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The convergence of biology and engineering is turning health care
into an information industry. That will be disruptive, says Vijay
Vaitheeswaran, but also hugely bene†cial to patients

ing such long­heralded ideas as telemedi­
cine, personal medical devices for the
home and smart pills.

The †rst technological revolution in
modern biology started when James Wat­
son and Francis Crick described the struc­
ture of DNA half a century ago. That estab­
lished the †elds of molecular and cell
biology, the basis of the biotechnology in­
dustry. The sequencing of the human ge­
nome nearly a decade ago set o… a second
revolution w hich has started to ill uminate
the origins of diseases. 

The great convergence
Now the in dustry i s convinc ed that a third
revolution i s under way: the convergence
of b iology and engineering. A recent re­
port f rom the Massachusetts Institute of
Technology (MIT) says that physical sci­
ences have already been transformed by
their adoption of informa tion t echnology,
advanced materials, imaging, nanotech­
nology and sophisticated modelling and
simula tion. Phillip Sharp, a Nobel prize­
w inner at that university, believes that
those tools are about to be brought to bear
on biology too.

Medicine goes digital

INNOVATIO N and medicine go together.
The ancient Egyptians are thought to

have performed surgery back in 2750BC,
and the Romans developed medical tools
such as forceps and surgical needles. In
modern times medicine has been trans­
formed by w aves of discovery that have
brought marvels like antibiotics , vaccines
and heart stents. 

Given its history of inno vation , the
health­care sector has been surprisingl y re­
luctant to embrace information t echnol­
ogy (IT). Whereas every other b ig industry
has computeri sed with gusto since the
1980s, doctors in most parts of the w orld
still w ork mainly with pen and p aper.

But now, in †ts and starts, medicine is at
long last catching up. As this special report
w ill explain , it is likely to be transformed
by the in troduction of electronic health re­
cords that can be turned into searchable
medical databases, providin g a Œsmart
grid• for medicine th at will not onl y im­
prove clinical practice but also help to re­
vive drugs research. Developin g countries
are already using mobile phones to put a
doctor in to patients' pockets. Devices and
diagnostics are also going digital, advanc­
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Robert Langer, a biochemist at MIT
who holds over 500 patents in biotechnol­
ogy and medical technologies and has
started or advi sed more than 100 new com­
panies, think s innovation in medic al tech­
nologies is about to take o…. Menno Prins
of Philips , a Dutch multination al with a b ig
medical­technology division , explains
that, Œlike chemistry before it, biology is
movin g from a w orld of alchemy and i gno­
rance to becomin g a predictable, repeat­
able science.• Ajay Royyuru of IBM, an IT
giant, argues that Œit's the transformation
of b iology into an information science
from a discovery science.• 

This special report will a sk how m uch
of this grand vi sion is lik ely to become real­
ity. Some of the industry's optimism ap­
pears to be well­foun ded. As the rich
world gets older and sicker and the poor
world gets wealthier and fatter, the market
for medical inno vation s of all kin ds is
bound to grow. Clever technology can help
solve two b ig problems in health care:
overspending in the rich w orld and under­

provisionin g in the poor w orld. 
But the chances are that thi s will t ake

time, and turn out to be more of a r eforma­
tion than a revolution. The hidebound
health­care systems of the rich w orld may
resist new t echnologies even as poor coun­
tries leapfrog ahead. There is already a
backlash against genomics, which has
been oversold to consumers as a determin­
istic science. And given soaring health­care
costs, insurers and health systems may not
want to adopt new t echnologies unless in­
ventors can show conclusively that they
w ill p roduce better outcomes and o…er
value for money.

If these obstacles can be overcome,
then the biggest winner will be the p atient.
In the past medicine has taken a paternal­
istic stance, with the all­kno win g phys­
ician dispensing wisdom from on hi gh, but
that is becomin g increasingly un tenable.
Digitisation p romi ses to connect doctors
not only to everythin g they need to know
about their patients but also to other doc­
tors who have treated simil ar disorders. 

The comin g convergence of biology
and engineering will be led by inf orma­
tion technologies, which in medicine
means the digitisation of medical r ecords
and the establishment of an in telligent net­
work for sharing those records. That essen­
tial reform will en able many other b ig
technological changes to be introduced.

Just as important, it can make that infor­
mation availab le to the patients too, em­
powerin g them to play a bigger part in
managing their own he alth a…airs. This is
controversial , and with good r eason. Many
doctors, and some patients, reckon they
lack the knowledge to make informed de­
cisions. But patients actually know a great
deal about many di seases, especially
chronic ones like diabetes and heart pro­
blems with w hich they of ten live for many
years. The best way to deal wi th those is
for individual s to take more responsibility
for their own he alth and prevent problems
before they require costly hospital vi sits.
That means puttin g electronic health re­
cords directly in to patients' hands. 7

DREW GREENBLATT is ba‰ed by the
technical backwardness of America's

costly health system. He own s Marlin Steel
Wire Products, a small †rm b ased in Balti­
more that makes components for Toyota,
Roche and other multinational s. He o…ers
good health coverage for his employees,
but his health costs have nearly doubled
since 2000. Last September he went to
Congress to plead for legi slation th at
would modernise the information t ech­
nology used by Americ a's medical system.
ŒMy receptionist, my shippin g clerk and
even the industrial robots on my factory
‡oor use e­mail,• he says, Œso why can't I e­
mail my d octor?•

It is a reasonable question. Af ter all,
America spends some 16% of its GDP on
health care, the largest share of any big
country. A man from Mars would certainly
expect doctors in the world's most techno­
logically advanced country t o have ready
access to e­mail, and probably also to so­
phisticated health inf ormation t echnol­
ogies (HIT) such as electronic health re­
cords (EHRs). Put simply , EHRs are digitised
versions of all the bits of paper usually
kept in †les by all the d octors a patient sees

regularly. HIT describes all the hardware,
softwar e and other kit needed to make
sense of the data and to give remote access
to them. Yet although most health­care pro­
viders have installed comput er systems to
deal with b ack­oˆc e tasks such as billing,
shockingly few h ave modernised the bits
of their b usiness that patients like Mr
Greenblatt encounter. 

Pass the papyrus sc roll
Recent studies suggest that fewer than one­
†fth of the d octors' oˆces in Americ a o…er
EHRs. Many other rich countries are doing
better. Denmark has an electronic health
(e­health) system to which nearly every­
one is connected, and a way to track w hich
drugs have been prescribed to whom, by
whom and when. Other c ontinent al Euro­
pean countries are buildin g HIT grids. 

More impressively, parts of the devel­
oping world are leapfrogging the richer
countries' technologies. India's Apollo
hospital chain has for years been using an
advanced EHRs system, buil t locally, that
integrates back­oˆc e function s wi th the
sort of d ata on patients doctors need to see.
Apollo Health Street, a successful o…shoot,

sells HIT softwar e and services to Ameri­
can hospitals. Prathap Reddy, Apollo's
founder, wants to buil d an open­source
Œhealth superhighwa y• in In dia from
which everyone can bene†t, not just the
better­o… who use his hospitals.

Another developing­country p ioneer is
aThai company, Bumrungrad. Foreign visi­
tors to its hospital in Bangkok are often sur­
prised by its gleaming new facilities, com­
plete wi th a Starbucks co…ee shop in the
lobby, and by i ts superb customer service.
Those visible signs of moderni ty, along
w ith i ts high­quality, low­cost medical of­
ferings, have helped to make it a popular
destination for m any medical tourists
from the rich w orld. Bumrungrad makes
innovativ e use of HIT. In the absence of
suitable o…erings from Western software
vendors, the company also buil t its hospi­
tal­management system from scratch.
When Microsoft decided to enter this in­
dustry a few y ears ago, it was so impressed
that it bought the Thai †rm's softwar e divi­
sion ou tright.

If health provider s were to switc h to
EHRs integrated into a Œsmart grid• of in­
formation t echnologies, the future of 

HIT or miss

The digitisation of medical records is getting closer
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medicine could look a lot b righter. Herbert
Pardes, the head of N ew York­Presbyterian
Hospital, believes that if used properly thi s
bundle of t echnologies could give more
pow er to patients, transform the daily
practice of medicine and assist research
into new p harmaceuticals. 

The RAND Corporation , an American
think­tank , examined the potential bene­
†ts of digitising health systems in a 2005 re­
port. It estimated that, if 90% of hospitals
and doctors in America were to adopt HIT
over 15 years, the health system could save
some $77 billion a year from eˆcienc y
gains (see chart 1). If health­and­safety
bene†ts are taken into account, the gains
could double, saving about 6% of the $2.6
trillion th at will be s pent on health care in
America this year. 

HIT sceptics, includin g some leading
doctors, have pointed out that the RAND
forecast is merely a theoretical calculation,
but real­worl d experience now supports
its conclusions. A study published in the
Archives of Internal Medicine in January
compared a group of hospitals in Texas
that has adopted advanced HIT systems
w ith a group that has not. It found that the
†rst group su…ered 15% fewer deaths and
16% fewer complications , as well as enjoy­
ing lower costs.

Even stronger evidence comes from
Kaiser Permanente, an unusual American
health­care chain w hose 8.6m patients re­
ceive fully in tegrated care, rather as they
would from a government­run service
such as Britain's National Health Service
(NHS). That made it much easier to imp le­
ment an ambitiou s HIT system costing
over $4 billion. I t says it now h as Œ100%
compliance• from doctors. 

In March Kaiser Permanente published
evidence in Health A…airsshowin g that its
digital e…orts have cut vi sits per patient by
an average of 26%, thanks to more e­mail
and telephone consultation s. That saves
money and inc reases eˆciency, but pa­
tients seem to like it too. 

So America has at last decided to get se­
rious about digital medicine. The giant †s­
cal­stimulus package passed earlier thi s
year by Congress includes nearly $20 bil­
lion to create a national health­informa­
tion network , includin g incentiv es for hos­
pitals and doctors to adopt EHRs. But
various obstacles could yet get in the w ay.

Back in the early 1960s Morri s Collen of
Kaiser Permanente attended the †rst glo­
bal conference on Œmedical electronics•
and became convinc ed that this w as the
future‹onl y to see one e…ort after another
fail over the next 40 years. Eve Kurtin of

Vantage Point , an American venture­capi­
tal fund, says her company has also tried
and failed r epeatedly over the past 20
years. Even Google seems uncharacteristi­
cally cautious. The head of i ts EHRs e…ort
concedes that Œhealth is hard.•

One stumblin g block has been privacy,
but the technical tools to safeguard it, such
as encryp tion software, have improved so
much that this should no lon ger be a pro­
blem. Recent legal changes also help. A law
passed in America last year stops insurers
or employers from using genetic inf orma­
tion as a basis for discrimination. Lorenzo
Valeri of RAND's European division poin ts
to a web of EU­wi de and national regula­
tions that provi de strong safeguards.

A bigger obstacle has been resistance
from doctors, some of which stems from
failed previou s e…orts to introduce HIT.
Doctors and nurses have too often been re­

quired to learn how t o use new sof tware
but have rarely been compensated for
their time or seen tangible medical bene­
†ts. That is why much of the health money
in the American stimulu s package will g o
on providin g †nancial incentives to en­
courage doctors to go digital.

But fancy ki t and pots of money alone
are not enough, as Britain has discovered
to its cost. Under a scheme known a s Con­
necting for Health, the NHS is spending
nearly £13 billion di gitising England's
health system. It may succeed in the end,
but the process has been agonising. The re­
formers drove ruthless bargains with the
HIT vendors involv ed, but that policy
back†red, says James Barlow of Imperi al
College's business school. Two big ven­
dors, Accenture and Fujitsu , were
squeezed out. In January a parliamentary
report concluded that the project was at
least four years behind schedule and that
the †nal cost might yet soar.

An even bigger ‡aw w as that the pro­
ject was too top­down. Doctors and hospi­
tals groused that their concerns were not
re‡ected in i ts design. John Halamka, the
chief inf ormation oˆcer at Harv ard Medi­
cal School , thinks that reformers need to
take a bottom­up approach and li sten to
both doctors and patients. He has shared
EHRs with p atients at Boston's Beth Israel
Deaconess Medical Centre for years and is
convinc ed patient control w orks better. 

Top­down or bo ttom­up?
Simon Eccles, the medical director at Con­
necting for Health, counters that Œsome­
times centralisation i s good.• A top­down
approach, he says, makes it easier to set
common securi ty standards and data­
sharing protocols, for example. That may
well be true for small countries. Denmark,
for example, has done well with a modes t
top­down HIT system. But it will p robably
work less well in a large and heteroge­
neous system like the NHS. Dr Eccles con­
cedes that his system could have provided
more choice to local hospitals. 

Kaiser Permanente's Dr Collen, now in
his 90s, thinks that technology has at last
become robust and reliable enough to im­
plement the vi sion he had over four de­
cades ago. But the father of HIT insists that
digitisation will s ucceed only if c oupled
w ith empowerment : ŒThe patient has
lived wi th his medical problem and often
know s it better than the doctor.• 

The American HIT reform s will unf old
in three phases (see chart 2, next page). The
†rst will in volv e health­informa tion ex­
changes to make sure that systems work to­
gether. The next phase‹whic h may run
concurrentl y wi th the †rst‹will be the
adoption of EHRs. The †nal phase will in­
volve the analysis of patient data to im­
prove medical practice and drugs research.

One concern is that big softwar e ven­
dors or health provider s wi th expensive
legacy systems may try to s low thin gs
down so th at they can milk their e xisting
businesses. Peter Neupert, who heads Mi­
crosoft's HIT e…ort, fears that a debate
about standards could turn in to an excuse
for inaction: ŒLet's remember HIT is not
like railways , where the gauges had to
match perfectly for in teroperability .• 

America's respected Institute of Medi­
cine has expressed simil ar concerns. In a
recent report it poin ted to the dangers of
too Œmonolithic• an approach and said
that medical information m ust be free to
move about on ri val softwar e systems. 

The best way to ensure that the †rst
phase does not get captured by in terest 
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groups may be to push ahead wi th phase
two at the same time by puttin g EHRs in
the hands of patients. But this is controver­
sial. Thomas Lee, the boss of Partners
Communi ty Healthcare, a large health pro­
vider in Boston, and a medical doctor him­
self, acknowledg es that the days of the all­
knowin g doctor are gone. ŒI openly Goo­
gle things I don't kno w in f ront of m y
patients,• he says. But nor does he think
patients should be given a free hand: ŒI

want the provi der to control records be­
hind a †rewall , and to let patients peep into
them as necessary.•

That view is sq uarely opposed by Aure­
lia Boyer, the chief information oˆc er for
New York­Presbyterian Hospital and a for­
mer nurse. She thinks that health care is
Œpaternalistic by n ature.• Rather than wait
for HIT integration among l umbering
health­care giants, she wants to give pa­
tients access to their data immediately, in

the hope of linking up the di sconnected
bits of the health system more speedily. 

Her hospital has just launched a pilot
EHRs scheme using Microsoft's Health
Vault softwar e that gives full control of
data to individual s. Patients can now de­
cide which bits of their records they wi sh
to share with whom: all of them wi th their
emergency medical doctor, most wi th
their in surers, some with their derm atolo­
gist, and so on. Some doctors worry th at
patients may not alway s make the right de­
cisions, but at least an electronic system
w ill elimin ate the mix­ups that happen in
today's paper­based system. 

A recent investigation of the NHSby the
Health Service Journal foun d that many pa­
per­based records are lost or mi splaced. It
calculated that perhaps 1.2m British pa­
tients are being treated each year by doc­
tors wi thout proper notes to hand. Ian Gal­
lifan t of Zaptag, a brash British †rm th at is
tryin g to prise control of medical r ecords
away f rom doctors, puts it this way: ŒRe­
cords have to be owned by someone and
the trials in Britain are perhaps indicating
that the NHSis not the entity to h ave that
responsibility. Why not the in dividual,
who has the most to gain?• 7

2As easy as one, two, three

Source: CSC Healthcare
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ANDY GROVE thinks health­care experts
should study the chip b usiness. The

former boss of Intel, a pioneering micro­
processor †rm, has spent a lot of time in
hospitals of late because he has been batt­
ling wi th prostate cancer and Parkinson's
disease. His experience wi th uneven care,
medical errors and slow inno vation h as
convinc ed him th at the health in dustry
needs to do much better.

Dr Grove acknowledg es that health
care is much more complex than chip
manufacturing , but argues that the learn­
ing process in medicine is needlessly slow.
In his business, †rms alway s reserve a
small portion of e ach newl y designed chip
for testing. This reduces the part available
for commercial use, but it allo ws †rms to
learn quickly f rom failures. By contrast,
health care often lacks real­time inf orma­
tion systems and data feedback loops are
sluggish. Learning comes in batches, like
slow and inf requent trains, not like contin­
uous Federal Express deliveries. 

In the past, observes Dr Grove, hospi­
tals rarely designed experiment s to mea­
sure the comparativ e e…ectiveness of alter­
native intervention s. Even in drugs trials
researchers do not try h ard enough to learn
from failure. He cites in evidence a drug
trial by Am gen, a biotech giant, where the
researchers concluded that the drug was
not e…ective. But it di d w ork in some peo­
ple, just not suˆcientl y w ell in enough of
them to count as a success. 

So why di d it w ork at all in anyone?
Someone with a p hysics background
would think th at the problem was poorly
targeted delivery of the drug wi thin the
body, he says, not the drug itself. ŒWe've
got to know.•

A growin g chorus of think ers is arguing
that health­care provider s and drug com­
panies must shif t to a cultur e of continu­
ous improvement of the sort th at made
Toyota famous. In †ts and starts, this is be­
ginnin g to happen. In time, as countries in­
tegrate EHRs with c linical practice and

drugs research, it will become the norm. 
ŒThe dirty li ttle secret about medicine•,

con†des Paul Yock of Stanford University,
Œis that w e physicians make decisions all
the time based on woefull y incomplete in­
formation.• He is convinc ed that invest­
ment in a medical smart grid can make
medicine more systematic and evidence­
based. At present, health outcomes vary
enormously among and even wi thin in sti­
tution s. HIT, done properly, can produce
systems that advi se doctors on best prac­
tice and help hospitals identify the causes
of variability.

W innin g hearts and min ds
Buyin g a lot of expensive computers is not
the answer. As Harvard's Dr Halamka puts
it, Œjust automatin g a broken process
doesn't accomplish much.• Indeed, the
boˆn s at the Institute of Medicine reckon
that spending on digitisation wi thout con­
necting it to the organisational cultur e risks
making things worse. Any new HIT sys­

Flying blind

Digital medicine will improve medical care‹and possibly revive drug discovery too
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2 tems, they say, must include Œcognitive
support• th at helps doctors and patients
make sense of the deluge of medical data
that will come their w ay. 

One way to do this is to devise software
systems that mine data on large numbers
of patients with simil ar illnesses and pro­
vide guidance to doctors in real time. The
system used by Kaiser Permanente can
spot potential interactions among drugs or
alert nurses, say, that an elderly patient
should come in for a ‡u shot. 

Big health­care payers, whether private
insurers or governments, are becoming
convinc ed that this kind of HIT not onl y
improv es medical practice but can save
money too. Ronald Williams , the head of
Aetna, an American health­insurance
giant, says his †rm has invested $1 billion
so it can mine its customer database for in­
formation t o be conveyed to physicians
electronically.

Not this le g
Smart softwar e can also reduce medical er­
rors. A study published in the British Medi­
cal Journal in 2007 estimated that 30,000
hospital patients in the Netherlands suf­
fered avoidab le harm each year because of
such mistakes, and 1,700 of them lost their
lives. A report by the Institute of Medicine
estimated that up to 100,000 Americans
are killed each year by preventable mis­
haps such as wrong­side surgery, medica­
tion errors and hospital­acquired infec­
tions‹a l arger number than die from
breast cancer or AIDS. 

Sometimes such errors can be prevent­
ed wi thout fancy technology. It helps to
w rite Œnot this leg• on a patient's left leg be­
fore surgery on hi s right leg. When Kaiser
Permanente's innovation l aboratory
looked into errors in medication d osage, it
found that a lot of them w ere due to inter­
ruption s. Now n urses preparing complex
medications wear Œdo not disturb• sashes,
which has caused errors to drop notice­
ably. A strikin g study in the New England
Journal of Medicine showed that surgical
errors and complication s fall by one­thir d
if ho spitals use a simp le safety checklist
before, durin g and after surgery. 

Another e…ective †x is the electronic
tracking of medications and patients wi th
radio­frequency identi†cation (RFID) tags
or bar codes. But for th at to work, a hospital
must put a decent HIT system in place †rst. 

The health­care industry h as started to
learn from the successful e…orts at quality
improvemen t in other b ig and complex in­
dustries. Many health provider s now em­
ploy statistical tools like Six Sigma, long

used by †rms lik e GEto reduce variability
in manufacturing , and other methods bor­
row ed from in dustry.

Some doctors remain suspicious, fear­
ing that the number crunchers will c om­
moditi se medicine. Bill Gates, Microsoft's
former boss, acknowledg es that it i s im­
possible to Œroutini se• the complex job of a
doctor, and feels that techniques which
worked in other in dustries cannot be ap­
plied to medicine wi thout further thou ght.
Still , he is struck by the enormous v ariance
between average and best outcomes in
hospitals: ŒWe're not even close to our po­
tential in thi s industry. Given our very hi gh
costs, America must be the pioneer.•

One physician who readily admit s to
being a technosceptic is Craig Smith of
New York­Presbyterian Hospital. A cardiac
surgeon, he insists that Œmedicine is a per­
formin g art, and you'll never end var­
iance.• He concedes that he used to see HIT
as more of a nuisance than a help. But in
the past year patient­centric EHRs, clinical­
decision support systems and hospital­an­
alytics softwar e have become so user­
friendly and useful th at he is now an en­
thusiastic convert : ŒWhen you get HIT
right, a doctor is no longer limi ted by the
lessons of personal experience.•

Another area where HIT could prove
very helpful is in the di scovery, dispensa­
tion and dosing of pharmaceuticals. At the
moment there is precious little inf orma­
tion about how dru gs are actually used
and how di…erent drugs interact wi th each
other. Some experts suggest that perhaps
half of all medicines are t aken at the
w rong dose and frequency. 

A smart grid for medicine could change
that. Dr Eccles of the NHS's Connecting for
Health scheme is convinc ed that if such a
system had been in place, the trouble wi th
Vioxx (a painkiller m ade by Merck that
was recalled after a spate of deaths) would
have been spotted sooner. Advocates en­
visage linking EHRs wi th research so that
patient records can be Œcombined and
mined• to look for s imil ar correlation s. 

Done right, such a system could even
answer Dr Grove's call for faster Œinforma­
tion turns• th at could lead to speedier de­
velopment of new tr eatments. Daniel Va­
sella, chairm an of Novartis, a Swiss drugs
giant, thinks that any future HIT systems
must measure outcomes in a standardised
format, capture any side­e…ects and feed
that information back to the pharmaceuti­
cals researchers. 

But the idea of allowin g researchers to
harvest patient data, even if p rivacy safe­
guards are in place, is provin g controver­

sial. A Dutch e…ort to imp lement EHRs was
delayed earlier this y ear because inade­
quate safeguards for patient privacy
caused a public backlash. And in Britain in
March angry medical groups protested to
the justice minister about a proposed
scheme to harvest medical data. Apparent­
ly the government's ini tial plan had been
to scour EHRs not only f or medical pur­
poses such as drugs research but also for
political objectives such as †nding out
who was eligible for f ree school meals. 

A sense of ownership
Such incidents bolster the arguments for
ensuring that EHRs be †rmly controlled by
patients rather than doctors or hospitals,
let alone government s. Even Dr Eccles
agrees: ŒIn England we have a paternalistic
approach akin to a parent­child relation­
ship.• At the moment, he explains, patient
records are legally the property of the gov­
ernment , but in p ractice hospitals act as
though they own them. In f uture he wants
to see patients being given equal access: ŒIf
done this way, I think di gitisation can put
the patient back in charge of his own c are.•
That may even allow p atients to drive
medical research. 7
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ŒTWENTY years ago doctors had tight
control over all medical inf orma­

tion. We want that power to shif t to indi­
viduals,• says Anne Wojcicki, a co­founder
of 23andMe, a Californi an genomics †rm
that counts Google as one of its investors.
Her †rm takes in saliva samples by mail,
analyses a tiny bit of the genetic material
they contain and posts information about
the provi der's health and ancestry gleaned
from them on a secure website. 

She wants to extend the idea of patient
empowermen t to the age of genomics (the
study of all genes in the genome and the
interactions among them). Her customers
are already formin g online chat groups
and blogs to share details of speci†c genet­
ic mutation s and exchange family and ge­
nomic hi stories. 

Does the analysis done by her †rm
have enough predictiv e value for i ts sub­
jects to take action? She points to the exam­
ple of Sergey Brin , a co­founder of Google,
who happens to be her husband. When an
analysis by her company found that Mr
Brin h ad an above­average risk of getting
Parkinson's disease, he began to take his
exercise (whic h is thought to help prevent
this disease) much more seriously. 

The consumer­genomics †rms that
have sprung up in the past few y ears are all
similarl y upbeat about their p rospects. Da­
vid Agus of the University of Southern
Californi a (USC), an advi ser to Navigenics,
another such start­up, thinks that compa­
nies wanting to promote employee Œwell­
ness• will boo st thi s trend. Among the in­
vestors in Navigenics is Kleiner Perkins, a
venture­capital †rm th at was an early
backer of Google, Amazon and AOL.

But consumer genomics is not just a Sil­
icon Valley fad. YiGene, a Chinese start up,

is jostling with several local rivals to pro­
vide genetic testing and counselling to
Asian consumers. And it was Iceland's de­
CODEthat led the way by creating a mas­
sive database‹made up of the country's
entire population‹tha t it is now t apping to
do genomic research. Kari Stefansson, its
boss, thinks that in f uture genomic tests
w ill be done on personal computers, and
that all childr en will h ave their genomes
fully sequenced at birth. 

In the decade since the Human Ge­
nome Project reported prelimin ary results
in 2000, the promi sed bene†ts of genome­
inspired drugs and more individualised
health care have failed to materialise.
Could personalised medicine now be clos­
er at hand? 

Snipin g at snip s
Some academics remain deeply sceptical.
Allan Balmain of the Uni versity of C alifor­
nia, San Francisco questions the scienti†c
basis for the claims made by such †rms.
David Al tshuler of the Broad Institute, a ge­
netics­research centre run join tly by Har­
vard and MIT, thinks the †rms encourage
people to read too much in to their results.
Such Œfallacies•, he says, are causing a pub­
lic backlash that could divert attention and
resources from the worthier g oal of geno­
mics­inspired disease research.

One big concern is that the †rms in
question do not , in fact, sequence the en­
tire genome for their analysis. That w ould
be far too expensive, even though se­
quencing costs are fallin g fast. The †rms
analyse only a tiny p art of a customer's
DNA. In particular, they look at certain
parts of a chromo some known as single­
nucleotide polymorphism s (SNPs, pro­
nounced Œsnips•). They argue that varia­

tions in SNPs are correlated wi th the lik eli­
hood of developin g a range of nasty
diseases. The †rms' scientists insist they
rely onl y on the best peer­reviewed scien­
ti†c studies on the matter, and it is true that
over the past two y ears a ‡ood of w ell­de­
signed studies, known as genome­wide as­
sociation studies, has established correla­
tions betw een a range of common SNP
variants and diseases ranging from diabe­
tes to various forms of cancer. 

Craig Venter, a biotechnology pioneer,
is usually a fan of b rash upstarts. A decade
ago he upstaged the boˆn s of the oˆci al
Human Genome Project by p rivately se­
quencing his own genome faster and more
cheaply. But he remains sceptical about an­
alysin g only the SNPs. He wants to see
whole genomes sequenced because Œwe
don't yet know w hich parts of the genome
are medically relevant.• 

Others agree that sniˆn g around SNPs
is an imperfect substitut e for doing com­
prehensive scans of the full h uman ge­
nome. The gene­variant SNPs reported in
those genome­wide studies are undoubt­
edly associated with di seases, but some
believe their signi†cance is greatly over­
stated. Even if †rms uncover a handful of
SNPs that suggest an increased risk of get­
ting a disease, the customer may have a
dozen other genes that lower the risk. 

Some say that the common v ariants
easily uncovered by today's sequencing
technologies are much less important than
other, rarer variants. There is not enough
knowledge to make sense of the torrent of
genetic inf ormation bein g uncovered. The
problem is that today's tool of choice, the
genome­wide association studies, which
link genetic variants in a given population
w ith known di seases, cannot easily †nd 

Getting personal

The promise of cheap genome sequencing
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such needles in a haystack. But as the cost
of sequencing drops, †rms hope to be able
to get much better at needle­spotting.

Yet another camp of sceptics rejects the
whole idea that medicine will e ver be truly
personalised. It is unusual for a di sease to
be caused by onl y one or a few genetic de­
fects. Most disorders, such as diabetes and
heart disease, are linked to dozens or possi­
bly hundreds of genes. And those genes af­
fect only an in dividu al's susceptibili ty to a
disease. Choices about exercise, diet,
smokin g and so on could have a bigger in­
‡uence. So Dr Al tshuler thinks it unlik ely
that scientists will ever be able to predict
disease perfectly, never mind devise truly
personal therapies. 

Keep o… my genome
Though he has the world's most advanced
gene­sequencing technology at his †nger­
tips, Dr Al tshuler refuses to get his own ge­
nome sequenced: ŒIf someone gave it to
me on a CD, I'd refuse to look at the disc.
The information is meaningless.• Bill
Gates agrees. He has not had his genome
sequenced either, nor does he plan to,
though after a moment's re‡ection he
adds, Œunless I †nd out I have cancer.•

This last observation suggests that there
is a future for the diagnostic use of whole­
genome sequencing. But †rst the cost will
have to come down with a b ump, from
perhaps $100,000 per scan today to below
$1,000. That could happen in less than a
decade. Until then, the b iggest use of geno­
mics is likely to be in dru gs discovery.

Big pharmaceutical companies have
watched their inno vation p ipelines dry up
in recent years, but rapid advances in geno­
mics now p romi se to change that. Cancer
is at last beginning to reveal its secrets,
thanks to a technology known as the b io­
marker, which is a genetic indicator di…er­
ent from an SNP. Biomarkers reveal such
useful thin gs as the e…ectiveness of poten­
tial new dru gs in individual s or groups, as
well as the likelihood of a dverse reactions.
A forthcomin g report from the OECDar­
gues that genetic biomarkers are emerging
as one of the most e…ective means of im­
provin g the eˆciency of drug di scovery. 

Researchers are now tryin g to †nd out
to what extent the eˆc acy and safety of
many new dru gs is in‡uenced by genetic
factors. For example, durin g trials of an ap­
parently unsuccessful drug for l ung cancer
made by AstraZeneca, a British drugs †rm,
USC's Dr Agus discovered that the drug
worked well in some of his p atients of
Asian descent. Similarly, some people of
African origin seem to respond well t o Bi­

Dil , a heart drug, whereas those of other
ethnic stock do less well on i t.

It is surprising , therefore, that the ailin g
drugs industry seems indi…erent to geno­
mics, except in cancer research. Dr Venter
believes the reason is economic: ŒGeno­
mics is totally changing the basis of medi­
cal research, but Big Pharma was better o…
when we knew less.•

Russ Altman of Stanford University
agrees that the big drugs companies are
dragging their feet on genomics, noting
that the industry's tradition al blockbuster
model with i ts huge potential market relies
on standard remedies that w ork for every­
one. That was a plausible strategy when
scientists had few t ools to determine the
likely ri sks and bene†ts of new dru gs, but
given the advances in pharmacogenetics it
is no longer sustainable. 

Dr Al tman's team recently published a
study in the New England Journal of Medi­
cine on how to d ose warfarin. This drug is
w idely used to prevent blood clots that
could lead to strokes or heart attacks, but
the correct dose can vary wi dely f rom pa­
tient to patient. Too high a dose can cause a
patient to bleed dangerously, whereas too
low a dose can lead to deadly clots. The
study show ed that dosing decisions that
took account of v ariation s in just two spe­
ci†c genes in addi tion t o factors like age,
weight and race produced far better out­
comes than decisions based only on the
latter tradition al factors. Dr Al tman think s
the Vioxx tragedy could have been avoid­
ed with p roper genetic screening, but †rms
have little incentive to do this. 

Now some dru gs companies seem will­
ing to plunge into targeted therapies. San­
dra Peterson of Bayer, a German pharma­
ceutical giant, acknowledg es that Œold­
fashioned b lockbusters just aren't going to
happen any more.• She thinks the way to

†x the drugs pipelines at big †rms is to link
pharmacogenetics with the inf ormation
supplied by medical smart grids, moving
toward s a model of inno vation th at is in­
formed, targeted and cheaper.

But Novarti s's Dr Vasella still rejects the
notion of per sonalised medicine, pointing
out that it w ould be economic folly for
†rms to develop a special pill f or every pa­
tient. He accepts that linking in dividu al ge­
netics with speci†c therapies is the big
challenge for his in dustry t oday, but he is
still looking for a s uitable business model.

Perhaps a better way of describin g how
genomics will c hange the drugs business
model is mass customisation. The obvious
parallel is clothing , which is rarely tailor­
made but often personalised to re‡ect an
individu al's needs and choices. Clayton
Christensen of Harvard Business School
o…ers a useful phrase to describe the point
where pharmacogenetics and personal­
ised medicine meet: Œprecision medicine•.

A new M oore's law
Purists like Dr Venter sni… that the technol­
ogy for r eading SNPs is not good enough
for serious application s like medicine, nev­
er min d how c heap it gets: only reliable
full­genome scans will d o. These are much
more expensive because they must cap­
ture information about all 3 billion b ase
pairs, the genetic Œhitters• in the human ge­
nome. The gene chips used to study SNPs
today can capture perhaps 1m. 

ŒI spent ten years searching for just one
gene,• says Dr Venter about his early ca­
reer. ŒToday anyone can do it in 15 sec­
onds.• The oˆci al Human Genome Pro­
ject sequenced a single genome at the cost
of about $4 billion. D r Venter's rival project
did the same thing for $100m. The two
competin g teams agreed in 2003 that each
of them h ad independently sequenced a
human genome. Since then the industry
has undergone a technological transfor­
mation. Sequencing equipmen t has been
improvin g even faster than microproces­
sor performance, which doubles roughly
every 18 months for the same outlay under
a rule dubbed Moore's law (see chart 3).

The sequencing technology works by
†guring out the precise sequence of letters
that make up the genetic code of lif e. The
†rst generation of sequencing equipment
was thorough but extremely slow an d ex­
pensive. George Church of Harv ard Uni­
versity, who w orked on the original Hu­
man Genome Project and now advises
several genomics †rms, compares that
cumbersome old technology to main­
frame computing . Today's second­genera­

3The road to commoditisation
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tion technologies, he says, are already as
disruptiv e as the original personal com­
puters were to mainfr ames. 

The newer sequencing machines bor­
row i deas from silicon­chip m anufactur­
ing. One consumer­genomics †rm called
Knome (pronounced Œknow­me•) uses
nimb le machines that deposit millions of
tiny dots †lled with DNA snippets on a ‡at
surface, typically glass. The DNA in these
dots can be Œread• by molec ular machines
to signal the presence of di…erent DNA
variants. This process has brought down
prices by a factor of ten every year since its
introduction in 2005.

The next sequencing technologies pro­
mise to read w hole genomes quickly and
at a reasonable cost, and several rival †rms
are already racing to get them to market.
When they do, it will h ave a profoun d im­
pact on the economics of health care.

The X Prize Foundation , a charity, is
now o…ering $10m to the †r st out†t to se­
quence 100 human genomes in ten days at
acost of $10,000 or less per genome. Many
teams have signed up, but the most pro­
mising have their eyes on an even more lu­
crativ e prize: the multi­billion­doll ar com­
mercial market for a…ordable, accurate
sequencing of whole genomes.

One such †rm is Paci†c Biosciences,
based in Menlo Park, Californi a. It makes
novel use of ‡uorescent labels that allows
it to read long stretches of DNA fragments,
base by base, quickly and eˆcien tly. Ste­
phen Turner, the †rm's founder and chief
technology oˆc er, is con†dent that his
†rm will soon be a ble to sequence a com­
plete human genome in under 15 minutes.
He expects its †rst commercial product
w ithin two y ears.

Another, more tight­lipped, contender
in the race for cheap full­genome sequenc­
ing is Oxfor d Nanopore. The British †rm i s
developing a promisin g technology which
involv es passing genetic material through
a tiny hole in a specially selected protein.
This promi ses to read DNA directly, wi th­
out a need for ‡uorescent labels. This
would be a big breakthrough, but the †rm
w ill not y et say w hen it will be r eady for
commercial use or at what price.

Perhaps the most in triguin g of the ri­
vals is Complete Genomics. Its oˆc es in
Mountain View, Californi a, are not far
from the headquarters of Google, and are
modest by comparison, but its business
strategy is no less audacious than that of i ts
big neighbour. The †rm's technical innova­
tion in volv es packing lots of DNA into
great numbers of tiny dense Œnanoballs•
which, in turn, are assembled in a highly
eˆcien t way in to arrays that resemble mi­
croscope slides. The DNA sequence is
worked out by u sing ‡uorescent tags, but
does so in a way, developed by Dr Church's
laboratory at Harv ard, that is much more
accurate and quicker than the methods
used up to now.

Servic e with a smile
This process is too complex for the average
customer to handle, an apparent draw­
back that led to a brillian t commercial idea:
rather than sell the equipment , Complete
Genomics intends to sell a sequencing ser­
vice. Cli…ord Reid, the chief executive, ex­
plains that his †rm's process can easily be
adapted to huge volumes. By June he will
be able to sequence a complete genome for
under $5,000, and wi thin a y ear his †rm
w ill h ave a commercial o…ering, he says. 

If w hole­genome sequencing can be
done cheaply and accurately, it will be
used much more widely in dru g discovery
and clinical practice. The consumer­geno­
mics companies' controversi al promi se of
personalisation will at l ast be put to a
proper test. In time the costs of sequencing
w ill p lunge toward s $100 a genome. When
it does, says Dr Al tman, sequencing will
become a commodity . 

Dr Church even argues that genome se­
quencing Œwill in e…ect be availab le free•
because companies will gi ve away se­
quencing to sell other services, such as ge­
netic in terpretation‹muc h as mobile oper­
ators Œgive away• h andsets to get
customers to sign up for l ucrative service
plans. And when this h appens, he reckons,
Œit will be j ust like the in ternet: once all this
informa tion is ‡oating around, a lot of cre­
ative people wi th PCs will nose around
and develop application s.• 7

CAN new t echnologies help to tackle
the health problems of the w orld's

poorest? At †rst sight, it seems a sill y ques­
tion. Af ter all, the public­health systems in
much of sub­Saharan Africa and parts of
Asia and Latin America are rudimentary at
best. With many vill ages having no clean
water or basic sanitation , let alone reliable
access to clinics and doctors, modern wi z­
ardry like molec ular diagnostics and digi­
tal medical records seem irrelevant.

Bill Gates used to be on the side of the

sceptics. Nearly a decade ago, when he
was boss of Microsoft , he delivered a
speech at a conference on technology for
the developin g world, inveighing against
the idea that modern t echnologies like sat­
ellit e communication s links, solar power
and internet­enabled computers could
magically imp rove the lives of the poorest.
Did they have any idea, he asked his listen­
ers, what it means to live on less than $1 a
day? ŒYou're just buyin g food, you're try­
ing to stay ali ve.•

Last year Mr Gates stepped down f rom
Microsoft to run his f amily's charitable
foundation , which has become the richest
and most in‡uential new v oice in global
public health. His decade or so of experi­
ence wi th the foundation's w ork in public
health seems to have changed his mind
about w hat is good for the developing
world. He now says that Œpoor people ab­
solutely deserve better technology.•

Sometimes those technical advances
can be incremental. The poor clearly bene­

Adoctor in your pocket

Developing countries are using mobile phones to leapfrog to personalised medicine 
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†t from technical imp rovements that cut
the cost of m anufacturin g medical devices,
make drugs more e…ective or elimin ate the
need for refrigerating vaccines. But there is
also the chance of big breakthroughs that
save many millions of li ves. Mr Gates
points to the examples of mass vaccina­
tion and antib iotics. Modern antiretroviral
drugs to treat HIV/AIDS could be added to
that li st of b reakthroughs, because they
too have improved countless lives in the
poor w orld. His foundation i s now spend­
ing heavily to †nd new v accines for HIV/
AIDS and malaria, and encouraging re­
search in to cures for antibiotic­resistant
forms of tuberculosis. 

Given the risk­averse cultur e of the
health systems of the rich w orld, Mr Gates
suggests that some great advances could
emerge as leapfrogging innovation s in the
poor w orld. As it happens, the next great
technology revolution in he alth care is
even now b ubblin g up from the vill ages of
Africa and may in time bene†t the ric h
world too. It is buil t on the astounding suc­
cess of the most famous of all leapfrog
technologies: mobile phones.

Dial M for M asiluleke
To see a place where gizmos and gadgets
seem utterly unequal to dealing wi th a
health challenge, go to KwaZulu­Natal.
This heavily populated provinc e of South
Africa has one of the highest rates of HIV
infection in the w orld, despite recent ad­
vances in tackling the disease. 

For years the South African govern­
ment undermined e…orts to contain AIDS
by casting doubt on i ts viral origins, but the
current health mini ster has abandoned
that outrageous stance. There was also a le­
gal stand­o… betw een activist s and drug
companies that threatened to cut o… the
country's access to antiretrovir al drugs, but
in the end Big Pharma backed o…. Today
South Af ricans can count on a supportive
(albeit overstretched) public­health sys­
tem, access to a…ordable drugs and free
testing and counselling. Even so, HIV/AIDS
remains rampant in KwaZulu­Natal.

Zinhle Thabethe explain s why. So great
is the stigma attached to the disease that
some four­†fth s of victims in the region
w ill not v enture into their local clinic to g et
an HIV test. Across South Africa perhaps a
quarter of the population is HIV­positive,
but fewer than 5% know their s tatus. As an
HIV patient herself, Ms Thabethe was so
incensed by this state of a…airs that she
helped start iTeach, a outreach programme
based at one of the busiest hospitals in
KwaZulu­Natal. She and her collaborators

came up wi th a clever way to use mobile
phones to reach reticent su…erers.

In co­operation wi th MTN, a big mobile
carrier in South Af rica, American academ­
ics and several other inno vativ e groups,
iTeach has launched Project Masiluleke.
Using a form of t ext messaging simil ar to
SMS, this sends out up to a million s hort
messages a day, encouraging the recipients
in their local language to contact the na­
tional AIDS hot line . The response has
been spectacular, especially among young
men who h ave proved hard to reach in the
past. When people ring, they are often told
about clinics outside their immedi ate com­
munity ; in future they will be o…ered spe­
cial test ki ts they can use at home.

This scheme is already the w orld's big­
gest †eld trial of mo bile health technology

(or mHealth), and Ms Thabethe is con­
vinced it can be copied across Africa. She
believes it works not just because so many
people have mobiles but because it Œside­
steps the stigma as mobile phones are very
personal. And unlike r adio or b illboard
ads, a message on your phone f orces you
to take a moment to think and m aybe act.• 

She is not alone in puttin g her faith in
the ubiquity , personal convenience and in­
teractivi ty of mo bile phones. ŒIt's not just
about technology,• says Karl Brown of the
Rockefeller Foundation , a charity with e x­
pertise in this area. ŒBecause mobile
phones enable multidirection al ‡ows of
informa tion even in the most remote parts
of the w orld, they have the power to trans­
form health care.•

The most promisin g application s of
mHealth for now are p ublic­health mes­
saging, stitchin g together smart medical
grids, extendin g the reach of scarce health
workers and establishin g surveillanc e net­

works for inf ectious diseases. The use of
the technology is spreading: a recent report
funded by the UN Foundation and the Vo­
dafone Foundation , two charities, docu­
mented more than four d ozen projects
across the developin g world. 

In Uganda, Text to Change uses an SMS­
based quiz to raise awareness among
phone users about HIV/AIDS that brought
a 40% increase in the number of people
getting tested. A study in Thailand in 2007
show ed that compliance wi th a drug regi­
men to tackle TB jumped to over 90%
when patients were sent daily text remind­
ers to take their pill s on time. 

Another promisin g application of
mHealth involv es integrating mobiles into
EHRs and softwar e for clinical­decision
support. In w estern Kenya a new counsel­
ling and HIV­testing project allows rural
health­care surveyor s to set up EHRs from
patients' homes by puttin g their data into
mobile phones. Developed by a team led
by Kenya's Moi Uni versity, this aims to es­
tablish EHRs for some 2m patients. Public­
health oˆci als think thi s will help them
identify and treat HIV patients and im­
prove continuin g patient care.

One lesson emerging from these va­
rious experiment s is that the vi sible face of
any mHealth or e­health scheme, regard­
less of w here it operates, needs to be as
simp le and user­friendly as possible,
whereas the hidden back end should use
sophisticated softwar e and hardware. 

The mobile­based technology provid­
ed to Rwand an health w orkers by Voxiva,
an American †rm, should make users in
rich countries jealous. Local oˆci als in
Rwand a now h ave mobile phones loaded
w ith softwar e that allows them to enter
and transmit health data back to their b ase
so they can access informa tion on pot en­
tial outbreaks, shortages of medicines and
so on in real time. They also use mobiles to
order medicines, send public­health alerts
and downloa d medical guidelines. 

On call
Another area in w hich mHealth could
make a big di…erence is in helping to get the
most out of the in adequate sta… of health­
care systems in the poor w orld. Some crit­
ics maintain that w hat Africa needs most is
more money for doctors, not fancy tech­
nology. But Laurie Garrett of the Council
on Foreign Relations (CFR), a think­tank,
argues that even with extra money for
medical trainin g Africa cannot realistically
hope to have enough doctors in rural areas
in the near future. Trainin g doctors takes
time, and many of them do not w ant to 
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2 work in remote areas. So Ms Garrett w ants
to see communi ty health w orkers trained
to perform m any of the simp ler medical
tasks currentl y done by d octors. 

This new sort of r emote medicine is
gainin g currency. CFRhas come up wi th a
concept it calls Œdoc in a box•, w hich is a
standard cargo container †tted up to serve
as a basic rural health clinic. The box,
which costs a few thou sand dollars to
make, allows trained vill agers to o…er
many services, such as vaccinations and
basic malaria treatment, that w ould other­
w ise require a trip to a faraway clinic. The
units will be link ed by mobile phone to
fully trained p rofessionals. 

In Mexico an mHealth ini tiativ e is al­
ready turnin g a pro†t. Some 4.5m Mexi­
cans are customers of Medicall Home, a
†rm th at provi des unlimi ted consultations
by mobile phone with d octors for a ‡at fee
of about $5 a month. Pedro Yrigoyen, one
of i ts founders, explain s that many of hi s
countrymen l ack health in surance or live
in remote areas far from hospitals, but al­
most alway s have mobile phones. His †rm
is now w orkin g with Voxiv a to o…er more
mHealth services and to extend them
across Latin America. With fundin g from
Fundación Carso, a charity f unded by Car­
los Slim, a Mexican telecoms magnate, the
group hopes to mine i ts data to bene†t
both patients and public­health oˆci als.

Preventin g the next AIDS
How far can this t echnology go? Larry Bril­
liant, a physician who is the oˆcial Œchief
philanthrop y evangelist• for Goo gle's
charitable arm, has an audacious goal. He
believes that a combina tion of mo bile tele­
phony and inf ormation t echnologies, de­
ployed in a robust global surveillanc e sys­
tem, can catch the next SARSor HIV long
before it turns in to a global pandemic. The
key, he says, is Œearly detection and e…ec­
tive early response.•

That is easier said than done, as Gabriel
Leung knows all too w ell. Dr Leung is the
Hong Kong government oˆcial in c harge
of pandemic preparedness. The city is es­
pecially import ant to the rest of the w orld
for tw o reasons. First, it is close to the Pearl
River delta, one of a handful of viral Œhot­
spots• which, thanks to close contact be­
tween humans and wild anim als, is the
source of many potential viral thr eats. Sec­
ond, Hong Kong is a major hub for air tra­
vel, so a deadly bug that passes undetected
by the city's health oˆci als could quickly
travel around the w orld and cause a poten­
tial pandemic, as SARSdid a few y ears ago.
ŒWe are the world's sentinel for pandem­

ics,• Dr Leung says. But he is con†dent that
his city is well equipped for i ts task.

Dr Brillian t explain s that his scheme for
predicting and preventing infectious dis­
eases depends on information fed in f rom
the grassroots. The need for thi s was
brought home to him in In dia where he
was helping to eradicate the last remnants
of smallpox . ŒWe couldn't j ust periodically
blanket every home with v accinations,•
he says. ŒWe had to know w here to look.• 

One relatively new tool in the bo x is
digital detection. Researchers at Google,
MIT's Media Lab, IBM and other out†ts are
applyin g sophisticated softwar e tools to
try t o predict outbreaks of disease. For ex­
ample, softwar e can Œcraw l• the w eb and
look for press reports in many languages
that poin t to the outbreak of an un usual
disease. In a study published in Nature in
February, Google demonstrated how thi s
technique was able to predict ‡u outbreaks
in America a w eek or more before the gov­
ernment's Centres for Disease Control did.

Such Œrumour registries• are useful, but
any leads must be validated by boots on
the ground. Public­health surveillanc e sys­
tems are increasingly using mobile phones
and smart hand­held devices for this task
too. When Kenyan oˆci als last autumn
suspected that Somali refugees might have
brought polio in to the country for the †r st
time in 20 years, they alerted health w ork­
ers in the area who used their mo bile
phones to log patient symptoms , medica­
tions dispensed and so on. By analysing
those data remotely, health oˆci als in the
capital w ere able to contain the outbreak.

Nathan Wolfe wants to transform sur­
veillance into a predictiv e tool rather than
wait for signs of trouble. He recently left his

post at the University of C aliforni a, Los
Angeles, to head the Global Viral Forecast­
ing Initiativ e (GVFI). Since most deadly vi­
ruses, like HIV and SARS, originate in wil d
animals, he spends much of his time t est­
ing the blood of h umans such as hunters
of bushmeat w ho are in constant contact
w ith such animals. 

One technology he considers promis­
ing is the Œlab on a chip•. Researchers
around the w orld are now w orkin g to de­
velop portable, fast and a…ordable ways of
analysin g samples out in the †eld. Dr
Wolfe thinks he will soon h ave a device
that will i dentify an unknown b ug by us­
ing advanced genetic analysis. 

On the spot
Dr Wolfe sees great potential in the mo bile
phone. When he visits remote parts of
Congo not connected by road or electricity
grid, he often †nds that locals are able to
use a mobile­phone service, recharging
their phones at night using portable gener­
ators. His team is developin g a software
system to o…er hunters a tiny †nancial re­
ward to send an SMSmessage lettin g him
know when they are ill, w hich w ould pro­
vide a useful early w arning. Health w ork­
ers would then be sent to test the ailin g per­
son to see if there is cause for alarm.

Global­health vi sionaries are now pon­
dering a much more interactive smart grid
that can make sense of that hunter's initial
warning. One possible technology is
Frontline SMS, a free application th at al­
low s health oˆci als to analyse a huge
‡ood of t ext messages without the need
for central servers or internet access. 

Eric Rasmussen, chief executive of In­
STEDD, a not­for­pro†t softwar e developer
in Californi a, believes that Œ†rst­worl d sol­
utions simpl y w on't w ork in p laces with
constrained resources and intermittent
connectivity .• For a global surveillance
system to be robust, he says, it must pro­
vide the people closest to the trouble wi th
the information and authori ty they need
to act swiftly . His out†t has created an
open­source application th at puts together
data from di sparate mobile sources and
combines it with m aps and other data to
be used by †eld workers to act on a warn­
ing. Rockefeller, along wi th the UN Foun­
dation and others, is now encouraging
such mobile inno vators to agree on best
practices and common standards to allow
the most promisin g ideas to spread easily,
quickly and wi dely. ŒIf the internet is hu­
manity's planetary nervous system, we
are now b uildin g our planetary imm une
system,• says Dr Wolfe. 7
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HALF a century ago, in a †lm called
ŒFantastic Voyage•, a tiny Raquel

Welch and her team w ere sent in to a dying
patient's body in a n ano­submarine to
save his life. Technology has still not ad­
vanced quite that far, but today's sophisti­
cated devices and diagnostics are getting
ever closer.

At the university ho spital in the Ger­
man city of A achen, near the border wi th
Belgium and the Netherlands, complex
heart surgery that w ould once have re­
quired a lengthy and costly hospital stay
has been turned into a routine procedure.
Harald Kühl , a professor of cardiolo gy at
the hospital, says that patients who have
been given heart­valve replacements in
the morning are now u sually back on their
feet the same evening and discharged the
next day.

The main operating room in A achen is
larger than normal and c rammed full of
advanced imaging technologies. In col­
laboration wi th Philips , a Dutch electron­
ics giant, the researchers have fused to­
gether X­ray, ultrasound and magnetic­
resonance scanners that provi de detailed
images of people's innards in real time.
That allows them to perform p recise oper­
ations using techniques that leave virtu al­
ly no scars. Even less invasive is Œnatural
ori†ce• surgery. In America a woman's
gallbladder was recently removed by sur­
gical and optical tools that entered her
body thr ough her vagina. 

Robotics is also making surgery more
precise. Futurist s at the Stanford Research
Institute in Californi a have developed ro­
bots that are used to perform remote sur­
gery on w ounded soldiers near the battle­
†eld. Da Vinci robots are now regularly
used to carry ou t delicate operations, such
as those for prostate cancer. These are large
machines, but robots are getting smaller.
Lord Darzi, a British health mini ster and
professor at Imperial College, thinks the
next wave will be mic ro­sized, with tin y
motors that can roam around the body
and deliver radio w aves to kill tumour s. In
adecade, he says, nano­robots will o perate
at the molecular scale.

But high­tech application s are no lon­
ger automaticall y seen as a good thing. The
prolifera tion of m achinery such as fancy

scanners, once applauded, is now criti­
cised as a main cause of runaway health
costs. National health systems, privat e in­
surers and others who hold the p urse
strings increasingly demand that innova­
tion be link ed clearly to economic value
and imp roved health outcomes. Paul Yock
of Stanford's bio­design programme says
that innovators must now s tart with the
medical need rather than inventin g nifty
kit and then searching for an application.

The advances in genomics and infor­
mation and communication s technologies
discussed earlier in this report m atter be­
cause they are enabling other †elds‹in­
cludin g nanotechnology, robotics, molec­
ular diagnostics and micro­‡uidics‹that
had previously made slow p rogress in
health care to advance much more rapidly.

Taken as a whole, all this has meant a
big shif t in care away f rom a centralised
model that puts the physician at its core to
a smarter, more decentralised approach
centred on the patient. This shif t also
opens up new w ays of coping with the
huge problems of ageing population s and
surges in chronic ailmen ts such as diabetes
and heart disease. The result will be a mor e
portable, precise and personal way to de­
liver health care.

Traditionally , most import ant diagnos­
tic tests have been done on big, expensive
machines in central laboratories. Usually
the patient gives a sample one day and
then has to return another d ay to see the
doctor and di scuss the results. 

This is inconvenient enough for p a­

tients in the rich w orld, says Mr Gates, but
in developin g countries it is often unfeasi­
ble. Patients there typically lose a day's
work as they walk to distant medical clin­
ics and cannot a…ord to lose another day to
return for the r esults.

The doctors' dilemma is that there is no
quick and reliable test for certain diseases,
such as malaria, so in sub­Saharan Africa
malaria medicine is automaticall y di s­
pensed to childr en displaying malaria­like
symptom s. But retrospective studies have
shown th at many of tho se childr en did
not, in fact, have the disease. The lack of a
quick test therefore means that precious
antimalari al drugs are wasted and other
illnesses may go untreated.

You can t ake it with y ou
Fortunately, portable and rapid diagnostic
tools are on the way, says Gary Cohen of
Becton, Dickinson (BD), an American diag­
nostics giant. His †rm believes that a new
type of di agnostic toolki t is emerging,
thanks to the fusion of genomics, proteom­
ics (whic h analyses speci†c proteins) and
informa tion t echnologies. The impact of
such Œpoint of care• diagnostics will be a s
big as that of mo bile phones, extendin g the
reach of modern medicine to p laces that
are underserved or unserved today. 

Big companies like GE, BD and Philips
are investing heavily in this ar ea, but some
surprisin g advances are comin g from start­
ups too. One †rm has produced a cheap
testing kit that can be thrown away after
use. Diagnostics for All , started by students
at MIT and Harvard, has developed a range
of di agnostic tests that are print ed on or­
dinary paper. The key is the use of micro­
‡uidics technology to direct the sample
(say, a drop of blood) thr ough tiny grooved
channels to various chambers. Chemicals
then react with the s ample, providin g rap­
id diagnostic results. 

Ustar Biotechnologies, a Chinese
start­up, has developed a cheap and porta­
ble diagnostic kit th at it is marketing wi th
BioHelix , a Boston­based †rm. Qimin You,
its inventor and Ustar's founder, graduated
in North America and w orked for Western
multinational s for many years. His propos­
als for cheap diagnostic technologies were
turned down by †rms un willin g to under­

Fantastic Voyage

Technology is making health care more portable, precise and personal

4Ready for take-off

Source: Forrester Research
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mine their existin g products, so he left to
set up his own †rm in C hina.

ŒWe've got the technology, and nobody
can compete with u s on cost,• he declares,
forecasting a great future for such devices
in rich and poor countries alike. Robert
Harrison, head of the Clint on Global Ini­
tiative, a charity started by Bill C linton,
agrees. His organisation h as encountered
many simil ar †rms from developin g coun­
tries now r esearching, designing and
manufacturin g medical technology local­
ly, which helps to ensure that solution s are
best suited to local conditions.

A guided mi ssile
More established rivals are not standing
still. Stephen Oesterle, chief medical oˆ­
cer of M edtronic, a large medical­devices
†rm, argues that the miracle cures prom­
ised by biotechnology will depen d on
much more targeted drug delivery. Old­
fashioned p ill s were swallow ed and ab­
sorbed through the gut, but that does not
work for b iotech drugs because stomach
acid w ould wipe them out. His †rm i s in­
vesting in imp lanted pumps, precision de­
vices and other clever ways of putting
medicine where it is meant to go.

Philip s has developed a way for drugs
to be encapsulated in bubbles made of
biodegradable polymers that can be deliv­
ered to a tumour lik e a guided missile. Se­
lecta BioSciences, an American †rm, is test­
ing biodegradable nanoparticles, a techno­
logy developed by MIT's Dr Langer that it
hopes to use to target lymp h nodes.

Another new w ay of t argeting drugs in­
volves the use of a specially designed sili­
con chip th at is able to store and release
drugs on demand. When a remote wir e­
less signal is sent, a tiny electrical current
zaps the chip to release the desired quanti­
ty of the dru g. The †rst generation of s uch
chips, made by Mic roChips, an American
†rm, tackles diabetes. It will g o to clinical
trials this year and is expected to be com­
mercialised in four years. Future applica­
tions will inc lude chips that moni tor pa­
tients at home for s igns of a heart attack or
hypoglycaemia and can release the appro­
priate life­saving drugs. John Santini, the
boss of MicroChips, believes that over the
next decade devices will inc reasingly in ter­
act with the body and c ommunicat e medi­
cal data directly to portable devices or
EhRs, thus helping patients to manage
their own c hronic diseases. 

For several decades now, visionaries
have tried to shif t the medical model f rom
expensive hospital intervention s for sick
people to cheaper preventiv e care in the

home. They have promoted ideas ranging
from kio sks for lon g­distance medical con­
sultation s to smart toilets that tell your
doctor about the blood­sugar levels in
your urine . Most of these ideas have failed. 

James Sweeney is one of the few entre­
preneurs to have achieved commercial
success, not once but half a d ozen times,
w ith businesses selling personal medical
devices. His current †rm, America's In telli­
DOT, makes small wir eless devices used
for medical moni toring. 

He says the biggest diˆc ulty he has had
to confron t is not the limi ts of technology
but the unwillingnes s of insurance compa­
nies and health systems to reward innova­
tors for products that keep patients at
home, where monitorin g and care can be
provi ded more easily and cheaply than at
the doctor's surgery. But even this grizzled
veteran think s the tipping point for perso­
nalised medical devices has arrived, for
three reasons. 

First, thanks to much­improv ed tech­
nologies for remote communications , Œte­
lemedicine• is at last taking o…. Second,
thanks to cheap and ubiquitou s consumer
electronics, medical devices in the home
are at last movin g beyond clunk y medical
monitor s and creepy lavatories. Third,
cheap sensors and smart phones are al­
lowin g a shif t to Œbody computin g•. 

Two di…erent kinds of telemedicine are
being tried out in Britain. In three locations
in England the NHSis now running one of
the largest tri als of Œtelecare•, which aims
to moni tor and o…er remote medical care

to the elderly in their homes. The Scottish
Centre for Tele­Health has set up video ki­
osks o…ering medical consultation s in re­
mote areas to minimi se the need for travel
to distant hospitals. A trial concluded last
month using video equipmen t made by
Cisco, an American technology †rm,
found that doctors and patients consid­
ered this high­tech version of care to be as
e…ective as personal consultations.

Comin g to a vill age green near y ou
The Mayo Clinic , another American hospi­
tal chain o…ering integrated care, is also
runnin g a number of tri als. Kaiser Perma­
nente already o…ers remote medical con­
sultation s to its patients in Hawaii, and
conducts dermatological examinations
this way in Californi a. India's Apollo ho s­
pitals regularly use remote video links to
connect specialists with di stant facilities.
And Aravind Eye Hospitals, another pio­
neering Indian chain, has set up many re­
mote eye­care kiosks in vill ages.

The sophisticated equipmen t in Ar a­
vind's kiosks is run by w ell­trained local
women, not expensive and elusive doc­
tors. Once an eye test is completed, the pa­
tient and all his di gitised data are linked by
internet vi deo to a physician at the main
hospital who deci des whether the patient
just needs spectacles (made on the spot) or
has to go to the hospital. 

Christofer Tomazou of Imperial C ol­
lege, a pioneer in thi s †eld, argues that de­
vices and diagnostics could transform
chronic care if they can leave behind their 
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THE advances in digital medicine de­
scribed in this special report have al­

ready started to move patients from the
margins of the medical system to its centre.
Some think there are bigger things to come.
ŒThe key is patient­driv en research,• ex­
plains Gregory Simon, head of Faster
Cures, an advocacy group in W ashington,
DC. Most of the p ush for adoptin g elec­
tronic health records has come from in sti­
tution s anxious to cut costs and reduce

medical errors, but he think s the biggest
gains will come in the s hape of better treat­
ments for diˆc ult diseases. He sees pa­
tients increasingly getting together online
and sharing medical data and treatment
histories. 

On a website called PatientsLikeMe,
members from around the w orld swap sto­
ries about their ailmen ts and discuss sub­
jects like adverse drug interactions, dosing
strategies, new dru gs and trials for more

than a dozen diseases. A report by the Cali­
fornia HealthCare Foundation , a think­
tank, argues that in dealing with m ultiple
sclerosis, a neurological disorder for w hich
there is as yet no cure, Œthe collective wis­
dom on this w ebsite may ri val the body of
informa tion th at any single medical
school or p harmaceutical company has as­
sembled in the †eld.•

Mr Brown of Ideo ar gues that until r e­
cently the ‡ow of inf ormation in medicine 

Health 2.0

How far can interactive digital medicine go?

baggage of Œclunk y electronics and Big
Brother moni torin g methods•. 

Dr Oesterle of M edtronics, a market
leader in †elds such as remote monitoring
of patients with p acemakers, says that
cheap Œconsumer­grade• electronics now
make it possible to produce such devices as
disposable insulin p umps, which his †rm
plans to start selling soon. As more such
devices win consumer acceptance, care
w ill get both cheaper and better. His †rm
might become a provi der of services as
well as hardware.

For hi s part, Dr Tomazou believes the
future belongs not to medical devices en­
hanced by consumer electronics but to
ubiquitou s and user­friendly devices like

personal digital assistants and mobile
phones. These are Œvery useful for hi ding
medical moni torin g• and for displaying
data in w ays that enable patients to act on
that information. Qualcomm, which
makes wireless­communications equip­
ment, thinks a good way to do this is to in­
tegrate advanced sensors and short­range
w ireless network s (known a s Œfemto­
cells•) to create Œhome health hubs•.

On April 2nd In tel announced a $250m
joint venture wi th GEto market a range of
snazzy in ternet­connected devices that al­
low d octors to monitor patients at home.
The company also helped organise a con­
sortium of companies, known as the Con­
tinua Health Alli ance, that has produced
standards on Œinteroperabili ty• an d com­
munication s for such products. 

Tim Brown of I deo, a design consultan­
cy, goes further, arguing that in f uture
Œmedical devices for the home will s imply
disappear into our buil t environment , our
consumer products, our clothin g or even
our bodies.• Philip s has already developed
bedsheets wi th metal strands woven into
them to allow a p atient's heart to be mon­
itored as he sleeps. Dozens of †rms, from
clothin g and shoe manufacturers to con­
sumer­electronics †rms, are developing
other such Œbody­computin g• tools, both
for health application s and for sports.

Devices that will be dep loyed inside
the body are just around the corner. Pro­
teus Biomedical, a Californi an †rm, has de­
veloped a tiny comput er chip that can be
put inside a normal pharmaceutical pill.
This Œ smart pill• sends an electrical signal
when, for example, it is swallow ed by a pa­
tient. The message is read and stored by
electronic equipmen t inside a small ban­
dage worn by the p atient. That informa­

tion can be downloa ded from time to time ,
or beamed wir elessly to a device in the
home that e­mails the patient's doctor.

The point is to moni tor the patient's
health and ensure compliance with dru g
regimens. This matters, because studies
have shown th at patients often fail to t ake
medication as instructed, sometimes with
fatal results. The †rst clinical trial will be of
smart pill s for tuberculosis. Proteus Bio­
medical's boss, Andrew Thompson, sees
scope for application s to tackle counterfeit­
ing and even interactions betw een drugs. 

Wait for the c atch
Like all thin gs that sound too good to be
true, these technologies have a catch. The
torrent of medical d ata that will be g ener­
ated by all these smart devices will need to
be analysed. Softwar e can help by sending
summaries and alerts, but Kaiser Perma­
nente's Yan Chow think s Œtechnology is
runnin g ahead of our capacity to absorb
it.• For instance, will d octors be legally ob­
liged to act on that information ? Still , he is
an enthusiast. Moments later he is gushing
about a deviou s softwar e program de­
signed for the Nintendo Wii, a popular vid­
eogaming system, that has proved highly
e…ective in getting recalcitrant childr en to
stick to physical­therapy regimens.

The bigger concern is that technology
can never be a substitut e for personal re­
sponsibility . As Mr Gates points out, Œbath­
room scales have been around a long time
and obesity is still on the ri se.• Yet there is
no denyin g that the medical technologies
now r apidly movin g toward s commercial­
isation h ave the potential to empower pa­
tients and give them the tools and data
needed to take charge of their own he alth.
This is already beginning to h appen. 7
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has tended to be one way. In future, he
thinks, medical knowledge will inc reas­
ingly ‡ow in m any dir ections. Mr Brown
points to a prolifera tion of he alth blogs,
online groups and peer­to­peer portals as a
sign that the age of social networkin g in
medicine has arrived. Google already has
a feature that allows users of its EHRs to
share their health inf ormation with other s.

It is easy to be sceptical about such on­
line communi ties. A fatal illness will not
be cured by Twitterin g about it. And f or
many people nothing will r eplace the per­
sonal relationship betw een a patient and
his doctor. But it seems clear that patients
are going online to get more inf ormation
on their illnes s, to see what other consum­
ers think of new medic ations and to get
emotion al support f rom fellow su…erers. 

Good for them, g ood for us
Even doctors, who may seem to have the
most to lose from patient­centred digital
medicine, increasingly support the move
online. Many of them are them selves keen
users of secure medical chat rooms. Thom­
as Lee of Partners Communi ty Healthcare
think s such social networkin g helps make
up for the Œwater­cooler chats• of y ester­
year that allowed doctors to exchange
knowledge across specialisations. 

How far c ould all this go? Neil Seeman,
who run s a health­strategy innovation
group at the University of Toronto's Mas­
sey College, thinks that ŒHealth 2.0• i s im­
portant Œbecause it reinvents how w e iden­
tify opinion le aders and exploi t disruptive
innovation.• His r esearch has shown th at
the most active communi ties on social net­
works such as MySpace concentrate not on
celebrity gossip or sport but on chronic ill­
ness‹especially stigmatised conditions
like depression. 

The most in‡uential health blogs on the
web, he †nds, are those that o…er people
w ith chronic illnesses medically relevant
and accurate information. One post from a
trusted surgeon blogger, he says, now h as a
far more immedi ate impact on imp roving
surgical care globall y than a peer­reviewed
trial published in a prestigious journal.
WebMD and America's Centres for Dis­
ease Control (CDC), standard­bearers of
the old model of one­w ay inf ormation
‡ow online , are now o…ering social net­
workin g tools like blogs and wikis. CDC
even has a presence on Second Life, an on­
line virtu al­reality game.

One man who has seen all this before is
Steven Case. He founded America Online,
apioneering internet †rm, and made a for­
tune selling it to Time Warner j ust before

the technology­stock bubble burst. A few
years ago he became convinc ed that the
next big thing on the in ternet was health,
so he launched Revolution Health, which
after recent acquisition s has become the
biggest online health †rm. The †rm's early
e…orts were slow t o develop, he concedes,
in part because health care is a conserva­
tive business and the †nancial­reimburse­
ment models in health care are extremely
convolut ed. 

But Mr Case remains convinc ed that
digital medicine will t ake o…. As people
live longer and spend an ever larger pro­
portion of their income on he alth, he says,
Œthe consumer will dem and to know an d

w ill w ant to be empowered.• He likens the
current state of digital medicine to the
heady days of the late 1970s when Apple
ushered in the age of personal computing . 

Doctors are quick to poin t out th at tran­
sistors are not the same as transplants.
Medicine is more complex than electron­
ics or even the internet. And there are a
number of thin gs about established medi­
cal practice that are to be cherished and not
recklessly cast aside in the name of change. 

Reforma tion, not r evolution
That is why it m ay make more sense to see
the move to digital medicine as a reforma­
tion rather than a revolution. In an i ssue of
the British Medical Journal whic h was de­
voted largely to this topic last month, Jo­
anne Shaw, a prominen t †gure in the Brit­
ish medical establishment , argues that
Œtradition al paternalistic relationships be­
tween patients and doctors are being un­
dermined in m uch the same way as the re­
ligious Reformation of the 16th century
empower ed the laity and threatened the
1,000­year­old hierarchy of the Catholic
church in Europe. The Reformation h ad ir­
reversible consequences for Western soci­
ety; the implication s of the health­care ref­
ormation could also be profoun d.• Fiona
Godlee, the journal's editor, agrees with
her that the shif t toward s patient empow­
erment is Œunstoppable•.

As bottom­up digital medicine arrives
in full f orce, it will at l ast provi de reformers
w ith the tools they need to tackle the great
health­care challenges of this century:
dealing with the cost of chronic care for the
ageing population s of the rich w orld and
helping the weak health systems in poor
countries tackle deadly di seases. 7


