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Diabetes treatment in 2025: can scientific
advances keep pace with prevalence?

Mansur Shomali

Abstract: Despite the known benefits of a healthy lifestyle, many individuals find it hard

to maintain such a lifestyle in our modern world, which facilitates sedentary behavior and
overeating. As a consequence, the prevalence of type 2 diabetes mellitus is predicted to
increase dramatically over the coming years. Will developments in treatments be able to
counteract the resulting impact on morbidity and mortality? The various lines of research
can be grouped into three main categories: technological, biological, and pharmacological.
Technological solutions are focused on the delivery of insulin and glucagon via an artificial
pancreas, and components of the system are already in use, suggesting this option may

well be available within the next 10 years. Of the biological solutions, pancreas transplants
seem unlikely to be used widely, and islet cell transplants have also been hampered by a
lack of appropriate donor tissue and graft survival after transplant. However, significant
progress has been made in these areas, and additional research suggests manipulating
other cell types to replace beta cells may be a viable option in the longer term. The last
category, pharmacological research, appears the most promising for significantly reducing
the burden of type 2 diabetes mellitus. In recent years, research has concentrated on reducing
blood glucose, and the increasing pace of research has been reflected in a growing number
of antidiabetic agents. In the past few years, studies of the complementary approach of
protecting cells from the damaging effects of high blood glucose have also been reported, as
has research into the control of energy intake and energy expenditure. Evidence from studies
of dietary restriction and bariatric surgery suggests it may be possible to reset metabolism
to effectively cure diabetes, and research into pharmacological agents that could selectively
restore energy balance is currently the most exciting prospect for future treatments for people

with type 2 diabetes mellitus.
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Introduction

Before the availability of insulin in the 1920s,
hailed not only as the cure for diabetes but also as
one of the greatest advances in the treatment of
any disease, a person diagnosed with diabetes
would have faced death within a few years. Today,
diabetes is not the devastating diagnosis it would
have been 100 years ago; in fact, it is now a com-
mon misconception among the public that diabe-
tes is not a serious disease. In reality, the impact
of diabetes is so significant that it is affecting
overall life expectancy: in the United States (US),
life expectancy is falling for the first time since

statistics were collected, due to obesity and diabe-
tes [Olshansky ez al. 2005], and estimates of diabe-
tes prevalence over the coming years suggest many
of us reading this article will develop diabetes dur-
ing our lives [Whiting ez al. 2011]. The predictions
of the increased prevalence of diabetes are rarely
accompanied by predictions of improvements in
the treatment of diabetes; however, given the
impact of diabetes, it has been the focus of inten-
sive research, resulting in major advances in our
understanding of diabetes as well as in treatment
options. As the centenary of the discovery of
insulin approaches, it seems timely to consider
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how treatment options may look in the 2020s, and
the likelihood that the elusive cure for diabetes
could be found by that time.

Technological solutions

The majority of cases of diabetes are type 2 dia-
betes mellitus (T2DM), and the predicted rise in
diabetes prevalence is expected to be driven by
increases in the number of T2DM cases.
However, it is likely that significant advances in
therapy for T2DM will result from the research
in type 1 diabetes mellitus (T1DM), as they
are both essentially disorders of glucose manage-
ment (Box 1).

In TIDM, the complete lack of endogenous insu-
lin has focused research on ever-more sophisti-
cated ways to deliver insulin, with the eventual goal
of developing an ‘artificial pancreas’. The elements
are already available: a sensor to detect blood glu-
cose readings, a computer to calculate insulin

Box 1. Pathophysiology of type 1 and type 2
diabetes mellitus.

Type 1 (T1DM) and type 2 diabetes mellitus (T2DM)
are both characterized by abnormally high levels
of glucose in the bloodstream and until the 1930s,
when ‘insulin-sensitive’ and ‘insulin-insensitive’
diabetes were differentiated, all patients with
diabetes were thought to have a shortage of
insulin production [Saltiel, 2000].

Since then the pathophysiology of the two
diseases has been researched extensively, and
T1DM is relatively well understood. In short, the
patient’s immune system attacks and destroys
beta cells in the islets of the pancreas, resulting
in insulin deficiency. The factors behind the
immune response are still uncertain, but are
thought to be both genetic and environmental
[van Belle et al. 2011].

Even today, the pathophysiology of T2DM is less
well understood. At diagnosis, most patients have
insulin resistance: the pancreas is producing
insulin, but the body cannot use it effectively.
Initially, the pancreas compensates by producing
more insulin, and patients have larger beta-cell
mass. At some point, typically several years after
diagnosis, insulin production will decrease, with a
corresponding drop in beta-cell mass, and many
people with T2DM eventually need to take insulin.
Although the underlying cause is unknown, it is
thought that liver, fat, and muscle cells all play

a role, in addition to the pancreatic beta cells
[Saltiel, 2000].

requirements, and a pump to automatically deliver
insulin. The feasibility of bringing these elements
together has already been demonstrated in clinical
trials, with sensor-augmented pump therapy, inte-
grating a sensor and a pump, shown to improve
glycemic control compared with a regimen of mul-
tiple insulin injections per day [Bergenstal ez al.
2010; Hermanides ez al. 2011]. A true artificial
pancreas would also deliver glucagon to raise blood
glucose and prevent severe hypoglycemia, a con-
cept that has already been shown to be feasible
[El-Khatib ez al. 2010].

Several technological challenges need to be
overcome to produce a clinically useful artificial
pancreas. First, currently available continuous
glucose monitors measure glucose levels in
interstitial fluid rather than directly in the
blood, resulting in a time lag before changes are
measured. As a consequence, accuracy is not
sufficiently reliable, with reported error rates of
between 12% and 17%. Accuracy is likely to be
lowest when blood glucose levels are low; hence,
continuous glucose monitoring of interstitial
fluid is currently recommended only as an
adjunct to standard blood glucose monitoring
[Weinzimer and Tamborlane, 2008]. Insulin
pump technology is more advanced; neverthe-
less, today’s pumps deliver insulin subcutane-
ously, and the delay while insulin is absorbed
into the bloodstream limits the ability of soft-
ware to regulate blood glucose accurately
[Renard, 2008]. Catheter complications have
prevented intravenous delivery of insulin, and
surgically implanted pumps are expensive. It is
clear that none of these technological chal-
lenges are trivial, but given the pace of develop-
ments in technology, we can expect more
practical options for patients within the next 10
years. For example, so-called ‘smart tattoo’ bio-
sensors are capable of detecting glucose levels
continuously using a simple infrared detector
and providing results in real time. These bio-
sensors, which are based on single-walled car-
bon nanotubes wrapped in glucose-sensitive
polymers that fluoresce in the presence of glu-
cose, are currently being researched in animal
models [Barone and Strano, 2009].

Biological solutions

Even as technological solutions advance closer
and closer to an artificial pancreas, it is unlikely
that technology could ever regulate insulin as
precisely as beta cells in a healthy pancreas.
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Research therefore continues into replacing dam-
aged beta cells with functioning cells, or replacing
the entire pancreas [Claiborn and Stoffers, 2008;
Sachdeva and Stoffers, 2009]. As with the artifi-
cial pancreas, most research to date has been con-
ducted in T1DM, but the results will ultimately
translate into therapies for T2DM.

Pancreas transplants have been performed since
the late 1980s, with more than 30,000 pancreas
transplants recorded in the past 25 years
[Gruessner, 2011]. In principle, pancreas trans-
plants offer the promise of excellent outcomes for
patients with diabetes. Indeed, stricter donor cri-
teria, as well as improvements in surgical tech-
niques and immunosuppression, have led to
improved success rates, with the majority of
patients no longer needing insulin therapy after
the transplant [Gruessner, 2011]. In practice, the
vast majority of pancreas transplants are done in
patients who have end-stage renal disease and
also need a kidney transplant; this is partly due to
the shortage of donor organs, but also because the
risks of the necessary post-transplant immuno-
suppressant therapy usually outweigh the health
risks of diabetes itself.

A less invasive option that has already been shown
to be viable, at least for some patients, is replacing
pancreatic beta cells via islet cell transplants
[Truong and Shapiro, 2006]. Isolating these cells
from a donor pancreas and infusing them into the
patient’s portal vein has been researched since the
1960s, and a successful protocol using islets from
multiple donors, improved cell culture tech-
niques, and reduced toxicity was optimized dur-
ing the 1990s at the University of Alberta in
Edmonton, Canada. Using the Edmonton proto-
col, initial studies reported success; however, over
time transplanted islets lose function and patients
still require immunosuppressive drugs, which are
known to increase the risk of infections and the
incidence of malignancy, as well as being toxic to
the islet cells themselves [Alejandro er al. 2008;
Shapiro ez al. 2000].

The treatment is still considered experimental
and is only available to patients with very poor
glycemic control and severe hypoglycemic events
but, given the benefits of a successful therapy,
there is significant drive to overcome the chal-
lenges of limited availability of donor tissue and
graft survival after transplant. As well as optimiz-
ing the yield of islets from donor pancreata,
basic science research into cell differentiation

has identified possible alternative sources of beta
cells, including differentiating stem cells and
reprogramming somatic cells [Baiu ez al. 2011;
Kelly er al. 2011].Various strategies are also being
researched to improve graft survival after trans-
plantation, by developing immunosuppression
regimens that are less toxic to islets and inducing
revascularization/reinnervation of the islets
[Plesner and Verchere, 2011].

In the longer term, other biological solutions
using nonislet cells from the patient themselves
are possible options, such as transdifferentiation
(mediated by growth factor treatments or gene
transfer) of nonislet pancreatic cells or liver cells
[Claiborn and Stoffers, 2008; Kojima ez al. 2003],
and regenerating beta cells and/or expanding
beta-cell mass using mediators of beta-cell differ-
entiation and maintenance of adult beta cells
[Sachdeva and Stoffers, 2009].

Pharmacological solutions

For patients with T1DM, who make no insulin,
the only pharmacologic option is replacement
insulin. Astonishing progress has been made since
replacement insulin first became available, when
insulin batches were of variable quality and large,
twice-daily injections were needed. Today, it is
hard to imagine how difficult it must have been to
manage T1DM without disposable needles or
patients self-testing glucose. The possibilities for
improvement in pharmacological care for these
patients should not be underestimated, although
most likely they will be essentially improvements
in the convenience of insulin delivery.

In patients with T2DM, a range of pharmaco-
logic treatments have been developed, and con-
tinue to be developed (Figure 1). For many years,
treatment was dominated by two drug classes,
sulfonylureas and biguanides. These two drug
classes demonstrate not only the advances in clin-
ical research, but also the role that luck, both
good and bad, plays in the progress of treatment.
Sulfonylureas were discovered serendipitously in
France during the Second World War after hypo-
glycemia was induced in soldiers in whom the
drug was being tested as an antimicrobial agent
for typhoid fever [Vaisrub, 1972]. In the US, sul-
fonylureas first became available in 1955 and for
many years were the first-line option for treating
T2DM. These drugs were no miracle cure: as is
well known, the first-generation sulfonylureas
were associated with a high risk of hypoglycemia;
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Figure 1. US Food and Drug Administration approval of pharmacological options for type 2 diabetes mellitus.

the second-generation sulfonylureas, which are
still used today, were introduced in 1984.

Like sulfonylureas, drugs of the biguanide class
were observed to have antihyperglycemic proper-
ties before their mechanism of action was under-
stood. In fact, the class had been studied in the
1920s but, perhaps because of the excitement
over insulin, was largely ignored and it was not
until the 1950s that phenformin, buformin, and
metformin were researched in clinical trials.
Unfortunately, the only biguanide marketed in
the US, phenformin, was associated with lactic
acidosis, leading not only to withdrawal of phen-
formin but, understandably, to mistrust of other
medications in the same class [Witters, 2001]. It
was not until the 1990s, when the large United
Kingdom Prospective Diabetes Study (UKPDS)
showed the benefits of metformin, especially in
terms of weight-neutrality, that it became availa-
ble and more widely used in the US [United
Kingdom Prospective Diabetes Study Group,
1995]. More recently, metformin has been associ-
ated with reduced risk of cancer in observational
studies, although this potential additional benefit
needs to be confirmed in long-term randomized
controlled trials [Noto ez al. 2012].

The last 20 years have seen an astonishing pace in
research into the molecular pathology of diabetes.
Our improved understanding of diabetes has
facilitated the development of drug classes that

target specific metabolic pathways such as the
thiazolidinediones, dipeptidyl peptidase-4
(DPP-4) inhibitors, glucagon-like peptide-1
(GLP-1) receptor agonists, and sodium—glucose
cotransporter type 2 (SGLT?2) inhibitors (Figure 1)
[Tahrani ez al. 2011]. In the next 10 years, based
on current research, we can expect more pur-
posely targeted drugs for T2DM, and better
combinations of drugs with simpler treatment
regimens [Fakhrudin er al. 2010].

Beyond the drugs already in the pipeline, where
might research take us? Can we begin to think
about therapies that would cure or even prevent
T2DM?

For some time, researchers have known that the
brain plays an important role in eating behavior
and satiety, and ‘gut-brain’ connections may be
the next therapeutic targets, with newer drugs tar-
geting the central nervous system [Pagotto,
2009].With the currently available GLP-1 recep-
tor agonists, for example, the brain is likely to
mediate at least some of the important effects,
such as improved satiety and weight loss, regula-
tion of gastric emptying, and possibly suppression
of glucose [De Silva er al. 2011; Knauf er al
2008]. Indeed, the relatively new use of the cen-
trally acting therapy, quick-release bromocrip-
tine, illustrates the potential of the brain as a
treatment target for T2DM. Bromocriptine, a D2
dopamine receptor agonist, has been available for
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many years as a treatment for acromegaly and
hyperprolactinemia, and was approved by the US
Food and Drug Administration in May 2009 as a
treatment for T2DM [Gaziano ez al. 2010]. Similar
to when metformin was first used, the mechanism
by which bromocriptine improves glycemic control
is as-yet unknown, although it is clear that improve-
ments in glycemic control are seen without
increases in insulin concentration [Cincotta ez al.
1999; Vero Science, 2010]. Investigators believe
the drug acts at a central target in the hypothala-
mus and may affect circadian rhythms to favor
improvements in metabolism. This concept was
apparently suggested by the metabolism of migrat-
ing birds that develop seasonal insulin resistance
before migrating, and then return to a lean state
after migration [Scranton and Cincotta, 2010].

Bromocriptine is likely to be used in only a
minority of patients due to its fairly modest glu-
cose-lowering effects, although it could spark
new avenues of research for diabetes treatments,
as is always the case when new drug classes are
identified. Intriguingly, the theory of seasonal
insulin resistance in migrating birds is consistent
with studies of insulin resistance in hibernating
animals, suggesting the brain is involved via reg-
ulation of dopamine and prolactin, and plays a
role in accumulation of fat and development of
insulin resistance in winter [Martin, 2008].
Humans have no seasonal variations in dopa-
mine, but this neurotransmitter may still play a
role in insulin resistance, with people who
develop diabetes essentially trapped in a con-
stant state of ‘winter’, characterized by chronic
insulin resistance and fat accumulation. Because
there is no seasonal food shortage, there is no
loss of adipocytes, and the body never returns to
‘summer’ [Martin, 2008]. This pathway, which
bromocriptine appears to reset, could open up
entirely new approaches to preventing or even
curing T2DM.

Could an imposed food shortage help reset metab-
olism? Studies of bariatric surgery (gastric bypass,
sleeve gastrectomy, biliopancreatic diversion or
duodenal switch procedure) in obese patients with
T2DM seem to suggest that it does, with patients
receiving bariatric surgery significantly more likely
to eliminate the need for antidiabetic therapies
compared with patients receiving only medical
therapy for T2DM [Mingrone et al. 2012; Schauer
et al. 2012; Sovik et al. 2011]. These surgical pro-
cedures improve diabetes not only by causing
weight loss, but also by affecting hormones such as

GLP-1 and ghrelin, which help signal satiety and
hunger, respectively, to the human brain [Peterli ez
al. 2012]. Increasing satiety signals and reducing
hunger signals to the brain can help patients toler-
ate extreme caloric restrictions.

Dietary restriction is known to increase lifespan
in rodents, and can delay or prevent diseases
such as cancer, heart disease, and diabetes;
however, studies in nonhuman primates have
reported conflicting findings, indicating the
effects of dietary restriction are likely to be com-
plex [Mattison et al. 2012]. Such studies are
hard to replicate in people, but trials showing a
severely restricted diet can improve beta-cell
function and insulin sensitivity in patients with a
relatively short duration of T2DM suggest that
humans, like hibernating mammals, have the
capacity for recovering from insulin resistance
[Lim er al. 2011]. The problem, the study inves-
tigators believe, is that few people could main-
tain such a limited calorie intake, and any
successful nonsurgical solution may therefore
rely on drugs mimicking the effects of dietary
restriction. Given the current and predicted
prevalence of obesity, there is already intensive
research into agents that decrease appetite or
increase satiety. The endocannabinoid system is
known to have a role in the regulation of appe-
tite, but cannabinoid receptor antagonists such
as rimonabant have been associated with unac-
ceptable side effects [Eckel ez al. 2011], although
more selective agonists may be an avenue tar-
geted in the future. To date, other therapies
developed for the treatment of obesity have also
been plagued by safety issues, but there are now
several promising molecules in the early stages of
development [Eckel er al. 2011].

Among the currently available therapies for
T2DM, various classes also promote weight loss.
For example, the subcutaneous agent pramlintide
is associated with reduced food intake and body
weight in obese people with and without diabetes,
although it is associated with only modest hemo-
globin Alc (HbA1lc) reductions and the amount
of weight loss induced is also relatively small [Lee
et al. 2012]. Pramlintide is a synthetic form of
amylin, which is secreted after meals and signals
short-term satiety, and may therefore be more
useful in combination with other agents. Therapies
combining pramlintide with long-term signaling
molecules are in the early stages of development,
along with other therapies targeting appetite
[Powell et al. 2011].
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Metformin is also associated with weight loss,
although the amount of weight shed is insufficient
to meet FDA criteria for a weight loss drug (at
least 5% of body weight). Guidelines now recom-
mend physicians consider metformin for prevent-
ing or delaying diabetes in individuals with
elevated glucose measurements and a body mass
index >35 kg/m? [American Diabetes Association,
2012]. Intriguingly, research has shown that met-
formin-induced alterations mimic many of the
same transcriptional changes in the liver that
occur with dietary restriction [Dhahbi ez al
2005]. The effects of metformin are still incom-
pletely understood, but activation of AMP-
activated protein kinase (AMPK) appears to play
a central role [Zhou ez al. 2001]. AMPK is a sen-
sor of energy shortage within cells, acting as a
metabolic switch (Box 2).The role of AMPK, and
possible activators, are being intensively investi-
gated and, at present, this route appears the most
exciting line of enquiry into a possible cure for
T2DM.

Prevention of diabetes-related

complications

Using the World Health Organization cut-offs for
diagnosing diabetes may seem rather arbitrary to
patients and we often need to explain that an
HbA1c level of 6.5% was chosen because people
with blood glucose over this level are at much
higher risk of diabetic retinopathy. In clinical
practice today, patients rarely die from the imme-
diate effects of high blood sugar; instead, we
screen for and treat diabetes primarily to prevent
complications. It is clear that good control of glu-
cose levels is associated with reduced risk of com-
plications [Diabetes Control and Complications
Trial Research Group, 1993; United Kingdom
Prospective Diabetes Study Group, 1998], but
what exactly is it about high glucose that causes
complications? Could identifying and targeting
those pathways bring the residual rate of compli-
cations down to that seen in people without
diabetes?

Microvascular complications such as neuropathy,
retinopathy, and nephropathy are highly correlated
with glucose levels. Various pathways leading to the
damage that high glucose levels cause have been
proposed, including osmotic stress from sorbitol
accumulation [Lorenzi, 2007]; oxidative damage to
cells, with free radical production and reactive oxy-
gen species formation [Ceriello and Motz, 2004];
and toxicity from advanced glycation end-products

Box 2. AMP-activated protein kinase: master
switch in metabolism.

We often think of glucose as the fuel for cells,
but glucose is just one of the fuels used to
produce the actual energy source in every

cell: adenosine triphosphate (ATP). The energy
balance within individual cells is maintained

by the enzyme AMP-activated protein kinase
(AMPK], which is activated when the ratio

of ATP to adenosine monophosphate (AMP)
falls [Viollet et al. 2009]. Because AMPK is the
‘master switch’ of energy intake and energy
expenditure, this enzyme is a theoretical key
target for therapeutic intervention in patients
with T2DM. If it is possible to activate AMPK,
the resulting signaling pathways could be
manipulated to restore energy balance, making
people more fit and less likely to develop
insulin resistance, without the need to decrease
energy intake or lose weight [Gruzman et al.
2009].

Investigations of AMPK activators are already
confirming some of these theoretical effects.
For example, giving an oral AMPK agonist
AICAR to sedentary mice was shown to improve
treadmill performance [Narkar et al. 2008]. The
polyphenol resveratrol, an AMPK modulator
present in red wine, appears to protect mice
against diet-induced obesity and insulin
resistance [Lagouge et al. 2006], and has also
been shown to mimic the effects of calorie
restriction in people with obesity [Timmers
etal. 2011]. These studies are at early stages,
although a phase Il/IIl trial of the effect of
resveratrol on inflammatory mediators and
insulin resistance in patients with T2DM or
obesity is underway [ClinicalTrials.gov identifier:
NCTO01158417].

The current antidiabetes drug metformin
reportedly increases AMPK activity; however,
the mechanism of action is incompletely
understood and metformin may also

act via AMPK-independent pathways

[Foretz et al. 2010; Fryer et al. 2002]. The
antihyperglycemic effect of metformin was
discovered by chance, but the subsequent
discovery that this drug activates AMPK
raises the intriguing possibility of developing
drugs to extend the benefits of metformin
with fewer side effects. This is certainly
possible: although AMPK is found in all
cells, different complexes localize to the
liver, adipocytes, or skeletal muscles, and

a drug targeting these complexes with high
specificity could selectively restore energy
balance without harming other tissues
[Gruzman et al. 2009].
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(AGE). As proof of principle, animal studies have
shown that inhibition of AGE accumulation might
represent an effective strategy to reduce the rate of
diabetes progression and/or prevent diabetes-
related complications [Schmidt and Stern, 2000;
Watson ez al. 2011].

Macrovascular complications of T2DM, such as
myocardial infarction and ischemic stroke, may
not just be related to hyperglycemia; inflammation
mediated by macrophages appears to contribute
to, or even be responsible for, insulin resistance
[Olefsky and Glass, 2010]. Atherosclerosis is also
thought to result from chronic inflammation lead-
ing to injury to the arterial wall [Ross, 1999]. Anti-
inflammatory drugs could therefore provide a
direct method to reduce the risk of macrovascular
complications. In fact, aspirin, one of the oldest
anti-inflammatory medications, is recommended
in certain groups of patients with diabetes, but use
is limited by the high risk of bleeding [American
Diabetes Association, 2012]. Development of
compounds to inhibit mediators of inflammation,
such as tumor necrosis factor (TNF)-a and inter-
leukin (IL)-6, as well as other cytokines from fat
and immune cells, could reduce inflammation-
associated insulin resistance if the proteins could
be selected to act in a highly tissue-specific manner
without affecting other functions of the immune
system [Olefsky and Glass, 2010]. Research in this
field is still in the early stages. A trial of etanercept
(aTNF-a blocker) failed to improve insulin sensi-
tivity in patients with the metabolic syndrome
[Bernstein ez al. 2006]. However, the IL-1 receptor
antagonist drug used to treat rheumatoid arthritis,
anakinra, improved beta-cell function in patients
with T2DM [Larsen ez al. 2007, 2009], suggesting
anti-inflammatory compounds may be part of the
future treatment of diabetes.

How might treatment evolve?

The current standard of care for T2DM consists of
screening for elevated HbAlc levels or, in some
cases, fasting plasma glucose, with diagnosis fol-
lowed by management with lifestyle modifications
and metformin except where contraindicated
[American Diabetes Association, 2012]. For
patients who do not achieve HbAlc targets, anti-
diabetes medications are added to metformin; sub-
sequently, patients are monitored and further oral
antidiabetes drugs or insulin are added if needed.

Clearly, the care of patients with T2DM is cur-
rently suboptimal, largely because our healthcare

system has traditionally been based on an acute-
care model. In contrast, chronic disease manage-
ment emphasizes a team approach, medication
management and patient adherence, prevention
of complications, lifestyle modifications as well
as coordination of care among subspecialists.
Guidelines for the prevention of T2DM emphasize
moving beyond the healthcare system towards
integration with other areas, such as government
and the media [Lindstrom er al. 2010; Paulweber
et al. 2010]. There is already evidence that inter-
vention at the public health level could significantly
impact rates of T2DM [Elbel ez al. 2012; Schwartz
et al. 2012]. In the future, coordination of care
using case managers, technology that helps patients
between medical visits, such as mobile health and
telemedicine, and restructuring care using patient-
centered medical homes and accountable care
organizations may be better suited for T2DM
management [Quinn ez al. 2011].

How might treatment options look in the year
2025? We can certainly expect that genetic testing
will be used to determine whether the patient will
develop diabetes and, if so, which of the predis-
posing genes are involved. Genetic testing is
already used to diagnose subtypes of maturity-
onset diabetes of the young (MODY), for which
six different subtypes resulting from mutations in
different genes have been identified. Diagnosing
the exact subtype can help the physician select the
most appropriate treatment, as well as screening
family members who may benefit from support
with lifestyle changes [Gardner and Tai, 2012].
In the future, analogous genetic tests for TIDM
and T2DM will enable us to offer the patient the
appropriate solution, either genetic therapy to
‘repair’ the defective gene or pharmacotherapy to
compensate for it. Because there will likely be 50
or more drugs to choose from, the choice of phar-
macotherapy will be personalized based on the
patient’s genetic profile, which will also indicate
predisposition to complications such as kidney
disease or retinopathy that can then be treated
with a ‘complication-prevention’ drug. An artifi-
cial pancreas will be an option for severe cases, or
in patients who cannot tolerate other options.

Conclusion

To allow us to cope with periods of famine and
feast, humans are adapted to make the most of the
energy available to them. What ensured our sur-
vival then has become our weakness now, and all
predictions indicate the prevalence of T2DM will
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get worse before it improves. Modern lifestyles
allow continual access to food and encourage sed-
entary behavior, leading to a progressive cycle of
overeating and weight gain. Despite efforts at edu-
cation, lifestyles will likely become yet more seden-
tary over the next 20 years, facilitated by advances
in technology. For example, concepts for control-
ling the world around us with only our thoughts
would have been science fiction 20 years ago, but
are now actively researched [Hochberg ez al. 2006].
There seems little doubt that, without interven-
tions, the prevalence of T2DM will increase.

For those who prefer simplistic views, it is easy to
blame individuals for having diabetes. Indeed,
despite the clear benefits of a healthy lifestyle,
changes in long-term behavior and lifestyle are
rare. However, as we understand more about our
biology, we can appreciate that our environment
naturally puts us all at high risk of diabetes.
Nowhere is this seen more clearly than in popula-
tions that have been exposed to sudden changes
in lifestyles as a result of urbanization, such as the
Pima Indians in the US, who have far higher rates
of T2DM than Pima Indian populations in Mexico
[Esparza-Romero ez al. 2010].

Is it realistic to ask people to change their lifestyles?
The advances in therapy over the past 50 years
have provided a remarkable array of options so that
treatment can be tailored for each patient, but,
even with expert teams of dieticians and diabetes
educators, most patients need drug therapy, prob-
ably multiple-drug therapy, to achieve recom-
mended HbAIlc targets. However, in spite of
achieving HbA1c targets, they still retain a residual
risk for complications compared with people with-
out diabetes. In the future, we may accept that
drugs are needed to allow us to lead modern life-
styles without increasing our risk of diabetes. The
scientific community should be applauded for tak-
ing the pragmatic approach of searching for inter-
ventions that could help individuals, probably the
majority, who are unable to maintain healthy life-
styles in the long term. Because our lifestyle means
that diabetes will become a normal aspect of life,
the research ongoing today is vital to provide tools
to counteract the diabetes epidemic.
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