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W hat drives the cost of medications for diabetes? Depending on whom you ask, 
the answer could be research and development, lack of pricing transparency, 
lack of competition, all of the above, or something else. The answer may help 

determine how the price of insulin and other medication changes in the next few years, 
as biosimilars begin to emerge in the American market. The ins and outs of medication 
pricing were the topic of a symposium, “Costs of Medications for Diabetes,” on June 5.1

Costs From Lengthy Approval Process
“The success rate for drug approvals has declined significantly,” said Joseph diMasi, 

PhD, from the Tufts University Center for the Study of Drug Development in Medford, 
Massachusetts. In presenting data compiled through his organization, Dr diMasi showed 
that the average pharmaceutical company investment for a single approved drug, when 
factoring in that same company’s failures, is $2.9 billion. “Only 12% of compounds en-
tering phase 1 will be approved. This is much lower than it has been in the past,” he said, 

T he value of big, real-world data was discussed on June 6 at the symposium “Big 
Data—Using What We Have to Improve the Health Care We Deliver.” Drawbacks 
in information-gathering processes were also mentioned.

A Registry for Collecting Data
A prime example of how big data are being used in diabetes care was discussed by 

Mikhail Kosiborod, MD, of St. Luke’s Mid America Heart Institute in Kansas City, 
Missouri. As a member of the Diabetes Collaborative Registry1 steering committee, Dr 
Kosiborod spoke on “The Diabetes Collaborative Registry: A Bold Initiative to Harness  
Real-World Evidence and Improve the Quality of Diabetes Care Worldwide,” explaining 
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with the figure closer to 20% as recently as 
the 1990s, and is a “major driver of costs.”

In addition to the out-of-pocket de-
velopment costs, there are opportunity 
costs for the lengthy approval process, Dr 
diMasi continued. The average length of 
the drug development process across all 
drug classes is 6.8 years, while diabetes 
drugs average only 5.7 years. However, in 
the regulatory review phase of approval, 
diabetes drugs average 16.8 months, ver-
sus an all-class average of 15.2 months. 
By comparison, anti–human immuno-
deficiency virus drugs average only 7.7 
months from submission to approval.

One factor in that above-average re-
view time is that no recent diabetes drugs 
have received a priority rating from the 
FDA, which would fast-track the review 
process. In contrast, about half of non-di-
abetes endocrine drugs are fast-tracked. 

Lack of Transparency in Drug 
Pricing

But whether all this actually does, or 
should, influence the cost of medications 
is debatable, according to Richard Prat-
ley, MD, medical director of the Florida 
Hospital Diabetes Institute in Orlando. 
“There is a lack of transparency in drug 
pricing,” he said. Although the costs of 
drugs are published, “You almost need to 
own a pharmaceutical company to afford 
the report.”

And the figures are not easy to parse, 
because there is no single price for a drug; 
rather, there are half a dozen prices or more, 
including the retail price, the average sales 
price, and the federal ceiling price. The 
“average wholesale price” is often used as a 
basis of comparison, “but this is not a true 
representation of the actual market price,” 
Dr Pratley said. “It’s more akin to the stick-
er price on a car,” which few actually pay.

Overall, Dr Pratley said, “Prices are 
lower in countries where there is clear reg-
ulatory oversight,” such as in the United 
Kingdom. As a result, the cost of diabetes 
care in the UK is about half of what it is in 
the United States. “It is pretty clear that a 

market-based approach is not the optimal 
approach for our patients.”

Increasing Costs of Insulin
That theme was picked up by Irl 

Hirsch, MD, of the University of Wash-
ington in Seattle, who presented further 
data on pricing. “Three of the top six drug 
price increases in the past 5 years have been 
for insulin drugs,” he said. Over the past 
decade, there has been a 21% cumulative 
inflation in prices of all kinds; “meanwhile, 
insulin has increased 200% to 500%.”

The common rejoinder is “This is not 
what patients actually pay,” because of in-
surance reimbursement, but “Some of our 
patients do have to pay this,” Dr Hirsch said. 
Even those with insurance have seen signifi-
cant jumps in their co-pays, he added. 

Although North America has only 7% 
of the world diabetes population, it ac-
counts for 14% of insulin prescriptions and 
52% of the value of insulin sales world-
wide. When, to promote world health, 
Fred Banting and colleagues sold the patent 
for insulin for $1, “I don’t think this is what 
they had in mind,” Dr Hirsch said. 

Biosimilars Coming to Market
Whether the price will drop with the 

advent of biosimilars for insulin and oth-
er drugs remains to be seen, according to 
Lutz Heinemann, PhD, of Science & Co, 
Düsseldorf, Germany. “The insulin market 
will change, after many years of stability,” 
he said. “Biosimilar insulin will be part of 
our reality soon.” The first insulin biosim-
ilar, from Boehringer Ingelheim and Lilly, 
was approved in the European Union in 
2014, and is currently on hold for approval 
in the United States, pending litigation.

“Biosimilars are usually offered for a 
lower price,” Dr Heinemann said, but it is 
difficult to predict how much lower. Few 
expect the dramatic “patent cliff” drop 
seen when a generic is introduced. A major 
pharmacy retailer in the United States has 
predicted a 50% drop in prices for biosim-
ilars in general, but perhaps only a 15% 
drop for insulin. Other recently published 
estimates suggest 20% to 40%; averaged, 
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this may mean an $11-billion savings in insulin spending in 2019, 
when the total market is expected to be around $32 billion. The 
factors involved in driving the price down may be as complex as 
those driving it up, and it may take several years to fully under-
stand the effect of a biosimilar on prices in the US market. 

Reference
1. American Diabetes Association. Costs of medications for diabe-
tes. 75th Scientific Sessions webcasts; June 5-9, 2015. http://pro-
fessional.diabetes.org/Webcasts.aspx. Accessed June 17, 2015. ●

how the registry is contributing to the American Diabetes Associ-
ation (ADA)’s mission to stop diabetes. 

The Diabetes Collaborative Registry is an outgrowth of the 
registries established on the Pinnacle platform by the American 
College of Cardiology (ACC). The diabetes registry involves mul-
tidisciplinary care and has support from several organizations, 
including the ACC in partnership with the ADA, the American 
College of Physicians, the American Association of Clinical En-
docrinologists, and the Joslin Diabetes Center.

Registries can provide useful feedback by showing what hap-
pens in practice in the real world, allowing benchmarks to be de-
termined, Dr Kosiborod said. Individual practitioners who review 
the data can improve care based on the outcomes, effectiveness, 
and safety of treatment strategies 
that registries can reveal. Registries 
can show where there is variability 
between patients, providers, and in-
stitutions, he said. 

The Diabetes Collaborative Reg-
istry is the first global, cross-special-
ty clinical registry aimed at tracking 
and improving quality of care in 
diabetes by compiling data on mil-
lions of patients, Dr Kosiborod said. 
With the registry’s use of electronic data collection, the process 
for providers who install the software is “as seamless as possible,” 
he said. More information is available at thediabetesregistry.org.

Real-world data are necessary because some strategies can’t 
be tested in randomized controlled trials (RCTs), Dr Kosiborod 
said. For example, patients with comorbid conditions are some-
times excluded from trials. The new registry can offer insight on 
comorbid conditions such as cardiovascular disease and other 
diabetes complications by providing information on exams, pro-
cedures, lab values, different medications patients are taking, and 
other factors. 

The number of providers signing onto the Diabetes Collabora-
tive Registry is growing, Dr Kosiborod said, so with the resulting 
data analyses, “we will know a lot more next year than we know 
today.” The United States has been at a disadvantage compared 
with some other countries because of a lack of a national registry, 
he said; the Diabetes Collaborative Registry is a “first major step” 
in a “new generation of knowledge.” 

Gathering Data Globally
Also speaking at the symposium was Kamlesh Khunti, MD, 

PhD, of the University of Leicester in the United Kingdom, who 
gave an overview, “Introduction to Big Data – Opportunities and 
Challenges,” offering his perspective in noting that collection of 
big data through electronic medical records and similar methods 
can be highly productive, but caution is advised.  

Outside the United States, countries whose governments rou-
tinely collect data on patients can use that big data for risk pre-
diction, Dr Khunti said. Globally, collecting big data is becoming 
more sophisticated, he added. Databases are being linked; data sets 
are being combined. Mapping of fast food outlets or green spaces 
can be measured against the prevalence of diabetes in different re-
gions. Primary care data can be linked with hospital activity.

Dr Khunti said that the term big 
data is often used interchangeably 
with the term real-world evidence 
(RWE) as a moniker for what is 
happening in normal clinical prac-
tice outside the controlled restraints 
of RCTs. As he explained, RCT an-
swers the question, “Can it work?” 
while RWE addresses, “Does it 
work?” RCT shows efficacy; RWE 
shows effectiveness.

Because of ethical and legislative issues, not to mention the 
quality of reporting, gathering real-world data isn’t always easy, 
Dr Khunti said. In RCTs, which are internal, outcomes are clear; 
with external, real-world data, information can be “wide-rang-
ing.” However, real-world data normally can be obtained at a 
much lower cost than the cost of conducting RCTs, he noted. 

Although both RCTs and RWE are important, Dr Khunti 
said, RWE can provide input that wasn’t part of a trial. Sometimes 
RCTs are not feasible or ethical, or a specific group of patients 
isn’t included. For example, he said, in a liraglutide trial, patients 
with a body mass index above 40 were excluded, but when RWE 
outside the trial population was looked at, observers saw a greater 
weight loss benefit for those people.

Potential problems with RWE, Dr Khunti continued, include 
lack of patient involvement, insufficient informed consent, with-
drawal of consent, and data breaches by hackers. In the UK, he 
said, the organization Big Brother Watch reported close to 2500 
breaches per year by the country’s National Health System trusts.2 

Big Data (Continued from page 1) 

Practitioners who review the  
data can improve care based on  
the outcomes, effectiveness, and 

safety of treatment strategies that  
registries can reveal.

(Continued on page 4)
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Big Data  (Continued from page 3) 

Experts Explain ADA Recommendations on Lipids, A1C, 
Self-Management

A merican Diabetes Association (ADA) and American Col-
lege of Cardiology/American Heart Association (ACC/
AHA) guidelines differences for lipid management were 

discussed, along with the ADA’s update on hyperglycemia man-
agement in patients with type 2 diabetes mellitus (T2DM). Also 
unveiled at the conference was the first joint position statement 
from the ADA and other organizations outlining guidance on di-
abetes self-management education and support (DSME/S).

ADA and ACC/AHA Lipid Guidelines
Guidelines for the management of lipids, including cholesterol,  

from the ADA1 are largely aligned with those from the ACC/
AHA,2 with a few exceptions, according to Robert Eckel, MD, 
professor of medicine in the divisions of endocrinology and cardi-
ology at the University of Colorado Anschutz Medical Campus in 
Aurora. Eckel, who helped draft the ACC/AHA guidelines, spoke 
during a Meet the Expert session June 5.

The differences, Dr Eckel said, stem mainly from the process 
of evidence evaluation in the ACC/AHA process, which was 
strictly limited to meta-analyses, randomized controlled trials, 
and systematic reviews, with no role for expert opinion. “We got 
criticism for this, but the decision was based on instructions from 
the Institute of Medicine,” he said. 

The ADA endorsed the ACC/AHA guidelines but retained 
some recommendations based on expert opinion that didn’t make 
it into the AHA document. The ADA, but not the ACC/AHA, 
recommends a screening lipid profile at time of diabetes diagnosis, 
at the initial medical evaluation, and/or at age 40 years and peri-
odically (every 1-2 years) thereafter.

Both groups emphasize a heart-healthy lifestyle and diet. The 
ADA continues to specifically recommend intake of omega 3 fatty 
acids, viscous fiber, and plant sterols. “We didn’t, because of lack 
of evidence,” Dr Eckel said. “No evidence” doesn’t mean evidence 
to the contrary, Dr Eckel stressed. “It means there is no evidence, 
or the existing evidence is inconclusive.”

Both groups use a graded approach for consideration of sta-
tin therapy, taking into consideration presence of heart disease, 
age, and risk. ACC/AHA guidelines do not set target levels of 

cholesterol, while the ADA does, a difference that is again based 
on different sources of evidence. Nonetheless, Dr Eckel said, “I 
set lipid goals with every one of my patients, even though they 
are not evidence-based, because it gives us something to work on 
together.” But when the physician sets a goal, he said, it should be 
justified, and considered in light of the guidelines. “Ask why you 
are setting a goal,” he said, and similarly, “if you decide to add a 
second drug, justify it.”

Combination therapy with a statin and fibrate is recommended 
by the ADA in some situations, though not by the ACC/AHA; 
but based on recent study results, “We may be almost there,” Dr 
Eckel said. He emphasized that the guidelines are frequently re-
vised as new high-quality evidence becomes available. He also 
stressed that “The guidelines are there to inform, not to mandate. 
We treat individual patients, not populations.” He said the physi-
cian must ask what is best for the individual patient.

Update on Hyperglycemia Management in T2DM
An update to the 2012 position statement on hyperglycemia 

management in T2DM,3 put forth jointly by the ADA and the 
European Association for the Study of Diabetes, continues to 
stress a healthy lifestyle and metformin therapy while taking into 
consideration new treatment options. An overview of the update 
was provided by its coauthors, Silvio Inzucchi, MD, of Yale Uni-
versity in Connecticut, and David Matthews, MD, of Oxford 
University in England, during a Meet the Expert session June 5.

The term “position statement” rather than “guideline” is meant 
to emphasize that the recommendations are to be used in conjunc-
tion with, not as a substitute for, clinical judgment, and in consul-
tation with the patient, Dr Matthews said. The recommendations 
were “based on the evidence-based literature as far as possible, and 
we consulted [with experts in the field] widely before publication.”

Decision making is complex, he said, because there are “at least 
12 classes of agents we can use,” with a mind-boggling number 
of combinations, which must be considered along with patient 
comorbidities, treatment horizon, cost, and other factors. 

Choosing a specific glycated hemoglobin (A1C) target must 
be done with risks, patient life expectancy, vascular complications, 

To increase patient compliance, Dr Khunti said patients need 
to be ensured that providing information will improve the quali-
ty of care they receive. Asked about the problem of discrepancies 
when entering data, he said the use of templates can help. When 
a patient’s information is input directly into a template, fewer 
errors result, he said.

References
1. The Diabetes Collaborative Registry. American College of Car-
diology Foundation. http://www.ncdr.com/WebNCDR/Diabetes/
publicpage. Accessed June 18, 2015.
2. NHS data breaches. Big Brother Watch; November 2014. 
https://www.bigbrotherwatch.org.uk/wp-content/uploads/2014/11/
NHS-Data-Breaches-Report.pdf. Accessed June 18, 2015. ●
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and multiple other factors in mind. Although 7% is a standard 
goal, whether treatment should aim for stringent adherence to 
that goal depends on the patient. For instance, a newly diagnosed 
patient with no relevant comorbidities and a long life expectancy 
might be a good candidate for tight control. 

It is “no surprise” that a healthy diet and physical activity are 
the foundation of glycemic control, Dr Inzucchi said. Use of drugs 
to lower glucose is needed in many patients, “and metformin is 
the best initial choice,” he said, based on low cost, proven safety, 
and neutral effect on weight.

Since the 2012 statement, sodium glucose co-transporter-2 in-
hibitors have become available (Table), and they now are featured 
as a second-drug treatment option in the new statement. In addi-
tion, the use of a glucagon-like peptide-1 receptor agonist is now 
discussed as an option instead of mealtime insulin. According to 
the statement, the agonist is “perhaps a more attractive option in 
more obese individuals or in those who may not have the capacity 
to handle the complexities of a multidose insulin regimen.”

In designing a treatment regimen with the many options avail-
able, Dr Matthews said, the physician must consider the “5 Ps”: 
pathophysiology, potency, precaution, pluses, and practicalities, as 
well as a sixth: price. Although these considerations “are very com-
plex,” he said, going through them doesn’t need to take up a lot of 
time. “We do it very quickly in the office,” he said. “It isn’t a recipe; 
you have to engage your brain, in collaboration with your patient.” 

DSME/S Position Statement Debuts
Also at the conference, a joint DSME/S position statement was 

released by the ADA, the American Association of Diabetes Edu-
cators, and the Academy of Nutrition and Dietetics. The statement 
provides an algorithm with guidance for healthcare providers on 
when to refer patients with T2DM to certified diabetes educators 
(CDEs) and other trained staff for education and support.

“We have algorithms for when and how to advance medica-
tion for patients with diabetes, but there has never been an al-
gorithm for starting and advancing self-management education,” 

said lead author Margaret Powers, PhD, RD, CDE, research sci-
entist at the International Diabetes Center at Park Nicollet, and 
president-elect, health care and education, for the ADA.

The algorithm begins by referring to the ADA’s Standards of 
Medical Care in Diabetes in recommending that all T2DM pa-
tients be assessed and referred for further evaluation in several 
areas, including nutrition counseling by a registered dietitian, ed-
ucation in diabetes self-management and support, and emotional 
health by a mental health professional if needed. The algorithm 
then outlines 4 times when DSME/S should be considered: at 
diagnosis, annually, when new complicating factors influence 
self-management, and when transitions in care occur. The algo-
rithm goes on to list a variety of specific situations for primary 
care providers and specialists to consider. 

The benefits of DSME/S include not only improvement in 
outcomes for patients with diabetes, according to the position 
statement, but also cost-effectiveness in reducing hospital admis-
sions and readmissions, as well as lowering lifetime healthcare 
costs related to complications.4

References
1. American Diabetes Association. Cardiovascular disease and risk 
management. In: Standards of Medical Care in Diabetes—2015. 
Diabetes Care. 2015;38(suppl 1):S49-S57.
2. Stone NJ, Robinson JG, Lichtenstein AH, et al; ACC/AHA Task 
Force on Practice Guidelines. 2013 ACC/AHA guideline on the 
treatment of blood cholesterol to reduce atherosclerotic cardiovas-
cular risk in adults: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines 
[published correction appears in Circulation. 2014;129(25, suppl 
2):S46-S48]. Circulation. 2014;129(25, suppl 2):S1-S45.
3. Inzucchi SE, Bergenstal RM, Buse JB, et al. Management 
of hyperglycemia in type 2 diabetes, 2015: a patient-centered 
approach: update to a position statement of the American Dia-
betes Association and the European Association for the Study of 
Diabetes. Diabetes Care. 2015;38(1):140-149.
4. Powers MA, Bardsley J, Cypress M, et al. Diabetes self-man-
agement education and support in type 2 diabetes: a joint 
position statement of the American Diabetes Association, the 
American Association of Diabetes Educators, and the Academy of 
Nutrition and Dietetics. Diabetes Care. 2015;38:1-11. ●

Table. Properties of SGLT2 Inhibitors3

Compounds Cellular  
Mechanism

Primary  
Physiologic Action Advantages Disadvantages

• Canagliflozin
• Dapagliflozina

• Empagliflozin

Inhibits 
SGLT2 in 
the proximal 
nephron

Blocks glucose 
reabsorption by the 
kidney, increasing
glucosuria

• No hypoglycemia
•  ↓Weight
•  ↓Blood pressure
• Effective at all 

stages of T2DM

• Genitourinary infections
• Polyuria
• Volume depletion/ 

hypotension/dizziness
•  ↑ LDL-C
•  ↑ Creatinine (transient)

LDL-C indicates low-density lipoprotein cholesterol; SGLT2, sodium glucose co-transporter-2; T2DM, type 2 diabetes mellitus.
aInitial concerns regarding bladder cancer risk are decreasing after subsequent study.

Adapted from Inzucchi SE, Bergenstal RM, Buse JB, et al. Diabetes Care. 2015;38(1):140-149.
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ELIXA and TECOS Results Show No Cardiovascular Risk 
or Benefit

T he results of 2 major cardiovascular (CV) trials were an-
nounced June 8, revealing that neither lixisenatide nor 
sinagliptin caused a CV risk or benefit.

ELIXA Trial Results Find No Cardiac Risk, No Benefit 
for Lixisenatide

The first CV outcomes trial for a drug in the glucagon-like 
peptide-1 (GLP-1) agonist class found no risks or benefits for  
patients with type 2 diabetes mellitus (T2DM) who took  
lixisenatide, according to results presented.1 

Lixisenatide is available in Europe, Japan, and a few other 
countries, but its maker, Sanofi, withdrew its application to the 
FDA while awaiting the results from ELIXA, which stands for the 
Evaluation of Lixisenatide in Acute 
Coronary Syndrome.2  The study 
involved 6068 patients who were 
followed for approximately 2 years. 

While the results may be enough 
for Sanofi to seek FDA approval, a 
commenter who spoke at the end of 
the presentation asked whether the 
“cottage industry” of cardiovascular 
disease (CVD) safety trials demanded by regulators are asking the 
right questions. 

Marc Pfeffer, MD, PhD, Dzau Professor of Medicine at Har-
vard Medical School and a cardiologist at Brigham and Women’s 
Hospital in Boston, presented the primary results of the study in 
the conference hall, in which a series of curves representing the 
study drug and the placebo were in alignment across a host of 
measures: for the CV composite, CV death, all-cause mortality, 
and also hospitalization for heart failure—a key measure that has 
caused headaches for makers of other new diabetes drugs in other 
classes. 

“There had been a cloud of suspicion over all new diabetes 
drugs, including GLP-1 agonists, regarding whether they might 
increase the risk for cardiovascular problems,” Dr Pfeffer said. 
“There had also been some hope that some of these drugs may im-
prove cardiovascular health. GLP-1 receptor agonists were being 
used around the world while CV safety had yet to be established.”3 

Thus, ELIXA’s significance is its role as the first trial to report 
on CV safety for the GLP-1 agonists, which Dr Pfeffer said should 
reassure physicians and patients. “You can never, never really have 
enough safety data,” Dr Pfeffer told attendees at the session. 

While the study had the potential to demonstrate a CV benefit, 
the fact that it did not does not alarm researchers, who were meet-
ing the FDA’s criteria for safety in the wake of the rosiglitazone 
episode. Results from TECOS (Trial Evaluating Cardiovascular 

Outcomes With Sitagliptin), presented right after ELIXA, were 
also a result of new regulatory approaches that emerged after 2007, 
when the New England Journal of Medicine published a meta-anal-
ysis which determined that rosiglitazone, then a blockbuster, pre-
sented increased heart attack risk. 

ELIXA results presented June 8 also showed a modest benefit 
from lixisenatide for weight control, and no increase in the risk for 
hypoglycemia, pancreatic injury, or cancer. Risks of pancreatic injury 
or cancer have been of keen interest to the FDA in recent years. 

Silvio Inzucchi, MD, of the Yale Diabetes Center, was the dis-
cussant after results were presented. He reminded the audience of 
rosiglitazone’s history and the genesis of the current wave of CV 
outcomes trials. He said that given the requirement to prescribe 

patients on placebo other drugs to 
keep blood glucose levels in check, 
the neutral result in ELIXA “is not 
unexpected.” 

While praising the quality of the 
ELIXA trial, Dr Inzucchi asked of 
the CV trials: Are they asking the 
right questions? Are we recruiting 
the right patients? “We as clinicians 

want to know [about] a little more than just safety,” he said. 
Given the medical profile of the patients involved, Dr Inzucchi 

said it might be “naïve” for physicians primarily focused on dia-
betes care to believe that they can also affect CVD outcomes. But 
if a therapy were developed which achieved that, he said, “Only 
then will we have achieved the holy grail.” 

Sitagliptin Does Not Cause Adverse Cardiovascular 
Effects, TECOS Trial Finds

Meanwhile, the giant international TECOS trial, involving 
more than 14,000 patients, found that the dipeptidyl peptidase 4 
(DPP-4) inhibitor sitagliptin, marketed by Merck as Januvia, does 
not cause adverse CV effects, including the risk of hospitalization 
due to heart failure. But, the results showed, neither did the drug 
produce any CV benefits.

The findings, published in the  NEJM,4 are expected to 
strengthen sitagliptin’s position against its competitors in the class 
of DPP-4 inhibitors. Two other DPP-4 inhibitors face the pros-
pect of an FDA order to change their labels to indicate the hospi-
talization risk, after studies revealed it.

TECOS examined patients who were at least 50 years of age 
and had both T2DM and a history of CV issues. Patients in 673 
sites in 38 countries were randomized to take sitagliptin at a dos-
age of 100 mg per day or placebo. Of significance is the fact that 
researchers noted this was a CV safety trial and not a trial to gauge 

While the study had the potential 
to demonstrate a CV benefit, the 

fact that it did not does not alarm 
researchers.
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the effectiveness of how well sitagliptin worked to control glycated 
hemoglobin (A1C). Thus, patients in the placebo group were given 
additional therapies to control their A1C. 

The primary result was a composite of CV outcomes (Table), 
which were found in 11.4% of the patients in the sitagliptin group 
(4.06 per 100 person-years) compared with 11.6% of the patients 
who took the placebo (4.17 per 100 person years). The average 
follow-up was 3 years.

Rury R. Holman, MD, ChB, professor of diabetic medicine 
and diabetes trials at the University of Oxford, reviewed the data 
with attendees in the massive convention hall. He reviewed com-
parative data for multiple individual CV measures, all of which 
showed no difference between the sitagliptin and placebo groups. 
Dr Holman noted no differences were found between male and fe-
male patients, and there were no differences among racial groups.

The only interesting difference, he said, was a “modest” sign of 
sitagliptin being beneficial in body mass index reduction for pa-
tients who were obese; however, he said, “We need to be cautious 
before we go out and claim that.”

Results from TECOS, he said, “showed that sitagliptin did not 
increase the risk of cardiovascular events in a diverse group of pa-
tients with type 2 diabetes at a high cardiovascular risk.”

TECOS was conducted as a result of the FDA’s effort to keep 
closer watch on CV safety of newer diabetes therapies, after the 
fallout over rosiglitazone in the last decade. That drug, mar-

keted as Avandia, was a blockbuster until a 2007 meta-analysis 
in NEJM linked the drug’s use to increased heart attack risk; sub-
sequent FDA action placed restrictions on its sale, until a later 
trial refuted the 2007 claims. The FDA has since lifted the restric-
tions, but the episode changed the way regulators approach newer 
diabetes therapies.

The question of whether the TECOS trial followed patients for 
a long enough period remains, and was even noted at the end of 
the NEJM article, as authors (including Dr Holman) wrote, “These 
results cannot exclude possible benefits or risks with longer durations 
of therapy or in patients with more complicated coexisting illnesses.”

Merck had released top-line results of TECOS on April 27, 
2015.
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Table. Primary Composite Cardiovascular Outcome4,a

Sitagliptin Placebo Hazard 
Ratio 

(95% CI)
P

n (%) No. per 100
Person-years n (%) No. per 100

Person-years

No. of patients in analysis 7332 7339

Cardiovascular death, 
nonfatal myocardial
infarction, nonfatal
stroke, or hospitalization 
for unstable angina

839 
(11.4) 4.06 851 

(11.6) 4.17 0.98  
(0.89-1.08) 0.65

aIntention-to-treat analysis.

Adapted from Green JB, Bethel A, Armstrong PW, et al. Effect of sitagliptin on cardiovascular outcomes in type 2 diabetes 
[published online June 8, 2015]. N Engl J Med. doi:10.1056/NEJMoa1501352.

Real-World Data on Canagliflozin in Managed Care 
Setting Presented at ADA 

C anagliflozin quickly produced significant improvements 
in glycated hemoglobin (A1C) for patients with type 2 
diabetes mellitus (T2DM) who received the drug through 

their health plan, according to results presented on June 7 during 
a poster session.1

The drug produced noticeable improvement for patients who 
were typically being treated with at least 2 other therapies when 
they started canagliflozin. While the results from 826 patients 
were consistent with those in clinical trials, the degree of A1C im-

(Continued on page 8)
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Table. Change in A1C Values After Canagliflozin, Stratified by Pre-Period 
A1C ≥7.0%, ≥8.0%, and ≥9.0%1,a

Pre-period A1C Overall
(n = 826)

≥7.0%
(n = 715)

≥8.0%
(n = 501)

≥9.0%
(n = 270)

Mean pre-canagliflozin 
A1C (%) 8.59 8.92 9.54 10.51

Mean reduction in A1C 
(%) –0.81 –0.97 –1.30 –1.81

A1C indicates glycated hemoglobin.
aTime from index date to last A1C = 112 days (median: 105 days).

provement was still a pleasant surprise, according to Wing Chow, 
PharmD, MPH, the study’s lead author.

All patients in the study started canagliflozin in the 6-month 
window between April and October 2013, shortly after the drug 
received FDA approval on March 29, 2013.2 Researchers culled 
the data from the Optum Research Database, which captures 
claims data from UnitedHealth enrollees. Eligible enrollees were 
required to be at least 18 years of age and to have had a diagnosis 
of T2DM for at least 6 months prior to the study period.

Dr Chow explained that because data collection was limited to 
no longer than 6 months after the first prescription, the average 
follow-up time was 112 days, well short of 6 months. Thus, she 
explained, the results achieved occurred in a very short period.

In the results presented in Boston, canagliflozin was prescribed 
to patients with a range of A1C levels that had remained uncon-
trolled, even though patients were taking an average of 2.3 anti-
hyperglycemic agents, including injectables. Their mean A1C was 
8.59% at the beginning of the study. The patients’ average age was 
56 years, and 41% were women.

After being prescribed canagliflozin, patients had an average of 
3.7 fills of the prescription and took the drug on 87% of the study 
period days. Patients had a mean A1C reduction of 0.81%, while 
those with higher A1C levels at the start of the period had greater  
reductions (Table). The 270 patients with an average A1C of 
10.51% were able to bring their level down an average of 1.81%, 
according to the results.1

Canagliflozin is the first in the class of sodium glucose 
co-transporter-2 (SGLT2) inhibitors, which work differently 
from other treatments for T2DM in that excess glucose is car-
ried out of the body through the urine. The drug’s independent 
mechanism of action allows it to be used easily in combination 
with other therapies, including insulin. Besides the effect on 
A1C, SGLT2 inhibitors have been shown to help control hy-
pertension; in some cases, physicians can cut back or eliminate 
separate blood pressure medication.3

The study was supported by Janssen Scientific Affairs.

Canagliflozin in Combination
A second poster presented June 7 involved canagliflozin’s safety 

and efficacy in combination with metformin and insulin to treat 
T2DM.4 The CANVAS trial, a postmarketing study required by 
the FDA to monitor long-term cardiovascular outcomes, will run 
through April 2017; data presented at the poster session involved 
a subset of these patients.

The study evaluated 432 patients with T2DM at high risk 
of cardiovascular disease, who had a mean age of 61 years and a 
mean A1C of 8.2%. All patients were taking an insulin dose of at 
least 30 IU per day and a metformin dose of at least 2000 mg per 
day. The study group’s mean fasting plasma glucose (FPG) was 
166 mg/dL, the mean body mass index was 34.9 kg/m2, and the 
mean insulin dose was 93 IU per day.

Compared with the 146 patients taking placebo, A1C went 
down significantly for patients at both the 100-mg (139 patients) 
and 300-mg doses (148 patients). All 3 groups started with a 
mean baseline A1C of 8.2%. The A1C level for the placebo group 
went up by 0.03%; A1C for the group taking 100 mg went down 
by 0.64%, and A1C for the group taking 300 mg went down by 
0.79%.4 In addition, both doses of canagliflozin produced better 
results for FPG, body weight, and systolic blood pressure than 
metformin plus insulin alone.

The number of adverse events (AEs) related to the study drug 
was as follows: placebo, 18; canagliflozin at 100 mg, 31; and cana-
gliflozin at 300 mg, 52. Adverse events that led to discontinuation 
were 2 for placebo, 2 for the 100-mg dose, and 6 for the 300-mg 
dose. Consistent with the SGLT2 inhibitor class, the AEs most 
frequently reported were genitourinary infections. Incidence of 
hypoglycemia was similar among the groups: canagliflozin at 100 
mg (42%), at 300 mg (47%). and placebo (46%).
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D uring the American Diabetes Association (ADA) 
Presidents’ Oral Session on June 9, top-rated peer- 
reviewed abstracts were presented by key investigators. 

The 8 abstracts featured, summarized below, were selected to be 
presented at the closing session from more than 3600 submissions. 

Activated FoxM1 Enhances Insulin Secretion in Young 
Mice While Rejuvenating Replicative Potential in Aged 
Beta Cells1

The incidence of diabetes increases with age while beta-cell 
replication declines. FoxM1 is a transcription factor required for 
beta-cell replication in many situations. This study showed that 
FoxM1 expression decreases in islets with age. 

Rescuing FoxM1 expression in older beta cells could increase 
replication. However, transgenic overexpression of FoxM1 is in-
sufficient to augment beta-cell mass, even after injury. The authors 
derived a transgenic mouse line expressing FoxM1 (Beta-FoxM1 
mice). Beta-cell mass in 4-, 8- and 12-month-old mice increased 
after 2 weeks of activated FoxM1 expression. Beta-cell prolifera-
tion in Beta-FoxM1 mice was increased at 12 months, demon-
strating rejuvenation of replicative potential. 

Conversely, it was demonstrated in the author’s lab that mice 
lacking FoxM1 in the pancreas display glucose intolerance or dia-
betes with only a 60% reduction in beta-cell mass, while multiple 
mouse models of beta-cell loss maintain glucose homeostasis with 
up to an 80% loss of beta-cell mass. These data suggest that the 
loss of FoxM1 is detrimental to beta-cell function.

Mechanisms of Acute Dysglycemic Brain Dysfunction 
in T1DM2

Central nervous system deficits are well described in type 1 
diabetes mellitus (T1DM). This prospective study used functional 
magnetic resonance imaging (MRI) and a working memory task 
to assess changes in brain function between euglycemia (5.0 ± 0.5 
mmol/L) and hypoglycemia (2.6 ± 0.5 mmol/L) or hyperglycemia 
(18-20 ± 0.5 mmol/L) in youth aged 12 to 18 years with T1DM. 

Insulin clamp techniques were used with 20 participants 
in euglycemia as baseline, then hypo- or hyperglycemia (n = 
10 each) and again in euglycemia (recovery). This study is one 
of the first to describe mechanisms of acute brain dysfunction 
in T1DM youth during glycemic extremes. The investigators 

showed differential mechanistic and regional effects of hypo- and 
hyperglycemia with persistent abnormalities in neuronal activity 
at recovery despite euglycemia.

Induced Pluripotent Stem Cells Converted to 
Myotubes Mirror In Vivo Insulin Resistance in 
Humans3

Induced pluripotent stem (iPS) cells provide a unique tool for 
studying the pathophysiology of human disease. iPS cells permit 
research of patient-specific disease models not otherwise accessible. 

To create a human model of insulin resistance in muscle, the 
authors generated and analyzed iPS cell lines. These lines were 
derived from 4 individuals with mutations of the insulin receptor 
gene (IR-Mut). These cells were differentiated over 35 to 40 days 
into functional myotubes using a cocktail of bFGF, forskolin, and 
the GSK3β inhibitor BIO. 

Myotubes derived from IR-Mut patients showed impaired in-
sulin signaling with reduced levels of IR protein and reduced ac-
tivation of the IR, IRS-1, AKT, and ERK1/2 genes. Expression of 
insulin-regulated metabolic genes, including HK2, GLUT4, and 
RAD1, was also significantly reduced in IR-Mut subjects com-
pared with the control myotubes. 

In summary, iPS-derived myotubes from patients with insulin 
resistance demonstrated defects in insulin signaling, insulin-stim-
ulated metabolism, and transcriptional dysregulation. 

Human Mesenchymal Stem Cells From Offspring of 
Obese Mothers Have Increased Adipogenesis and 
Evidence for Insulin Resistance: The Healthy Start 
Study4

Maternal obesity may fundamentally change offspring risk for 
metabolic disease in later life. However, the molecular mecha-
nisms of infants are poorly understood.

Investigators tested mesenchymal stem cells (MSCs) derived 
from umbilical cord tissue of babies born to obese mothers for 
signs of increased adipogenesis and decreased myogenesis in 
culture. MSCs were cultured from term infants born to obese 
mothers (Ob MSC, n = 12; pre-pregnancy [pp] body mass index 
[BMI], 35.1 ± 1.3 kg/m2) or to normal-weight mothers (n = 12; 
pp BMI, 21.2 ± 0.3 kg/m2). 

2. FDA approves Invokana to treat type 2 diabetes [press re-
lease]. Silver Spring, MD: FDA Newsroom; March 29, 2013. http://
www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/
ucm345848.htm.
3. Smith A. Studies are showing SGLT2s also help control 
hypertension, eliminate some side effects. Am J Manag Care. 

2015;21(SP5):SP156-SP157.
4. Rosenstock J, Matthews D, Desai M, Capuano G, Meininger 
G, Canovatchel W. Impact of canagliflozin added on to insulin and 
metformin in type 2 diabetes: a substudy of the CANVAS trial. 
Diabetes. 2015; 64(suppl 1):1292-P. ●

Top Abstracts Reflect Diversity of Current Diabetes  
Research
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Prior to differentiation, Ob MSCs expressed 2-fold greater 
CD13, a cell surface marker linked to increased adipogenesis  
(P <.05).

Data in this study suggest an inherent propensity for adipo-
genesis in Ob MSCs. This study may indicate a programmed risk 
for insulin resistance that may be under epigenetic control.

The Impact of Food Insecurity on Glycemic Control 
and Dietary Habits in Low-Income Latinos With Type 
2 Diabetes5

Approximately 24% of Latino households in the United States 
are food insecure (lacking the ability to acquire sufficient food 
for all household members to lead a healthy life). Diabetes risk 
is 2.5 times more prevalent in food-insecure households than in 
food-secure households. 

The Emory Latino Diabetes Education Program (ELDEP) 
conducted an analysis to explore the association between food 
insecurity, vegetable consumption, and glycemic control. This 
was measured using the CDC Food Insecurity Questionnaire and 
plate method (full plate of vegetables, 1/2 plate, 1/3 plate, 1/4 
plate, and none). When comparing food-insecure and food-se-
cure patients, there was a difference in mean glycated hemoglobin 
(A1C) (9.9%, n = 137, vs 7.6%, n = 167, respectively; P <.001). 
Food-insecure patients also consumed fewer vegetables at their 
main meal than food-secure patients (Table 1).

Interestingly, there was no difference in BMI between food-inse-
cure and food-secure patients (31.7 kg/m2 and 31.2 kg/m2, respec-
tively), suggesting that both groups may consume comparable cal-
ories, with a difference in nutrient density. Overall, ELDEP partici-
pants lowered their baseline A1C from 8.8% to 7.7% at 3 months.

Outpatient Overnight Glucose Control With Dual- and 
Single-Hormone Artificial Pancreas Systems in T1DM: 
Randomized Controlled Trials6

In this study, benefits of the dual-hormone (insulin and gluca-

gon) artificial pancreas (DAP) were compared with the single-hor-
mone (insulin) artificial pancreas (SAP) in outpatient settings for 
the first time. The authors conducted 2 sequential randomized 
crossover trials comparing DAP, SAP, and pump therapy in con-
trolling overnight glucose.

Thirty-three patients aged 9 to 17 years were tested in a diabe-
tes camp for 3 nights per intervention. Twenty-eight patients aged 
12 to 70 years were tested at home for 2 nights per intervention. 

Both SAP and DAP increased the percentage of time spent 
between 4 and 8 mmol/L compared with pump therapy; greater 
improvement occurred with DAP than with SAP (pump therapy, 
41%; SAP, 64%; DAP, 70%; P = .04 for DAP vs SAP; P <.001 
otherwise). 

SAP reduced the time spent below 4 mmol/L compared with 
pump therapy from 12.1% to 6.8% (P = .004) while DAP re-
duced it to 3.7% (P <.001 vs pump therapy; P = .03 vs SAP). 
Both SAP and DAP similarly reduced mean glucose (Table 2) and 
time spent above 8 mmol/L compared with pump therapy.

The authors concluded that although SAP significantly im-
proves overnight control compared with use of a pump, further 
improvements in overnight glycemia may be achieved with DAP.

Brain Reward-System Activation in Response to 
Anticipation and Consumption of Palatable Food Is 
Altered by GLP-1 Receptor Activation in Humans7

It has been suggested that obese individuals have increased 
brain reward-system activation while anticipating food intake. 
This may lead to cravings for food. Decreased reward-system ac-
tivation during actual food consumption may also occur, which 
may induce overeating. The investigators hypothesized that food 
intake reduction after glucagon-like peptide-1 (GLP-1) receptor 
activation is mediated through brain areas that regulate anticipa-
tory and consummatory food reward. 

With the use of functional MRI, the effects of GLP-1 recep-
tor activation on brain responses to anticipation and receipt of 

Table 1. Food-Insecurea and Food-Secure Latinos5

Insecure Secure

% of Latinos vs national average 24 vs 14 76 vs 86

ELDEP Participants

Mean A1C 9.9% (n = 137) 7.6% (n = 167), P <.001

Patients consuming more than 1/3 plate 
nonstarchy vegetables at main meal 38% 62%, P <.01

BMI 31.7 kg/m2 31.2 kg/m2

A1C indicates glycated hemoglobin; BMI, body mass index; ELDEP, Emory Latino Diabetes Education Program.
aLacking the ability to acquire sufficient food for all household members to lead a healthy life.

Abstracts (Continued from page 9) 
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chocolate milk versus a tasteless solution were determined. Obese 
type 2 diabetes mellitus (T2DM) patients, normoglycemic obese 
subjects, and lean subjects (n = 48) underwent 3 MRI sessions 
with intravenous infusion of either exenatide, exenatide with pri-
or GLP-1 receptor blockade by exendin 9-39, or placebo. It was 
observed that BMI negatively correlated with brain responses to 
receipt of chocolate milk and positively correlated with anticipa-
tion of receipt of chocolate milk in brain areas regulating reward, 
appetite, and motivation. Exenatide versus placebo increased 
brain responses to receipt of chocolate milk and decreased an-
ticipation of receipt of chocolate milk, paralleled by reductions 
in food intake. 

In summary, GLP-1 receptor activation decreased anticipatory 
food reward. These findings provide novel insights into the mech-
anisms by which GLP-1 regulates food intake and how GLP-1 
receptor agonists induce weight loss.

Glucose Variability in Type 2 Diabetes: The Initial 
Results of the FLAT-SUGAR Trial8

A1C, while a key measuring tool for diabetes complications, 
does not readily reflect glycemic variability (GV). GV may con-
tribute to vascular disease by inducing inflammation, oxidative 
stress, and cardiac arrhythmias. The authors performed a feasibili-

ty study (FLAT-SUGAR, or Fluctuation Reduction With Insulin 
and GLP-1 Added Together) to determine whether GV could be 
reduced while maintaining similar A1C levels in participants with 
insulin-requiring T2DM similar to those in the ACCORD (Ac-
tion to Control Cardiovascular Risk in Diabetes) trial. 

102 participants were randomized to prandial therapy with ei-
ther the GLP-1 agonist exenatide or continuation of rapid-acting 
insulin analogues (basal-bolus insulin [BBI]). Masked continuous 
glucose monitoring (CGM) and metabolic markers of cardiovas-
cular risk were assessed at baseline, 13 weeks, and 26 weeks in 92 
subjects. The primary end point was comparison of changes for 
the 2 groups in the coefficients of variation (CV) of glucose from 
baseline to 26 weeks (Table 3).

A1C levels were similar (7.1 + 0.6 vs 7.2 + 0.6%), but group 
mean CV CGM changes were different for exenatide (n = 47, 
–2.4 + 7.9) than for the rapid-acting insulin analogues/BBI group 
(n = 45, + 0.4 + 5.5) (t test P = .047). There was no severe hypo-
glycemia in either group. 

This proof-of-concept trial demonstrated that GV can be 
reduced while maintaining similar A1C levels through use of a 
GLP-1 agonist, with dissimilar results from prandial insulin.

Table 2. Outpatient Overnight Glucose Control With Dual- and Single-
Hormone Artificial Pancreas Systems in T1DM6

CSII SAP DAP

Mean glucose (mmol/L) 8.4 ± 2.6
CSII vs SAP, P <.001 

7.4 ± 2.0
SAP vs DAP, P = .32

7.1 ± 1.5
DAP vs CSII, P <.001

No. of hypoglycemia events 29 10 3
CSII indicates pump therapy; DAP, dual-hormone artificial pancreas; SAP, single-hormone artificial pancreas; T1DM, type 1 diabe-
tes mellitus.

Adapted from Haidar A, Legault L, Falappa M, et al. Diabetes. 2015;64(suppl 1): abstract 383-OR.

Table 3. Glucose Variability in T2DM: Initial Results8

Exenatide BBI

Mean CV CGM at baseline 31.9 + 6.3 30.3 + 6.2

Mean CV CGM at 26 weeks
(t test P = .047, rank sum P = .024) –2.4 + 7.9 (n = 47) +0.4 + 5.5 (n = 45)

Mean A1C at baseline 7.9 + 0.3% 7.9 + 0.3%

Mean A1C at 26 weeks 7.1 + 0.6% 7.2 + 0.6%

Mean body weight change at 26 weeks (kg) –4.7 0.8 (P <.001)
A1C indicates glycated hemoglobin; BBI, basal-bolus insulin; CGM, continuous glucose monitoring; CV, coefficient of variation; 
T2DM, type 2 diabetes mellitus.

(Continued on page 12)
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S ome of the best articles published on diabetes care over the 
last year along with some of the best new research papers 
in the specialty were selected for presentation by the editors 

of the American Diabetes Association’s Diabetes Care journal. The 
papers were presented at the journal’s symposium on June 6.1

Highlights of Published Research: Epidemiology
Among the published articles on epidemiology chosen as the 

best of the last year was a study by Koskinen et al which evaluated 
cardiovascular risk in adults based on their childhood weight and 
metabolic disturbances. Youth overweight is predicted to increase 
the development of diabetes and cardiovascular disease. This study 
assessed the 21-year risk of developing subclinical atherosclerosis, 
assessed by carotid intima-media thickness (IMT), and the 21- to 
25-year risk of developing type 2 diabetes mellitus (T2DM) and 
metabolic syndrome among youth aged 9 to 24 years at baseline 
according to their body mass index (BMI) and metabolic status. 
The patients were divided into 4 categories (group I: normal 
weight, no metabolic disturbances; group II: normal weight, one 
or more metabolic disturbances; group III: overweight/obese, no 
metabolic disturbances; group IV: overweight/obese, one or more 
metabolic disturbances). BMI was higher at baseline and fol-
low-up in the overweight groups (Figure). Participants in group 
II had higher diastolic blood pressure, higher levels of plasma glu-
cose and triglycerides, and lower levels of high-density lipoprotein 
(HDL) cholesterol in 1986 (P <.05) compared with group III. 
The participants in group IV had a more adverse risk factor profile 
than those in the other groups.2 

The results showed a significant increasing trend in IMT from 
group I to group IV (P for trend <.0001). No statistically signifi-
cant difference was observed in IMT at follow-up between group 
I and group II (P for difference .35) after adjusting for baseline 
levels of glucose, triglycerides, HDL cholesterol, low-density li-
poprotein cholesterol, and systolic blood pressure. Patients who 
were overweight with no metabolic abnormalities had more than 

a 3-fold increased risk for developing diabetes compared with pa-
tients who were normal weight with no metabolic abnormalities. 
Comparing overweight patients with or without metabolic abnor-
malities, those with metabolic abnormalities at a young age had 
a greater risk of developing metabolic syndrome as adults. Group 
III had a greater risk of developing metabolic syndrome and a 
greater risk of IMT compared with group II. In conclusion, over-
weight youth have a greater cardiovascular risk as adults.2

Highlights: Psychosocial and Behavioral Research
In a population-based cohort study, Butwicka and colleagues 

looked at the risks of psychiatric disorders and suicide attempts 
in children and adolescents, based on the assumption that type 
1 diabetes mellitus (T1DM) children are at an increased risk. 
Patients with T1DM were evaluated along with their siblings and 
followed until their 18th birthday. The investigators obtained 
lists, from various diabetes and patient registers, of patients born 
from 1964 onward who had onset of T1DM before the age of 
18 years; 17,122 patients were selected (Table 1, page 14). They 
were divided into cohorts of patients born from 1973-1986, 
1987-1996, and 1997-2009 based on the time of diagnosis of 
T1DM. Psychiatric disorders identified included suicide attempt, 
psychotic disorders, mood disorders, anxiety or somatoform dis-
orders, eating disorders, psychoactive substance misuse, attention 
deficit disorder, autism disorder, intellectual disability, and any  
behavioral disorder.3 

The results showed 8.3% of the diabetics to have psychiatric 
disorders; they were 2.1 times more likely to have a psychiatric 
diagnosis and 1.7 times more likely to have attempted suicide 
compared with controls. The first 6 months after T1DM diag-
nosis were the most crucial; the risk of psychiatric disorders de-
creased with time. While the risk remains, it is difficult to assess 
the reason for the increased risk, whether it be the stress of onset 
of disease or the disease itself causing the increased psychiatric 
disorders and suicide attempts. The decline over time could be 

Diabetes Care Best of Year, Novel Clinical Interventions

References
1. Golson ML, Dunn JC, Dadi PK, Jacobson DA, Gannon MA. 
Activated FoxM1 enhances insulin secretion in young mice while 
rejuvenating replicative potential in aged beta cells. Diabetes. 
2015;64(suppl 1): abstract 378-OR.
2. O’Connell MA, Messazos BP, Northam EA, et al. Mechanisms  
of acute dysglycemic brain dysfunction in T1D. Diabetes. 
2015;64(suppl 1): abstract 379-OR.
3. Iovino S, Burkart A, Patti ME, Kahn CR. Induced pluripotent 
stem cells converted to myotubes mirror in vivo insulin resistance 
in humans. Diabetes. 2015;64(suppl 1): abstract 380-OR.
4. Boyle KE, Patinkin Z, Shapiro ALB, Dabelea D, Friedman JE.  
Human mesenchymal stem cells from offspring of obese 
mothers have increased adipogenesis and evidence for insulin 
resistance: the Healthy Start study. Diabetes. 2015;64(suppl 1): 

abstract 381-OR.
5. Rotberg B, Greene R, Mejia R, Umpierrez GE. The impact of 
food insecurity on glycemic control and dietary habits in low-in-
come Latinos with type 2 diabetes. Diabetes. 2015;64(suppl 1): 
abstract 382-OR.
6. Haidar A, Legault L, Falappa M, et al. Outpatient overnight 
glucose control with dual- and single-hormone artificial pancreas 
systems in type 1 diabetes: randomized controlled trials. Diabe-
tes. 2015;64(suppl 1): abstract 383-OR.
7. Van Bloemendaal L, Veltman DJ, Ten Kulve JS, et al. Brain re-
ward-system activation in response to anticipation and consump-
tion of palatable food is altered by GLP-1 receptor activation in 
humans. Diabetes. 2015;64(suppl 1): abstract 384-OR.
8. Hirsch IB, Probstfield JL, Davis BR, et al. glucose variability in 
type 2 diabetes: the initial results of the FLAT-SUGAR trial. Diabe-
tes. 2015;64(suppl 1): abstract 385-OR. ●

Abstracts (Continued from page 11) 



13

explained by changes in therapy, which allows for a more flexible 
lifestyle. In conclusion, children diagnosed with T1DM should 
be monitored for psychiatric disorders.3 

Highlights: Diabetic Nephropathy
Panduru and colleagues studied the predictive value of urinary 

adiponectin (uADP) for the progression of diabetic nephropathy 
(DN). DN is associated with a 2-fold increase in mortality rate in 
diabetics; therefore, patients are often screened using biomarkers 
of progression, such as the albumin excretion rate (AER) or esti-
mated glomerular filtration rate (eGFR), and adiponectin (ADP) 
may also play a role in DN pathogenesis.4 

While ADP is known for its protective effects against insulin re-
sistance, vascular dysfunction, atherosclerosis, and inflammation, 
animal studies suggest ADP regulates albuminuria and podocyte 

function. Since uADP has also been linked to renal tubular injury, 
it may reflect both glomerular and tubular damage in DN.4 

Patients with T1DM were enrolled between 1998 and 2002 
as part of the Finnish Diabetic Neuropathy Study (FinnDiane); 
the control subjects had no diabetes or family history of diabetes 
and no family history of kidney disease. The results showed higher 
uADP concentrations in patients with diabetes and normal AER 
versus subjects without diabetes (P <.0001), and uADP increased 
with worsening DN (P <.0001); it was also significantly higher 
in patients who progressed to a higher stage of DN versus non-
progressors. Results showed AER was a better predictor of micro- 
and macro-albuminuria but not end-stage renal disease (ESRD), 
where uADP was better. AER and uADP together were a better 
predictor of progression to ESRD. Difference in prediction was 
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statistically not significant when comparing uADP with eGFR 
alone, but in combination they were a better predictor than eGFR 
of progression toward ESRD.4

The uADP predicted DN progression independently of se-
rum ADP in patients with normal AER (P = .04) but not in 
patients with microalbuminuria (P = .15). In conclusion, using 
uADP as an added measure along with AER or eGFR to pre-
dict DN progression to ESRD could help physicians manage 
patients better. The authors assume that the initial ADP loss in 
urine possibly due to hyperglycemia is connected to glomerular 
dysfunction, whereas the later increase in uADP could be related 
to tubular dysfunction.4 

Novel Clinical Interventions Impacting Diabetes 
Management

Also at the Diabetes Care symposium, now in its fourth year, 
the journal released 4 papers under the theme “Novel Clinical 
Interventions in Therapy That Impact the Management of Di-
abetes.” The 4 manuscripts, summarized below, were chosen in 
a competition to be published in the July issue of Diabetes Care 
from more than 150 submitted.5

Sotagliflozin, a Dual SGLT1 and SGLT2 Inhibitor, as Adjunct 
Therapy to Insulin in Type 1 Diabetes 

Sands and colleagues studied sotagliflozin, a dual sodium 
glucose co-transporter (SGLT) 1 and SGLT2 inhibitor used as 
adjunct therapy to insulin in T1DM. This 29-day, randomized, 
double-blind trial assessed safety, insulin dose, glucose control, 
and other metabolic parameters in 33 patients; sotagliflozin 400 
mg was given once daily before breakfast. The results showed a 
statistically significant reduction in the bolus insulin dose, low-
er mean daily glucose, and reduction in glycated hemoglobin 
(A1C) compared with placebo. The percent of time in target glu-
cose range increased, and the percent of time in hyperglycemia 
decreased from baseline in the sotagliflozin group compared with 
the placebo group. The change in basal insulin was minimal for 

both the sotagliflozin and control groups. The researchers found 
no increase in hypoglycemia. Gastrointestinal disorders, specifi-
cally nausea, were the most common adverse events experienced 
on sotagliflozin.6 

Effect of Ranolazine Monotherapy on Glycemic Control in Subjects 
with Type 2 Diabetes

Ranolazine is a first-in-class agent used for treating angi-
na, including in patients with diabetes; it does not affect heart 
rate or blood pressure. Trials of ranolazine have shown a re-
duction in A1C in patients with diabetes. The drug has also 
been shown to reduce fasting and non-fasting glucose levels in 
non-clinical trials. However, since the previous trials were not 
designed to study the A1C effect, a double-blind, randomized, 
placebo-controlled trial by Eckel and colleagues evaluated the 
safety and efficacy of ranolazine monotherapy in subjects with 
T2DM inadequately controlled by diet and exercise. After the 
qualifying period (n = 605), adults aged 18 to 75 years were 
randomized (n = 465) to receive either ranolazine or placebo for 
24 weeks. Ranolazine was dosed at 500 mg twice a day and then 
titrated up to 1000 mg twice daily after 7 days. During therapy, 
patients with persistent hyperglycemia were given open-label 
rescue medication. Among the 397 patients who completed the 
study, the most common adverse effects were nausea and diz-
ziness, and 1 patient in the ranolazine group discontinued the 
study due to hypoglycemia. The results showed a statistically 
significant (P <.0001) decline in A1C in the ranolazine group 
compared with placebo (Table 2). In the ranolazine group, 
more subjects reduced their A1C to <7.0% (P = .0004), and 
fasting glucose was decreased (P = .0266).7

A recent study from the National Health and Nutrition Ex-
amination Survey showed 28% of patients with coronary artery 
disease also had diabetes, and 44% of them had angina. While 
these patients require a more complicated treatment spectrum in 
order to not aggravate either disease, ranolazine could potentially 
address both conditions.7

Table 1. Number of Psychiatric Disorders in Childhood and Adolescence in 
Relation to Diagnosis of T1DM3

Patients
With T1DM
(n = 17,122)

Unexposed Individuals:
Control Group
(n = 1,696,611)

Any psychiatric disorder 1428 (8.3%) 70,483 (4.2%)

Suicide attempt 129 (0.8%) 7427 (0.4%)
T1DM indicates type 1 diabetes mellitus.

Adapted from Butwicka A, Frisen L, Almqvist C, Zethelius B, Lichtenstein P. Diabetes Care. 2015;38(3):453-459.

Best of Year (Continued from page 13) 
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Predictive Low-Glucose Insulin Suspension Reduces Duration of 
Nocturnal Hypoglycemia in Children Without Increasing Ketosis

Nocturnal hypoglycemia, which can lead to seizures, is of 
great concern in children with T1DM. Children may have a 
higher susceptibility to long-term neurologic damage from re-
peated events of severe hypoglycemia. A study by Buckingham 
and colleagues investigated a system that will suspend insulin 
delivery for up to 2 hours or until the patient responds to the 
hypoglycemic alarm when a low-glucose threshold is reached. 
The participants, patients with T1DM, were separated into 2 
age cohorts: 11 to 14 years (n = 44) and 4 to 10 years (n = 34). 
The pump suspension system allowed the continuous glucose 
monitor (CGM) and pump to communicate with a bedside lap-
top running the hypoglycemia prediction algorithm (“the sys-
tem”). The pump suspension could not exceed 120 minutes in 
a 150-minute window or more than 180 minutes per night; ad-
ditionally, audible alarms were set at 60 mg/dL. The system was 
set randomly at active (intervention night) or not active (control 
night), each for half the time for each participant.8 

The results showed that in the 11-to-14-year age group, pump 
suspension occurred on 671 of the 955 intervention nights (70% 
of the time) for 60 minutes; 81 nights (12%) had a pump suspen-
sion of 120 minutes, and 14 (2%) had the full 3-hour suspension. 
For the 4-to-10-year age group, pump suspension occurred on 
503 of the 769 intervention nights (65%), 37 nights (7%) had 
a pump suspension lasting 120 minutes, and 9 nights (2%) had 
suspension time of the maximum 180 minutes. Median percent 
time for glucose levels less than 70 mg/dL was reduced by 54% 
(P <.001) and 50% (P <.001), respectively, for the 11-to-14-year 
and 4-to-10-year age groups. There were significant reductions on 
the intervention versus control nights for both groups, in per-
cent of nights with a CGM reading of less than 60 mg/dL and 
hypoglycemic events lasting more than 120 minutes. Overnight 
mean glucose was statistically higher in the intervention night 
versus control in both groups. There was 1 report of a methicillin- 
resistant Staphylococcus aureus infection at the pump infusion site 
related to the use of the study device.8

Day and Night Closed-Loop Control Using the Integrated 
Medtronic Hybrid Closed-Loop System in Type 1 Diabetes at 
Diabetes Camp 

Ly and colleagues studied the use of Medtronic’s integrated hy-
brid closed-loop (HCL) system for the treatment of T1DM. The 
study was conducted in an inpatient setting in 8 participants over 
48 hours followed by 21 patients for 6 days at a diabetes camp. 
There were no instances of diabetic ketoacidosis or severe hypo-
glycemia leading to seizures in the HCL group, and 1 participant 
experienced a seizure in the control group. Overall there was no 
improvement in glucose control compared with a sensor-augment-
ed pump with automated insulin suspension in the study cohort.9
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Table 2. Decline in A1C in the Ranolazine Group Compared With Placebo7

Ranolazine
(n = 199)

Placebo
(n = 195)

Baseline mean A1C (%) 8.06 ± 0.735 8.02 ± 0.728

Week 24 mean A1C (%) 7.26 ± 1.101 7.70 ± 1.183
A1C indicates glycated hemoglobin.

Adapted from Eckel RH, Henry RR, Yue P, et al. Diabetes Care. 2015;38(7):1189-1196.
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Researchers Report on Diet and Lifestyle Aspects of  
Diabetes Management

A healthy diet and lifestyle are keys to managing diabetes, 
but which diet works best? And after patients with dia-
betes lose weight, are any benefits retained if they start 

to gain the weight back? These questions were among those dis-
cussed during sessions.

Two Diet Studies, Two Approaches to Finding Keys to 
Weight Loss, Reduced Risk Factors

There’s no one way to lose weight and reduce risk factors for 
diabetes, and talks showed that there’s no one way to study the 
process, either.

Back-to-back presentations on June 6 at the session titled 
“Concepts in Nutrition and Diabetes Prevention and Treatment” 
offered 2 very different studies, each asking the question: which 
type of diet will not only help at-risk patients lose weight, but 
keep impaired glucose tolerance at bay?

Frankie B. Stentz, MS, PhD, associate professor of medi-
cine-endocrinology at the University of Tennessee Health Sci-
ence Center, presented results of an American Diabetes Asso-
ciation (ADA)-funded study that asked whether a diet high in 
carbohydrates or a diet high in protein would be best for obese 
patients who needed to lose weight and improve insulin sensitivi-
ty because they had been diagnosed with prediabetes or impaired 
glucose tolerance.1

Dr Stentz noted the statistics: 80 million Americans have pre-
diabetes, and “The rate of conversion to diabetes is 10% per year.” 
Diabetes can be held off with therapy, but lifestyle changes are 
twice as effective—if patients will make them.

The randomized controlled trial divided 18 obese patients into 
2 groups, with half to receive a high-protein (HP) diet and half 
a high-carbohydrate (HC) diet. Patients’ prediabetes status was 
determined, with all receiving an oral glucose tolerance test. Pa-
tients were told to maintain current exercise levels. They received 
prepackaged meals and were weighed each week, given a daily 
meal plan, and asked to follow a checklist to monitor compliance.

The HP diet was 30% protein, 30% fat, and 40% carbohy-
drates; the HC diet was 15% protein, 30% fat, and 55% carbo-
hydrates. All meals were balanced with fruits and vegetables, she 
said. The study period was 6 months.

Both groups lost weight, with greater overall weight loss in the 
HC group. But on nearly every other health indicator, the HP 
diet produced better results (averages):

Glycated hemoglobin (A1C). The HP group’s level decreased 
from 5.99% to 5.53%; the HC group’s, from 5.9% to 5.69%.
Homeostatic insulin resistance. The HP group’s level de-
creased from 4.69 to 1.58; the HC group’s, from 4.62 to 3.15.
Conversion rate. The HP group had a 100% conversion rate 

to normal glucose tolerance; the HC group, 44.4%.
Lean body mass. The HP group had an increase of 2.8%; the 
HC group, a decrease of 2.1%.
Fat body mass. The HP group had a decrease of 2.5%; and the 
HC group, a decrease of 3.5%.

“Our results suggest that lean body mass preservation may be 
more important than total weight loss in the conversion of im-
paired glucose tolerance to normal glucose tolerance, possibly due 
to the high insulin sensitivity of muscle cells,” the researchers stated.

Macrobiotic Diet Study
Carbohydrates may have proved less beneficial in the 

ADA-funded study, but they were the centerpiece of the diet stud-
ied by researchers from the MADIAB Group.

“There is no one-size-fits-all dietary plan for people with type 2 
diabetes,” said Yeganeh M. Khazrai, MD, who presented results on 
behalf of the group, based at University Campus Bio-Medico in 
Rome, Italy. Their work presumed that a vegan-style diet—whole 
grains, seasonal vegetables, no animal protein or fat—would be 
beneficial for patients with type 2 diabetes mellitus. Unlike the 
other diet presented, this one was 70% carbohydrates, 18% fat, 
and 12% protein, with 30 g to 35 g of fiber content per 1000 kcal.

An initial study involved putting 2 groups of 25 patients—the 
study group and a control—in a hotel for 21 days, where Dr Khazrai 
said they were “obviously happy; they were looked after very well,” 
despite strict monitoring. Results reported at the ADA conference 
were from a follow-up after 6 months.2  “We decided to evaluate 
whether these benefits could be kept in the long run,” she said.

Participants in the macrobiotic diet had already seen benefits 
after the initial 21-day study period. Notably, only 17 of the orig-
inal 25 participants in the vegan group remained by the end of the 
follow-up period. Results (averages) from the start and end of the 
6-month follow-up were as follows:

A1C. For the vegan group, the level dropped from 6.4% to 
5.9% at both the 3- and 6-month marks; for the control group, 
from 6.6% to 6.2% at 3 months and 6.3% at 6 months.
Weight loss. Major weight loss in the vegan group, an average 
of 77.1 kg versus 85.6 kg in the control group, was maintained 
up to 6 months.
Lipid profile. Both groups had maintained their lipid profile 
in the recommended range for age and gender at the 6-month 
follow-up.

The authors concluded: “Beyond the type of diet, a close follow-up 
and a continuous reinforced diet program helps [in] maintaining met-
abolic control in type 2 diabetic patients on the long-term.”
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FDA Approves Trial of Old TB Vaccine to Reverse T1DM

A vaccine in use for nearly a century to prevent tuberculosis 
could find a brand new use, it seems, based on the FDA’s 
approval of a phase 2 clinical trial to learn whether it can 

reverse type 1 diabetes mellitus (T1DM).
Denise L. Faustman, MD, PhD, director of the Massachusetts 

General Hospital (MGH) Immunobiology Laboratory and prin-
cipal investigator of the study, announced the news during her 
presentation, “Low Levels of C-Peptide Have Clinical Signficance 
for Established Type 1 Diabetes,”1 which took place on June 7.

The vaccine being studied is a generic, bacillus 
Calmette-Guerin (BCG). The MGH trial will enroll 150 pa-
tients with advanced disease for the phase 2 trial, the step of 
the research process that determines whether there is enough 
evidence of safety and efficacy to move forward with a phase 3 
trial involving a larger group of patients. A successful phase 3 
trial is needed for FDA approval.

BCG has been in clinical use for 90 years, so there are plenty 

One attendee questioned whether it was easy to get participants 
to embrace a vegan-style diet in Italy, and whether that was reflected  
in the dropout rate. Dr Khazrai noted that 17 others stayed with 
the diet, and that the 2 who left “were not from Rome.”

5-Year Follow-up After Lifestyle Intervention Examines 
CV Effects of Keeping Weight Off

Losing weight boosts health in many ways, including improve-
ments in cardiovascular (CV) risk factors. Unfortunately, not ev-
eryone who loses weight keeps it off. What’s been unclear until 
now, however, is whether those initial benefits of weight loss linger 
even if some weight is regained.

A 5-year study led by Osama Hamdy, MD, PhD, director of the 
Obesity Clinical Program at Joslin Diabetes Center, sought answers 
to that question, as well as a more basic one: can an intense interven-
tion in a clinical setting keep the weight off for the long haul?

Researchers found that it can, but patients’ chances improve if 
they manage to lose at least 7% of their body weight in the first 
year. The study also found that gains in A1C and triglycerides 
made with weight loss are the first to erode if weight is regained, 
while other improvements in lipid levels are sustained.

Dr Hamdy presented the findings at the ADA sessions on June 
6. The study, “The Long-term Effects of Intensive Lifestyle In-
tervention on Cardiovascular Risk in Patients with Diabetes in a 
Real-World Clinical Setting: a 5-Year Longitudinal Study,”3 was 
the winner of this year’s Michaela Modan Memorial Award.

“When it comes to weight loss, we know that some people 
maintain it for a longer duration and some people gain that 
weight back,” Dr Hamdy said. “It is unclear to us what the im-
pact of sustained weight loss versus weight regain is on cardiovas-
cular risk factors.”

The findings come from the work at Joslin’s “Why WAIT” 
initiative, which stands for Weight Achievement and Intensive 
Treatment, a 12-week program for persons with type 1 or type 
2 diabetes mellitus. ‘Why WAIT” features a structured diet with 
meal replacements, adjustments to diabetes medications to pro-
mote weight loss, education sessions, and an exercise program.

At the presentation, Dr Hamdy emphasized the importance 

of the exercise program, which increases from 20 to 30 minutes 
per day up to 4 times per week to 45 to 60 minutes per day 6 
times per week. Strength training is a key element; Dr Hamdy 
said patients who stuck with this component had greater success 
in keeping weight off.

Researchers at Joslin selected 129 patients with diabetes and 
obesity who had been enrolled in “Why WAIT” for 1 year and 
divided them into 2 groups based on their weight loss: Group A, 
which included 47.3% of the participants, had failed to maintain 
weight loss of 7%, and Group B (52.7%) had maintained 7% 
weight loss.

All participants had lost an average of 23.8 pounds and main-
tained an average weight loss of 16.2 pounds at the 5-year mark. 
Group A maintained a weight loss of 8.4 pounds, compared with 
23.1 pounds for Group B after 5 years.

Group A’s A1C levels had decreased from 7.5 ± 1.3% to 6.7 ± 
0.9% at 12 weeks, but at the 1-year mark, A1C had increased to 
7.7 ± 1.4%, and at 5 years it had increased further, to 8 ± 1.9%, 
after group members regained some measure of weight.

Group B’s A1C levels decreased from 7.4 ± 1.2% to 6.4 ± 
0.9% at 12 weeks and increased to 6.8 ± 1.2% at 1 year and 7.3 ± 
1.5% at 5 years as they maintained their weight loss.

“Despite weight regain, Group A maintained significant im-
provement in (low-density lipoprotein) and (high-density lipo-
protein) cholesterol, [had] no change in blood pressure, but had 
worsening of serum triglycerides,” the researchers wrote in their 
abstract. Group B maintained a similar lipid profile for 5 years 
and the same blood pressure for the first 18 months. 
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of safety data for the drug. It is currently approved by the FDA 
for vaccination against tuberculosis and for the treatment of blad-
der cancer. The vaccine works by elevating levels of the immune 
modulator tumor necrosis factor (TNF), which Dr Faustman’s 
research team has shown can temporarily eliminate the abnor-
mal white blood cells responsible for autoimmune T1DM. These 
tests have been performed in mice and humans. Increased TNF 
levels also stimulate production of protective regulatory T cells.

The 5-year, double-blinded trial will examine whether 
repeated use of the BCG vaccine can improve T1DM for 
adults who still have detectable levels of insulin secretion 
from their pancreas. Patients will be randomized to receive 
either the study drug or placebo, and will receive 2 injec-

tions 4 weeks apart, then a single injection once a year for 4 
years. The primary end point will be improved results on a 
test of glycated hemoglobin.

Dr Faustman’s research team has previously used BCG to 
reverse T1DM in mice, which led to a successful phase 1 hu-
man clinical trial of the BCG vaccine for this purpose. “We have 
learned a lot since the early studies in mice—not just about how 
BCG works but also about its potential therapeutic benefits, 
similar to what is being seen in trials against other autoimmune 
diseases,” she said.
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Diabetes: Reflecting on the Past 50 Years

A t the conference, researchers reflected on changes in di-
abetes care over the past 5 decades. According to Fred 
Whitehouse, MD, division head emeritus at the Henry 

Ford Health System in Detroit, who has been treating patients 
with diabetes for more than 50 years, “There are things that have 
happened over the past 50 years that clearly make life a lot better 
for people.”1

A Long Way From Animal Insulin
Fifty years ago, the only option for treatment of type 1 diabetes 

mellitus (T1DM) was animal insulin injections. These early insu-
lins came from pigs, and could cause allergic reactions and other 
severe adverse effects. The supply of animal insulins was limited 
by the supply of animals. Today, said Dr Whitehouse, human in-
sulin produced by microorganisms is used, an important differ-
ence because not only are there fewer adverse reactions, but there’s 
no fear of running out of it. 

In addition, a variety of different types of insulins are available, 
including long-acting and rapid-acting, all of which can be delivered 
through a variety of systems: pumps, pens, syringes, and even patches. 

Fifty years ago, the main diagnostic technique in diabetes was 
urine testing. Today, a variety of tests can monitor glucose levels, 
including the glycated hemoglobin (A1C) test, which, by measur-
ing average glucose levels over a 3-month period, “gives us a nice 
marker for showing whether a person is on the right road or not,” 
Dr Whitehouse said.

Despite the gains of the past 50 years, much room for im-
provement remains. Even as he recognized the gains of the past 
50 years, Dr Whitehouse conceded, “There’s been a lot of change, 
most of it for the better, but what people want is a cure, and we 
don’t have that yet.”

Decades of Studying Drugs
Researcher Daniel Porte, Jr, MD, professor at the University 

of California, San Diego, and professor emeritus at the University 
of Washington, has been conducting diabetes research for more 
than 50 years. He noted that although the mechanisms of diabetes 
control are better understood today than 50 years ago, it still takes 
time for basic research to translate into clinical practice. For in-
stance, Dr Porte reflected, “The drugs we use now to treat diabetes 
were first studied 30 to 40 years ago.”

According to Dr Porte, among the most important discoveries 
in the basic scientific understanding of diabetes is the pathway be-
tween the central nervous system, brain, and islet cells of the pan-
creas. “We now believe that perhaps impaired insulin action in the 
central nervous system leads to the behavioral changes we see in 
Alzheimer’s patients,” he said. “It took 40 years to discover this.”

Research Continues Into the Future
Michael Brownlee, MD, is not only a physician and researcher 

at the Albert Einstein College of Medicine’s Diabetes Research 
Center, but a T1DM patient himself. He noted that until stud-
ies changed the understanding of diabetes, the complications of 
the disease were thought to occur as a consequence of the dia-
betes itself. From the Diabetes Control and Complications Trial 
(DCCT) study,2 published in 1993, it was learned that diabe-
tes-related complications such as eye disease and kidney disease 
can occur as a direct result of high blood glucose levels. Before the 
DCCT study, noted Dr Brownlee, “The general dogma was that 
diabetes caused both metabolic changes and complications, which 
had nothing to do with each other. They were just 2 parallel mani-
festations of the disease.” He added, “We also learned from EDIC 
[Epidemiology of Diabetes Interventions and Complications],3 
the follow-up study to the DCCT, that the adverse effects of early 
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high blood glucose levels persist for many years after A1Cs are im-
proved, a phenomenon called ‘metabolic memory’.” Dr Brownlee 
continues to actively study this metabolic memory phenomenon.

The ADA supports clinicians, researchers, and patients with 
diabetes. Yet, “Despite the enormous growth in our understand-
ing of diabetes and its complications, we are still only able to 
manage the disease,” said Robert Ratner, MD, chief scientific and 
medical officer for the ADA. “The next 50 years must elucidate 
the mechanisms by which both type 1 and type 2 diabetes occur, 
along with those critical steps at which we might intervene to 
prevent disease.” Treatments should provide optimal glucose and 

metabolic control without risk of hypoglycemia, he added, and 
complications should stop.
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