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W
hen Paul Zimmet first
conducted research on
the island of Nauru
nearly four decades ago,
he was shocked to find

that a third of adults had type 2 diabe-
tes. What was once a western Pacific
anomaly has since been turning into a
global norm.

“This is probably the biggest epi-
demic in human history,” says Prof
Zimmet, director emeritus of Baker
IDI Heart and Diabetes Institute and
programme committee chairman of
the World Diabetes Congress, which
takes place in Melbourne next month.
“Each time there’s a prediction, it’s
been an underestimate.”

The latest figures from the Interna-
tional Diabetes Federation’s atlas,
published to mark World Diabetes
Day today, suggest 382m people –
more than 8 per cent of adults glo-
bally – have the condition, triggering
health spending estimated at $548bn
this year alone and causing more than
5m deaths a year.

By 2035, the IDF forecasts that the
number of cases will reach 592m.
Tackling the problem will require
redoubled efforts for effective treat-
ment, broader diagnosis and more
intense prevention.

“Despite the array of tools at our
disposal . . . the battle to protect peo-
ple from diabetes and its disabling,
life-threatening complications is being
lost,” warns the federation, an
umbrella body of national diabetes
associations that receives funding
from the pharmaceutical industry.

Diabetes occurs when the body does
not produce enough – or cannot effec-
tively use – insulin, a hormone that
allows cells to absorb glucose for
energy. While type 1, the minority of
cases, is an autoimmune condition
with rapid onset, type 2 develops grad-
ually and often goes unnoticed and
undiagnosed.

Left unchecked, diabetics – many of
whom are also obese – can develop
complications including damage to
the eyes, kidneys, feet and heart.
Aside from their own suffering, they
levy a heavy financial burden on
health systems.

Chris Viehbacher, head of Sanofi, a
leading supplier of insulin, says: “Dia-
betes is the number one health issue.
The increase is more exponential than
linear. If you want to balance the
books on healthcare costs, you have
to tackle it.”

Scientific understanding is still lim-
ited on how the condition develops,
let alone how it could be reversed.
The environment plays a large role,
with “western” processed, sugar-rich
foods and more sedentary lifestyles
widely linked to type 2 diabetes.

For type 1, there has been discus-
sion over a connection between the
rise in autoimmune conditions and

lower rates of childhood infections
such as tuberculosis. Researchers last
month at the Royal Society of Medi-
cine in London discussed some
hypotheses suggesting BCG – the
longstanding childhood TB vaccine –
could play a role in treating type 1.

Genetics are an important factor in
driving diabetes. Some ethnic groups
appear to have a predisposition for
the condition, including indigenous
peoples. Asians often develop it with-
out the accumulation of external body
fat visible in Europeans.

Studies on the effects of famine,
such as in the Netherlands at the end
of the second world war, suggest that
malnutrition in pregnant mothers
may increase the propensity of their
children to become obese. They, in
turn, pass on the same mutations to
the next generation.

Drug bills have bloated alongside
the expansion in diabetes since the
latter part of the last century. Evalu-
atePharma, a consultancy, estimates
that total worldwide pharmaceutical
sales of anti-diabetic products were
more than $36bn last year and set to
exceed $60bn by 2018.

Insulin remains the backbone for
those who have developed the condi-
tion, with sales in recent years switch-
ing from human to more innovative
analogue versions that are longer last-
ing and easier to take. Work is under
way on oral versions that could fur-
ther boost patient compliance by dis-
pensing with the need for inconven-
ient injections, although many scep-
tics point to past failures including
inhaled insulin.

Alongside cheap, widely used
generic drugs such as metformin to
delay the onset of type 2, there has
been considerable growth in new and
costlier medicines such as the class of
DPP-4 inhibitors, although recent
safety concerns have slowed their
rapid growth.

In the longer term, work is under
way on far bolder approaches such as
stem cell therapy. Mads Thomsen,
chief scientific officer at Novo Nord-
isk, the world’s biggest insulin sup-
plier, says: “We would all like to cure
and prevent diabetes. Many compa-
nies have tried and progress is being
made. But if I said 15 years ago that
we would have a cure in 15 years, I
have to say that is still 15 years out.”

He dismisses suggestions that phar-
maceutical companies prefer to focus
on maintaining patients on profitable
treatment for years rather than find-
ing a one-shot cure. “If you want to be
a real leader in a therapy area, the
patients have to be with you. If some-
body is going to cut off the branch

you are sitting on, it’s better you do it
yourself. We will work to reinvent the
business model.”

Nonetheless, with an estimated
175m cases undiagnosed and 80 per
cent of diabetics living in low and
middle income countries, many argue
that policy makers’ focus should be
elsewhere. They stress the benefits
both of redoubled prevention and
improving affordable access to exist-
ing cheap drugs such as metformin
and human insulin, rather than newer
products offering what they argue are
incremental benefits.

John Yudkin, emeritus professor at
University College London, says: “I
think a lot of people are over-treated.
Reducing glucose is only part of the
topic. We need to look at the political
economy of the diabetes and obesity
industry: that’s big food and big
pharma. We should focus on the soci-
etal production of ill health rather
than individual treatment.”

Stronger healthcare systems are
required to provide early diagnosis,
support and supplies of more afforda-
ble glucose monitoring kits as well as
drugs. There is a need for more
detailed understanding and
approaches targeted to different eth-
nic groups and cultural practices,
such as fasting and its impact on how
Muslims manage the condition.

The need for better diagnosis is not
limited to the world’s poor. Barbara
Young, head of Diabetes UK, a patient
organisation, says of UK government

approaches: “It feels like a bit of a car
crash.

“The biggest worry we have is that
none of the levers we pull appears to
be attached to anything.”

She argues that reforms to the
National Health Service, with delega-
tion of commissioning of services and
a shift in public health to local
governments, has weakened the prior-
ity given to diabetes. That is one rea-
son she has overseen a hard-hitting
new advertising campaign urging peo-
ple to respond when they are diag-
nosed.

“People don’t want to associate with
type 2,” she says. “Unless you can say
this is a serious condition, why would
they act? In an effort to reassure, GPs
sometimes say it’s just a touch of
diabetes. That’s like being a touch
pregnant. We stress that even if you
are not motivated to get a risk assess-
ment for yourself, you should think
seriously about the impact on your
family.”

Ultimately, Prof Zimmet argues that
prevention is the best option for type
2. “We need to encourage proper facil-
ities for children to exercise, and to
reduce fat and sugar in food. Just like
for tobacco usage, that may require
legislation.”

In the absence of more substantial
change in individual behaviour, sup-
ported by nudges from the public and
private sectors, there will be an ever
growing and costly burden to match
growing waistlines around the world.

Sufferers seek injection of effort
As the number of
cases and treatment
costs rise inexorably,
WorldDiabetesDay is
a reminder that there
ismuchmore to do,
writesAndrew Jack

With the cost of diabetes
growing, pushed by swell-
ing obesity rates around the
world, companies and coun-
tries are using bigger sticks
and carrots in a bid to con-
tain the problem.

This year, CVS, the US
pharmacy company, said it
would charge its workers
an extra $600 annually if
they refused to submit to
tests of their glucose levels,
body fat and weight.
Humana, the insurer, will
not hire smokers in some
states. Jones Lang LaSalle,
the property company, pays
workers for meeting certain
medical goals.

Governments are step-
ping up their efforts to com-
bat diabetes and the US is a
prime example. President
Barack Obama’s healthcare

law is designed to encour-
age corporate health pro-
grammes and ensure that
people with pre-existing
medical conditions – such
as diabetes – can get insur-
ance.

Type 2 diabetes – when
the body becomes resistant
to insulin – is often linked
to obesity and can lead to
debilitating complications
such as heart disease, blind-
ness, nerve damage and
amputation.

The fact that in many
cases diabetes can be
delayed or prevented has
made it a target for govern-
ment and corporate health
programmes. These seek to
nudge people into healthier
lifestyles and away from
behaviour that leads to
obesity, elevated glucose
levels and the consequences
that follow.

According to the Kaiser
Family Foundation, more
than half of large US com-
panies offer biometric
screening to workers and 11
per cent of those groups
reward or penalise employ-
ees based on the outcomes
of those tests.

Do such programmes

work? The reviews have
been mixed.

A 2011 study in Health
Affairs journal examined
Johnson & Johnson’s work-
site health promotion pro-
gramme and found that its
growth in medical spending
was 3.7 percentage points
lower than other big compa-
nies from 2002 to 2008. The
health of its employees
improved and the company
saved an average of $565
per worker in 2009 dollars.
J&J’s “return on invest-
ment” was up to $3.92 for
every dollar spent.

Other studies are less pos-
itive. Another report in the
same journal this year put
the case that such invest-
ment might not be so
worthwhile because over-
screening can lead to more
tests and treatments that
come with other side
effects. “Programme costs
are typically born immedi-
ately, whereas savings may
not appear until later,
accruing to future employ-
ers or the public,” the
authors wrote.

Schemes that take a
“stick” approach can func-
tion as a regressive tax,

penalising lower income
workers who struggle to
meet health requirements.
A recent Georgetown Uni-
versity study on wellness
programmes said: “Women,
low-income, and minority
individuals can be at a dis-
advantage when employers
tie the cost of insurance to
the ability to meet certain
health targets. These popu-
lations are more likely to

have the health conditions
that wellness programmes
target and face more barri-
ers to healthy living.”

Derek Yach, a former
PepsiCo executive who
recently launched the Vital-
ity Institute, which
researches prevention, says
that striking the right bal-
ance is crucial.

“The right ratio of carrot

to stick is important,” Mr
Yach says. “In the US, the
level of investment in pre-
vention is still paltry com-
pared with the money spent
on cures.”

On the macro level, the
returns on prevention can
be great. According to the
Centers for Disease Con-
trol’s diabetes prevention
programme, diet and exer-
cise changes can reduce the
risk of developing type 2
diabetes in people with pre-
diabetes by 58 per cent.

That can mean big sav-
ings in hospital bills and
lost wages. The Robert
Wood Johnson Foundation
found that the US could
save $18.4bn over the
course of 75 years if “inter-
ventions” could help 1m
obese people between the
ages of 45 and 54 reduce
their weight to a normal
level.

New technology is one
method that regulators and
companies are using to
intervene more effectively.
Wearable technology and
mobile health devices are
allowing people to monitor
their glucose levels and
keep track of the calories

they are burning.
The consultancy PwC

estimates that in Europe
such technology could pre-
vent more than 160,000
cases of diabetes by 2017
and save more than €18bn
in earnings lost to absentee-
ism and early retirement.

Medical monitoring could
be the future, although
even the industry’s keenest
evangelists acknowledge
the technology is not fully
developed.

Eric Topol, director of the
Scripps Translational Sci-
ence Institute, says that
although it is possible to
measure glucose every one
to five minutes with the
data being sent to the
patient’s smartphone, the
applications have not yet
been adequately tested.

“With nearly all the bio-
sensors, there’s a gap
between measuring accu-
rately and demonstrating
improved outcomes,” Dr
Topol says.

While many companies
are investing in health pro-
grammes, those that sell
unhealthy products are
only slowly coming around
to the notion that they

must play their part in
ensuring that their custom-
ers achieve longevity.

Giants such as Coca-Cola
and PepsiCo have been sell-
ing more zero-calorie prod-
ucts and drinks as they
attempt to fend off criticism
that they are responsible
for the rise of obesity and
diabetes. There is, however,
more to be done.

Mr Yach, who left Pep-
siCo last year after serving
as its in-house public health
expert, says industry still

has a long way to go
because junk food sells and
Wall Street is focused on
short-term profits.

He points to the case of
the recent Hostess bank-
ruptcy and the subsequent
rescue of the Twinkie, a
snack cake of sponge filled
with cream, as evidence
that progress is needed.

“It’s amazing that the
Twinkie got bailed out, if
you look at the contents of
it,” he said. “But that’s the
reality.”

Carrots and sticks approach wins mixed reviews
Prevention

Health schemes face
an uphill battle in an
era of junk food
and drink, reports
Alan Rappeport

Type 2 diabetes is
often linked to
obesity and can
lead to debilitating
complications

Have your cake and eat it: ‘It’s amazing that the Twinkie got
bailed out,’ says a prevention research expert Getty
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brings relief
Device offers real
hope for future of
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Support strategy
The nonmedical
help that patients
need is often
overlooked, says
Sarah Murray
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‘GPs sometimes say it’s
just a touch of diabetes.
That’s like being a
touch pregnant’
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From his office at the Al
Noor Hospital in Mecca,
Khalid Tayeb sees Muslims
with diabetes undertaking
their pilgrimage from
around the world. Their
practices vary widely, but
many put their health at
additional risk by fasting,
despite the lack of any
such requirement in Islam.

“According to our
religion, you are exempted
from fasting if you have
diabetes,” says Dr Tayeb.

Yet while in some other
predominantly Muslim
countries the rate is lower,
he estimates that almost
all Saudis with the
condition do not eat during
the day during Ramadan.

“When all their family is
fasting, they do not want
not to,” he says.

With more than 1.6bn
Muslims in the world,
efforts to understand the
differential impact of
diabetes are important.

Many Middle Eastern
countries are at especially
high risk, which may
partly reflect both dietary
changes and the difficulties
of regular exercise during
the heat of the day.

The latest prevalence
estimates this year place
Saudi Arabia, Qatar and
Kuwait among the 10
leading countries in the
world, at 23-24 per cent of
all adults aged 20-79.

Projections until 2035
suggest a doubling of cases
in the Middle East and
Africa from 35m people
today.

Yet systematic data
remain rare. One study in
2004 led by Ibrahim Salti at
the American University of
Beirut into Muslims in 13
countries estimated that
nearly 43 per cent of those
with type 1 diabetes and 79
per cent with type 2 fasted
for at least 15 days during

Ramadan, and less than
half changed their
treatment dose.

The result was a
significant increase during
the period in severe
hypoglycaemia (low levels
of glucose), albeit still at
relatively low levels.

That has led to
discussion on specialist
diabetic guidelines for
Muslims, including the
need for patient education,
regular blood sugar
monitoring, the
requirement to break their
fast if their glucose levels
drop sharply, and the need
for a balanced diet and
normal levels of exercise.

Dr Tayeb stresses that
there are additional
nuances around the world.

Muslims in countries far
from the equator, such as
in the UK, may have to
fast for several more hours
during summer than

others. Some Muslims
undertake a voluntary fast
throughout the year for
one to two days a week.

He is currently looking
at whether newer insulin
therapies bring less risk of
hypoglycaemia.

For now, as he and
fellow scholars wrote in a
recent article: “We
continue to avoid use of
the terms ’indications’ or
‘contraindications’ for
fasting, because fasting is
a spiritual issue for which
patients make their own
decisions after receiving
appropriate advice from
religious teachings and
from healthcare providers.

“However, we emphasise
that fasting, especially
among patients with type 1
diabetes with poor
glycemic control, is
associated with multiple
risks.”

Extra care
needs to be
taken for
Ramadan
Islam

Diabetics are not
required to fast, but
many want to do so,
writes Andrew Jack

Projections until
2035 suggest a
doubling of cases
in the Middle East
and Africa

María was diagnosed with
diabetes a decade ago, but
more or less ignored it.

When her mother died,
she took solace in sugary
snacks and sodas, while
working as a volunteer
psychologist in one of
Mexico City’s most crime-
ridden neighbourhoods. As
a result, her blood sugar
levels soared sky high.

“I’d recently lost my
mother, I was working in
this very harsh, stressful
environment, so I gave
myself some treats to have
something to look forward
to,” says the 45-year-old,
who asked not to use her
real name. “I’d go to the
supermarket and get
cookies and Cokes –
everything fattening.”

María’s weight, with
which she had battled all
her life, ballooned to 130kg.

“I was extremely thirsty, I
just couldn’t drink enough
water. I was fatigued. I had
blurry vision. It seemed as
if I couldn’t move. It was
impossible to function
normally,” she recalls. In
fact, her blood sugar was
“dangerously high”.

That was in 2005. After
years of drugs and insulin
injections, she underwent a
gastric bypass in 2011,
reducing her
stomach to the
size of an egg.
She shed 60kg,
nearly half
her body
weight, and
today she is
off insulin and
enjoys “a new
lease of life”.

Mexico – the land
that gave the world
chocolate and corn – vies

with the US for the title of
most obese nation on
earth, with 70 per cent of
its people overweight or
obese. A third of children
are, too, and the obesity
rate among adolescents has
tripled in 25 years. The UN
says Mexico’s child obesity
rate is the world’s highest.

Obesity has triggered a
type 2 diabetes epidemic in
Mexico – the country with

the sixth-highest number
of diabetes

sufferers in the
world. Some
8.7m Mexicans
have it,
according to the
International
Diabetes

Federation (IDF),
and it costs the

nation an annual
$816 per head.

Dealing with diabetes

consumes half the health
ministry’s budget,
according to Mercedes
Juan, the health secretary.

Forget the lean physique
of the Aztecs, Mexicans
today are often supersized,
their girths having
ballooned over the past
two decades, fuelled by
sedentary lifestyles and
overconsumption, often of
fried food, snacks, sodas
and the “vitamin T” diet of
tacos, tortillas and tamales.
The Mexican diabetes
federation acknowledges
that Mexicans are “an
ethnic group at high risk”
of contracting diabetes.
The disease is now one of
the top causes of death.

The problem is so acute
that Enrique Peña Nieto,
the president, urged people
to take an hour’s exercise
a day when he launched

the country’s first co-
ordinated programme on
obesity and diabetes
recently.

Mexicans are bracing for
the introduction of recently
approved taxes that slap a
peso (eight US cents) on
the price of a litre of soda
and an 8 per cent levy on
junk food – defined as
anything with more than
275 calories per 100g.

The anti-soda lobby has
been running a campaign,
“soda is sweet; diabetes
isn’t”.

Drinks giants such as
Coca-Cola insist, however,
that they urge people to
exercise and to see sodas
as healthy if part of a
balanced diet.

Ms Juan says the
government hopes swiftly
to halt the spread of
diabetes: “Within two

years, we hope we will
have stopped the rise. If
we manage that, we’ll have
done something great.”

Gisela Ayala, executive
director of the Mexican
diabetes federation, says
there are still so many
undetected cases that
things will get worse
before they get better. The
IDF forecasts that 14.1m
Mexicans will be diabetic
by 2035.

María has a friend who
is “beyond morbidly obese”
and has just been
diagnosed. “She’s horrified,
but it’s not stopping her
[from eating in the same
way],” she says.

“Until you’re ready, it’s
very hard for other people
to persuade you to lose
weight and be healthy,”
she adds. “You have to hit
a wall.”

The land that gave us corn and chocolate has an obesity epidemic

There are fewer than nine
years to go before the cente-
nary of insulin’s introduc-
tion in 1922, but David
Beran is not ready to cele-
brate. He faces a long battle
to meet the objective of the
100 Campaign, which seeks
to make the product availa-
ble universally by the time
of the anniversary.

“There are very poor lev-
els of access in low- and
middle-income countries –
and even in richer ones,”
says Mr Beran, a researcher
at the University of

Geneva’s faculty of medi-
cine, and an adviser to the
board of the International
Insulin Foundation, which
created the 100 Campaign.

He laments the lack of
systematic data on access to
diabetes care, while point-
ing to unequal access
around the world between
countries, regions and those
on low incomes.

As health systems strug-
gle everywhere to meet the
costs of the rising burden of
diabetes, he laments the
drive by pharma companies
to focus on more expensive,
innovative products.

John Yudkin, emeritus
professor at University Col-
lege London, agrees. Both
men argue for a “focus on
the basics”, with greater
efforts to distribute human
insulin widely. Instead,
they observe a shift towards

more sophisticated, long-
acting analogues which
they say are far more
expensive while offering
only modestly improved
patient compliance.

As the two academics
write in a recent joint arti-
cle in The Lancet:
“resources are being wasted
on products that show only
small benefits, while people
are not benefiting from a
product that was first used
some 90 years ago”.

But Lars Sorensen, chief

executive of Novo Nordisk,
one of the world’s largest
diabetes companies, says
just such a shift towards
greater access to more
affordable products is tak-
ing place in both lower-
income and richer coun-
tries.

Alongside stepping up
supplies of cheaper human
insulins in the developing
world, he has more recently
taken a similar tack in
countries such as Greece,
hit by the difficulties in
paying for more expensive
analogues after the 2008
financial crisis.

Doing so has also reduced
the risk of the product
“diversion” he fears if Novo
Nordisk discounts its ana-
logue insulin, which is then
re-exported by Greek trad-
ers to other European coun-
tries, undercutting prices

elsewhere, while still
depriving local patients of
supplies.

In poorer parts of the
world, he distinguishes
between the public purchas-
ers, with governments such
as Brazil arranging substan-
tial tenders at low prices for
high volume sales, and the
richer patients in the
emerging economies, who
pay directly for premium-
priced products.

He is currently experi-
menting in Kenya with a
maximum price printed on
his product to control mark-
ups. “I can probably offer
insulin to the public system
at 25 cents a day,” he says.

“But it typically disap-
pears and reappears in pri-
vate distribution marked up
to $5 a day,” he adds.

But Mr Sorensen says just
as much effort is required

with companies producing
glucose monitoring meters
and replacement test strips,
which are more expensive
than insulin supplies.

On that issue, as well as
the need for strengthened
health systems with more
staff to provide prevention
advice, diagnosis and sup-
port, he can agree with the
pharmaceutical industry’s
critics.

There is also universal
agreement about relative
prospects across the world.
“Emerging markets are
where everybody in the
pharma industry is looking
with enthusiasm,” says Prof
Yudkin.

“There is growth in India
and China, especially at a
time of shrinking possibili-
ties in the US and the
industrialised world
because of financial rigour.”

Universal availability of insulin yet to be achieved
Access to care

Distribution is still
unequal around
the world, writes
Andrew Jack

T
hree companies have long
dominated the commercial
battle over insulin. For
nearly a century since it was
first developed, the precur-

sors of what are now Novo Nordisk,
Eli Lilly and Sanofi have continued to
corner growing global sales currently
totalling $20bn a year.

From animal to human insulin, and
increasingly to longer-lasting and
more convenient “analogue” versions
using ever more discreet pen injec-
tors, the “big three” have maintained
their influence and introduced new
products, even as their rivals have
sought to win a niche.

If Eli Lilly historically controlled
insulin in North America, Novo Nord-
isk of Denmark focused on exports
into Asia, while Hoechst – now part of
Sanofi – distributed in central Europe.
Chris Viehbacher, chief executive of
Sanofi, says: “Ninety per cent of pro-
duction capacity comes from three
companies. It’s a big investment. It’s
quite difficult to make insulin, and we
produce it by the ton.”

“Insulin is a high-volume, low-cost
drug,” says Lars Sorensen, chief exec-
utive of Novo Nordisk. “In order for
people to engage in this area, they
need to make very high upstream
investment in clinical programmes,
active ingredient manufacturing,
downstream formulation and filling.
Patients and the market place are
rather conservative. That gives a mar-
gin that favours the incumbent.”

He argues that, if anything, poten-
tial generic producers have with-
drawn from the race in recent years.
Pfizer last year scrapped a partner-
ship it had forged with Biocon of
India to produce “biosimilar” insulins,
for instance. Teva of Israel, the
world’s largest generic company, has
moved slowly.

Ironically, some of the greatest com-
petition may yet come instead from
the original trio of manufacturers. Eli
Lilly has indicated that it is working
on a version of Sanofi’s product Lan-
tus, on which the patent expires in
2015. Sanofi itself is also preparing a

new formulation, U300. Merck, the
other leading global diabetes special-
ist through sales of its dipeptidyl
peptidase-4 (DPP-4) inhibitor oral drug
Januvia, is eyeing the market for
insulin, too.

Jeffrey Holford, pharmaceutical
analyst with Jefferies, questions
whether there will be significant price
cuts as a result of such rival versions.
He notes that while volumes have
grown only slowly in the US over the
past year, prices have risen more
sharply.

“We doubt Lilly will want to destroy
pricing for Lantus,” he says. “We con-
tinue to believe that this will be a
branded generic market. New produc-
ers will not attack on price but join in
and enjoy the large market size.”

Not all the news in recent months
has been positive for pharmaceutical
companies specialising in diabetes. In
February, Novo Nordisk’s long-acting
insulin Tresiba was stalled by US reg-
ulators – despite approval by their
counterparts in Europe and Japan –
over concerns that it could cause
heart problems. Fresh studies are
likely to delay its launch for three
years.

While metformin and other low-cost

generic pills still dominate pre-insulin
treatment by volume, investment con-
tinues into newer drugs despite set-
backs over safety and debates about
their incremental benefit.

Earlier this decade the drug class
called thiazolidinediones or TZDs,
designed to prevent the onset of type
2 diabetes, was undermined. This was
after GlaxoSmithKline’s Avandia and
Takeda’s Actos were both withdrawn,
following safety warnings over car-
diac problems and bladder cancer,
respectively.

Safety concerns linked to pancreati-
tis have held back sales of the class of
injectable hormones called glucagon-
like peptide (GLP)-1 agonists, led by
Byetta (which is jointly controlled by
Bristol-Myers Squibb and AstraZeneca
after their purchase of Amylin) and
Novo Nordisk’s Victoza.

DPP-4 inhibitors or gliptins, led by
Merck’s blockbuster Januvia, are the
largest class of diabetic treatments
other than insulins. Yet the growth in
their sales has slowed recently in the
US. Mr Holford points to concerns
over safety for the entire therapeutic
class – notably AstraZeneca and Bris-
tol-Myers Squibb’s Onglyza. He says
there is a new competitive threat from

sodium glucose transporter(SGLT)-2
inhibitors, led by Johnson & John-
son’s Invokana, which remove glucose
from the bloodstream.

An aspiration for drug companies in
diabetes treatment would be the
development of oral insulins. Many
see that as still a long way off,
because of difficulties in preparing a
complex biological medicine in the
form of a pill that can be swallowed
and efficiently absorbed.

Pierre Chancel, head of diabetes at
Sanofi, says: “People have been talk-
ing about it for at least 20 years and
will continue to do so. Insulin is a big
peptide and it is difficult to formulate
into a pill.”

Companies are still seeking to
expand the range of treatments to pre-
vent or slow the growth of diabetes.
Novo Nordisk has won regulatory
approval to extend the use of Victoza
for weight loss.

Yet – as with other weight loss
drugs including Vivus’ Qsymia and
Arena’s Belviq launched in recent
months – there is considerable scepti-
cism about the size of the market. The
data so far show the costs are high
and the effects are marginal and
quickly reversible.

Manufacturers
seek to expand
the range of
treatments
Drugs Potential makers of insulin are
withdrawing to develop in other areas, and
leaving it to the big three, says Andrew Jack

‘People are not
benefiting from a
product that was
first used some
90 years ago’

Getting the point:
a young child
injects himself
with a Novo
Nordisk FlexPen
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For three decades or more,
Australian policy makers
have been talking about
“closing the gap” between
the health status of the
country’s indigenous and
non-indigenous people but,
despite the rhetoric, little
has been achieved.

At the core of the
problem is type 2 diabetes,
the form synonymous with
high blood pressure,
obesity, heart disease and
renal disease.

According to the
Australian Institute of
Health and Welfare,
between 2003 and 2007, an
indigenous Australian was
seven times more likely to
have diabetes recorded on
their death certificate than
their non-indigenous
counterpart.

The most recent figures
from the Australian
Bureau of Statistics, dated
2005, say that 6.3 per cent
– or about 30,000 –
Australian Aboriginals and
Torres Strait Islanders
have diabetes.

Aborigines are three
times more likely than
other Australians to have
heart attacks, and are four
times more likely to die of
renal failure.

Diabetes is at the core of
Aboriginal health issues.
Even one of Australia’s
most famous athletes is
not immune. Cathy
Freeman won a gold medal

in the 400 metres at the
2000 Sydney Olympics.

She was diagnosed with
type 2 diabetes in 2011.

Alex Brown is one of
only about 160 indigenous
people to have completed
medical degrees in
Australia and is a leader of
the Aboriginal Research
Unit at the South
Australian Health and
Medical Research Centre in
Adelaide.

He says that part of
Australia’s failure to
combat diabetes among
Aboriginals has been
political.

There has been a
struggle between
community-based,
Aboriginal-led programmes
and those for all
Australians administered
by state and federal
governments, which did
not necessarily connect

with Aboriginal people.
“In the late 1980s,” says

Prof Brown, “the fight for
an Aboriginal frame of
reference to overcome
disadvantage had traction
and it was agreed that
this was the right
approach.

“But then, there was a
change in the policy
approach, and there were
narratives that were
framed that said the self-
determination policy had
failed Aboriginal people.

“Then we had a
regressive approach to
Aboriginal affairs for a
significant period of time.”

Prof Brown says the
approach from government
seems to be that
mainstream healthcare
provision “is where it is
at” and the expectation is
that Aboriginal people
should access mainstream
health services just like
everyone else.

“While that is reasonable
from an equity standpoint,
in practical terms, it hasn’t
quite played out as we
would like.”

The result, says Prof
Brown, is that Australia
has a health system where
“some people become
haves and others become
have-nots and, when it
comes to Aboriginal health,
the consequences are borne
by the most disadvantaged
in the community”.

Part of the problem, says
Prof Brown, is that many
of the resources to combat
diabetes and its related
illnesses are put into acute
care, and not into
preventive programmes or
primary care, which are
best often implemented at
the community level by
Aboriginal organisations.

Focusing on acute care

for a lifestyle illness such
as type 2 diabetes, he says,
is like attempting to catch
the horse after it has
bolted.

“We have a healthcare
system that is still
fundamentally glued to an
acute mindset and we
know that acute response
to a chronic disease will
really challenge the way
healthcare systems
operate,” says Prof Brown.

“Diabetes for the
indigenous population is
very clearly an epidemic,
and it will require a very
structured prevention
agenda but, to date, we
have failed to articulate
and deliver on it clearly.”

He says that a different
approach is needed: “We
are yet to grapple with the
changes that are required.”

While Australians have
been talking about closing
the gap between
indigenous and
non-indigenous health
for many years, the phrase
recently became the
slogan for a new A$4.6bn
(US$4.3bn) health policy
initiative under the
previous Labor government
of Julia Gillard and Kevin
Rudd.

One of the programme’s
six goals is to close the life
expectancy gap between
indigenous and other
Australians within a
generation, a goal that has
tackling diabetes as a
central tenet.

It is a wide gap to close.
Non-indigenous
Australians, for example,
can expect to live to 77,
while life expectancy for
their indigenous
compatriots is 67.

It is a statistic that
Australia will be judged on
in the future.

Aboriginals are still seven times
more likely to die of the disease
Country profile
Australia

Governments have
neglected to address
inequities, reports
Lachlan Colquhoun

Sufferer: Cathy Freeman

W
hen diabetics can no
longer make enough
insulin in their own pan-
creas, the normal treat-
ment is to inject the hor-

mone into their bloodstream. A better
method in principle is to replace the
failed insulin-producing “islet cells”
by transplanting new ones that can
produce a smoother flow of hormone
without the need for injections.

Since the 1990s, clinicians have been
transplanting islets from the pancreas
of deceased donors into patients with
the most dangerous form of diabetes,
who fail to recognise potentially fatal
changes in blood sugar levels.

The treatment works but suffers
from two serious drawbacks. One is
the severe shortage of suitable pancre-
ases – so only about 1,800 people
worldwide have had islet transplants.
The other is the need for recipients to
take immunosuppressant drugs indefi-
nitely to prevent rejection, which
inevitably increases the risk of devel-
oping other diseases.

Diabetes charities and biotechnol-
ogy companies are running several
research projects to overcome both
problems, by developing new sources
of insulin-producing cells, and finding
ways to prevent the host’s immune
system from attacking them.

There are several competing tech-
nologies to stop rejection – all in ani-
mal testing or very early clinical tri-
als. For example, Sernova, a Canadian
company, uses Sertoli cells, which are
normally made in the testes to protect
sperm from immune attack. Its Serto-
lin technology mixes the islet cells
with Sertoli cells in a matchbox-sized
device implanted under the skin,
where the “immune-privileged” envi-
ronment makes systemic immunosup-
pression unnecessary.

Others are developing miniature

capsules, made from various organic
materials such as cellulose and algi-
nate, to contain the transplanted cells.
The idea is that nutrients can get into
the capsule, and insulin can get out,
but the patient’s immune system can-
not penetrate it. Companies following
this route include Living Cell Tech-
nologies, based in New Zealand and
Australia, and Nuvilex of the US.

In the Islet Sheet Project – a collabo-
ration involving Professor Jonathan
Lakey at the University of California
Irvine, the Hanuman Medical Founda-
tion and Juvenile Diabetes Research
Foundation (JDRF) – the islets are the
inner layer in a sheet just 0.3mm
thick, encapsulated in alginate and
strengthened with a micromesh.

Pigs have been considered as an
alternative source of islet cells for sev-
eral years, because their islets are
physiologically very similar to those
of humans, and purified porcine insu-
lin has long been used to treat diabe-
tes. Although researchers have bred
pigs that are germfree and genetically
engineered to be more compatible
with the human immune system, reg-
ulators remain reluctant to endorse
“xenotransplantation” to people from
other species.

Meanwhile, research into human
stem cells – including adult stem
cells, embryonic stem cells and the
more recently discovered “induced
pluripotent stem cells” (iPSCs)
derived from adult cells – is giving
hope that these will eventually pro-
vide a plentiful new source of islets.

Although scientists have already
had some success in driving stem
cells to become insulin-producing beta
cells – the most important component
of islets – a lot more work will be
needed to produce these reliably and
safely.

ViaCyte, a Californian regenerative
medicine company, is leading the
development of a treatment based on
human embryonic stem cells, with
encapsulation to protect them from
the recipient’s immune system. If the
US Food and Drug Administration
agrees, its VC-01 product could begin
clinical trials next year.

Further in the future is the prospect
of moving beyond groups of islet cells
to generate a functioning pancreas –
an “artificial pancreas” in the biologi-
cal rather than electronic sense.

At the Danish Stem Cell Centre at
the University of Copenhagen, scien-
tists have discovered how to grow a
miniature pancreas, with a pictur-
esque treelike structure, from mouse
progenitor cells.

“Under optimal conditions, the ini-
tial clusters of a few cells have prolif-
erated into 40,000 cells within a
week,” says Anne Grapin-Botton,
project leader. “After growing a lot,
they transform into cells that make
either digestive enzymes or hormones
such as insulin, and they self-organise

Biological ways
to achieve the
correct levels
Research Progress is beingmade in creating
insulin-producing cells, writesClive Cookson

Picturesque tree: scientists at the Danish Stem Cell Centre have found a way to
grow a miniature pancreas from mouse progenitor cells University of Copenhagen

into branched pancreatic organoids
that are amazingly similar to the pan-
creas . . . We are now trying to adapt
this method to human stem cells.”

The Diabetes Research Institute,
based in Florida, is developing the
BioHub, a “mini-organ” that mimics
the human pancreas, containing thou-
sands of insulin-producing cells that
sense blood sugar levels and produce
precisely the right amount of insulin,
as it is needed.

However, Sarah Johnson, the
JDRF’s UK policy director, notes that
none of these biological approaches to
replacing islets can be regarded as a
cure for type 1 diabetes, however well
they work, because the new cells may
be attacked by the immune disorder
that destroyed the patient’s own cells
in the first place. “Ultimately, the
cure will be to restore the function of
insulin-producing cells and stop the
autoimmune response,” she says.

Although the ultimate causes of
type 1 diabetes remain mysterious,
Alasdair Rankin, research director of
Diabetes UK, says it may soon be pos-
sible selectively to modulate the
immune system so that the disease
“goes into remission” for short peri-
ods. That could be the foundation for
damping down the autoimmune
response for longer, and eventually
switching it off.

Building an “artificial pancreas” to
replace the patient’s insulin-produc-
ing organ after it fails is an important
theme of diabetes research.

There are two very different
approaches to the artificial pancreas.

The biological approach – to develop
a new organ through cell therapy and
tissue engineering – is the subject of a
separate article (left).

The other, covered here, is elec-
tronic and mechanical: to develop
devices that monitor glucose levels
and pump insulin into the patient as
and when the hormone is needed.

A leading centre of artificial pan-
creas research is at Cambridge univer-
sity’s Institute of Metabolic Science,
led by Roman Hovorka. His work is
funded by two big charities, Diabetes
UK and the Juvenile Diabetes
Research Foundation, as well as gov-
ernment agencies.

This year, Dr Hovorka’s team car-
ried out the world’s first clinical trial,
in which patients used an artificial
pancreas at home without medical
supervision. The 24 participants used
the device over periods of four weeks
at night, when there is particular risk
of their blood glucose levels falling
too low.

Alasdair Rankin, research director
of Diabetes UK, says: “After years of
scientists discussing the possibility of
an artificial pancreas, we are now at
the exciting point where people are
using them in their homes.

“This means we have reached a
landmark in the development of a
technology that offers real hope for a
future where type 1 diabetes does not
mean having to think constantly
about the balance of blood glucose
levels and insulin, or having to face a
much higher risk of dying early.”

Dr Hovorka is working with Cam-
bridge Consultants, the product devel-
opment company, on a new version of
the artificial pancreas. It will link a
continuous glucose meter – implanted
just below the skin to read blood
sugar levels every minute or so – via
Bluetooth to a smartphone or tablet
computer. This in turn controls
the insulin pump that delivers the

hormone into the bloodstream
through a catheter.

“Trialling the system in a natural
setting over a longer time period is
the next stage in making the system
widely available,” said Dr Hovorka.
“To do this, it must work completely
autonomously.”

Dr Rankin expects the system to be
used only at night for the time being.
“However, as the technology pro-
gresses, we expect it to make type 1
diabetes an increasingly manageable
condition, until eventually we will
reach the point where people might
check their artificial pancreas when
they get up in the morning and then
not have to think about their diabetes
for the rest of the day,” he says.

Several medical device companies
are working on the technology, both
independently and in collaboration
with JDRF. Although the insulin
pumps now on the market require
patients to set their dosing levels,
they are becoming easier to use.

The latest one from Medtronic,
called Paradigm Veo, has a “low glu-
cose suspend” mechanism that auto-
matically stops insulin delivery when
glucose levels fall below a predeter-
mined threshold, to prevent severe
hypoglycaemia.

At the same time, the sensors that
monitor glucose levels in the blood
are improving. JDRF and Medtronic
are collaborating to develop a device
that incorporates two independent
measurement techniques. It will com-
bine a glucose oxidase sensor – an
electrochemical detector commonly
used in today’s monitors – with a new
optical sensor, to provide more accu-
rate readings.

“The next step will be a ‘treat-to-
range’ system that deals with both
high and low glucose levels,” says
Sarah Johnson, JDRF UK policy direc-
tor. “Then the idea will be to tighten
the range, so that eventually we get
a ‘treat-to-target’ device that main-
tains the optimum levels the whole
time. That really will be an artificial
pancreas.”

Mechanical solution
to type 1 in sight
Devices

Hormone regulators linked
to smartphones are on the
way, says Clive Cookson

‘We are now at the exciting
point where people are
using [an artificial
pancreas] in their homes’

Regulators are reluctant to
allow ‘xenotransplantation’
to people from other
species, such as pigs
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