where diabe-
tes assessment occurs. Marie E. McDonnell, MD, presented re-
sults from the Diabetes ED Rapid Follow Up program (EDRP) 

at Boston Medical Center,8 created in 
2011. Patients who appear at the ED are 
immediately booked in open slots some-
time in the next 24 hours at a diabetes 
clinic, where they receive education and 
start insulin. The intervention resulted 
in improved health outcomes for those 
who kept their appointments and saved 
$2,819,000 in hospitalization costs. Pa-
tients who showed up at their EDRP ap-
pointments were more likely to have fol-
low-up care within 6 months than those 
who did not (35% vs 22%). Those who 

showed up at their visit also reported better overall glycated he-
moglobin (A1C) reduction (2.6% vs 2%), and return trips to 
the ED in the next 30 days were also reduced (5% vs 15%). The 
hospitalization rate was lower (4% vs 15%) among those who 
showed up at the appointment the next day.
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