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Ebstract:

At the beginning of the 21st century, we are at the dawn of a possibly unprecedented era

of scientific discovery and promise. Emerging technologies, including information and
communication technologies, genomics, microelectromechanical systems, robotics, sen-
sors, and nanotechnologies, provide enormous opportunities for population health
improvement. Popuhtion health technology refers to the application of an emerging
technology to improve the health of populauons Emerging technologies present an
opportunity for addressing global health challenges—in both de\e_cp@d and developing
countries. Health issues ripe for the application of new technologies include disease
surveillance and control, environmental monitoring and pollution prevention, food safety,

health behavior ¢
prevention a

hange self-care, population screening, and chronic disease and injury

1<,

and control. If appropriately applied, population health technologies may

greatly enhance existing health intervention models. However, potulual advmse conse-
quences could arise 1elatad to privacy, confidentiality, and security; quality and effective-
ness; susvunab--lty, and the technology divide. To ensure the opmmﬂ development and

diffusion of population h

ealth technologies will chuua balancing these risks amd benefits

while sunuhaneousw adopting new mu:hamsms of public and private support for research
wnd development in this potem'aﬂ*f important new domain of public health.

(Am J Prev Med 2004;26(3):237-2
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Introduction

jechnology innovation is a major driver of ¢

1
global economy, o_uz‘u“) of life, and h alth i
provement. In the pre

1wologic advances have centz'ibw@d
individuais and co

elitis, and
borne diseases,
and botulism, have

sma.

result of health-re
tion, sanitation, and

i-nGV"ziOLS Sudq as pdbi riza
ef igeration.’ Dzseases
caused by nutritional deficiencies have been virtually
eliminated in many devdopec countries through the
use of food fortification. In addition, advances in
vehicle and highway design, such as energy-absorbing
steering wheels, safety belts, and highway barriers,
helped reduce the U.S. death rate per vehicle miles

traveled by more than threefold from 1966 to 1999.*°
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ing about g byte and transmission over a 10
gigabit/second Internet? network, such as Abilene). At

a time when prot otype nanotechnologies can detect the
resence of diagnostic proteins and genetic material in
molecular-scale quantities, most countries continue to

organolep%g

’“O

rely on an antiquated system of crude
inspections to ensure the safety of our food supply.
As SARS (severe acute respiratory syndrome) and other
recent disease outbreaks illusirate, current global dis-
ease surveillance systems and the public health infra-
structure are grossly inadequate in monitoring and
containing public health threats.'” In fact, technologies
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Table 1. Sample definitions of major terms used

Term Sample definitions®

Consumer health informatics

eHealth

Emerging technologies

“The use of modern computers and telecommunications to support consumers in
obtaining information, analyzing their unique health care
decisions about their own health.

“The use of emerging information and communication technology, especially the Internet,
to improve or enal I(, health and health care.”

Technologies that are expected to have substantial impact within 5-10 years but are

needs, and helping them make
»15

14

not ve L

commercialized or widely adopted.

Population health

“The health of a population as measured by health status indicators and as influenced by

social, economic and physical environments, personal health practices, individual

capacity and coping skills, human biology, early

services.”'9

Population heaith technology
Public health informatics
health practice, research,

child development and health

The application of an emerging technology to improve the health of populations.
“The systematic application of information and computer science and technology to public
and learning.

»l7

*Many definitions exist for these terms; these do not necessarily represent consensus of professionals in the field.

used by the U.S. trucking industry to monitor vehicles,
optimize routing, and communicate with drivers are
nuch more advanced than that used by public health
professionals to track hpalth problems, optimize ser-

2
‘JC€S and communic cl[& 12

How Technology Can Improve Population Health

Population health focuses on the multiple factors—
b oloO‘ica-, behavioral, environmental, and sscial—ihat

nfluence the health of groups of ';L;L()pls: * A popule-
tion health approach develops and implements inter-
entions to improve the health of the entire popula-
o* not J ust individuals. Soch interventions can be

environmental, educational, organi al, social, or
’ﬂf:hnoiogic in nature. ?G’puia‘ 1
(PHT) is defined as the appli
technology t@ 1mpwx the

C’iv&z §v th n could

cally emphasize preventive, behavioral, environmental
social, and systems-oriented interventions rather than
mediwl_y oriented ones. Although related terms, such
as “consumer health informatics” and “public health

informatics” might encompass some aspects of PHT,
thuse terms focus primarily on information technology
(IT) and, in many cases, solely on software applications
(Table 1).1%°17 Population health technology is pro-
posed as a broader concept that includes non-IT-
emerging technologies. This paper highlights the op-
portunities and challenges posed by PHTs, and it
describes a path to promote and accelerate their devel-
opment and diffusion.

Population health issues ripe for the application of
innovative technologies include disease surveillance
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and control, environmental monitoring and pollution

, health behavior change, self-

r

pre vention, food safe
care, population scrmenmd and chronic disease and

o7
injury prevention and control. Examples of possible
PHT :«zoda include middleware (software) t‘bat al-
lows the 1,1 ess integration and analysis of health-

related dambczses; real-time, virtual, individua 1} tai-
lored health advisors that can provide answers to any
health question at anytime; sensors that can detect the
presence of alcohol or drugs in a driver’s body and

t the operation of the vehicle; remote-sensing
?;edmciogies that monitor environmental conditions
la ; nity decay;

@m@rgency services and to local residents. This type of
technology could help prevent gun-related violence in
distressed neighborhoods, and it also could provide
essential data about the gunshot incidence that can be
used by local residents to advocate for improved public
safety programs and additional resources. In the near
future, such networked sensor technology need not be
limited to the monitoring of gunshots, fires, air pollu-
tion, or other events that might be obvious or abrupt in
nature. For example, future sensor technologies could
be able to detect subtle deterioration of neighborhood
infrastructure, such as damage to streets, sidewalks,
parks and trees, and neglected buildings. They could
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also be used to anonymously monitor the relationship
between such degraded neighborhoods and physical
activity levels of local residents or visitors. Such tech-
nologies would help fill a void in our ability to identily
and remedy local health problems before entire com-
munities deteriorate. Of course, as with some other
PHTSs, many concerns, including privacy and appropri-
ate use, need to be carefully evaluated before deploy-
ment. Appropriate roles for public health professionals
in the context of these emerging technologies include
helping consumers elucidate their needs and priorities,
translating those needs to technology developers, work-
ing with developers to pilot PHTs, evaluating the effec-
tiveness of the technology, and engaging in policymak-
ing processes about appropriate funding and uses of
PHTs.

Some technologies have already demonstrated their
utility for population health. For example, geographic
information systems (GIS), which integrate, analyze,
and visualize data related to physical location and time,
have been successfully applied in a range of population
health issues, including disease surveillance and emer-
gency planning and management, monitoring of crime
and atrisk neighborhoods, and tracking environmental
exposures.'” Benefits include increased ability to link
exposures to outcomes, improved program decision
making and planning, and greater support for commu-
nity advocacy.

If appropriately applied, !

change many existing health inte

iv

paradigms. With new PHTs
detect disease outbreaks earl

mary and secondary transmission, empower people to

throughout a comn

that support chronic disease management outside
healih care settings could prevent complications from
hese conditions, which is an important population
ealth concern.

To date, few investors and technology developers
have paid attention to population health—oriented
products compared with individually oriented, medical
care interventions (e.g., diagnostics and treatment mo-
dalities). This emphasis is reflected in the fact that the
bulk of the health care expenditures in the United
States—$1.3 trillion in 2000—is spent on medical care
interventions.” Although no official data are collected
on PHT expenditures, such investment is likely insig-
nificant compared with support for medical technology

4
t
1
i

research and development (R&D). For example, phar-
maceutical companies belonging to a major industry
trade group invested more than $30 billion in R&D in
2001%!; this investment does not include expenditures
by other medical care industies, such as device and
quipment manufacturers. There is no major public or
private funding program for PHT R&D to my knowledge.

In addition, the markets for PHTs have not been well
defined, and there is a lack of professional and public
understanding of this nascent field. Whereas there is a
strong track record of technology transfer among dis-
ciplines like computer science, commercialization of
ideas from population health-related institutions, such
as schools of public health, is rare because they lack the
technology or business expertise to develop or com-
mercialize technologies. Similarly, technologists and
entrepreneurs typically do not have the necessary ex-
pertise in population health and research. Develop-
ment of PHTs requires a multidisciplinary and mult-
sector approach that i

wolves stakeholders who do not
usually communicate or collaborate with each other.
Unfortunaiely, there is a lack of national and global
leadership and supporting infrastructure to address the
above deficits.

Rate-Limiting Faclors

-
: of
future PHTs either intentionally by users or automati-

ances and sensors. Product developers and policymak-
ers will need to proactively balance public concerns
about privacy protections with the information-sharing
needs of some business models and public health
programs. Policies, regulatory and otherwise, will need
to keep pace with technologic innovation. For example,
the rules recently promulgated under the Health Insur-
ance Portability and Accountability Act (HIPAA) fail to
address the substantial volume of data generated by
most eHealth applications.” Failing a comprehensive
approach, the impending proliferation of sensitive

health data—and associated potential abuses—might
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dwarf many benefits of PHT. In addition to appropriate
policies, more work is needed on methods for data
collection and management to ensure that such data
are used in the best interests of individuals and public
health. For example, model “data contracts” could be
developed to ensure that individuals—perceived by
many to be the real “owners” of most health data—have
control over and receive direct benefit from the use of
their data.

Quality and Effectiveness

As novel PHTs emerge, funders, purchasers, and users
should consider their evidence base before they are
widely implemented.*** Many PHTs will not only be
complex products themselves, but they will also be
netwmkcd to, and sometimes operate synergistically
with, other equally sophisticated applications. In these
instances, the potential for unintended errors is mag-
nified. Minimizing this risk can be achieved by integrat-
ing quality improvement and evaluation processes
throughout the product development life cycle.® Ex-
isting approaches and tools for quality assurance of
health websites could be applied to PHTs, but more
robust and dynamic mechanisms also are needed.”””

Research and evaluation tools for PHTs will likely be
refined in the context of real-life trials. Given that many
PHTs have origins in disparate scientific disciplines,
research and evaluation of these technologies likely will
] research teams across muitiple fields. E*‘ "%cz—
tion, emerging technologies wi

fets 1

g
9
o]
o
4]
m

research method

e ultimate question o be
eaiu and social impact o
population level?”

Because PHT products e !
orous outcome studies are limited. Thus,

believe that it is premature to
I the lack of empirical evidence for
some Piﬁis‘ However, it should be noted that man;
1 (non-technology-based) population health
interventions, which have been in practice for decades,

do not have empirical evidence of benef £.%0

il

Sustainability

Population health technologies can be financed and
sustained through two major ways: (I) commercial
ventures and sales or (2) government and foundation
support. For many PHTs, commercial viability is a
prerequisite for widespread adoption. Is or will there be
sufficient market demand for these technologies? Be-
cause of the diversity of potential PHTs, it is impossible
to answer this question outside the context of a specific
product. However, consider the history of automobile

safety technologies. When seat belts and airbags were
first introduced in the United States, the automobile
industry strongly opposed them because they believed
that consumers would not be willing to pay the added
costs.* But car manufacturers now routinely highlight
safety features as a major marketing strategy.”” Market
demand for automobile safety technology has evolved
to the point where it would be difficult to sell a car
without these features even if they were not legislated.

Because public health agencies—the traditional
funders of most population health programs—might
lack adequate budgets to support PHT deployment,
new business models are needed to sustain PHTs. The
appropriate business model is product specific, but
possible sources of support include both end users and
health intermediaries, such as corporations, employers,
health care providers, and health plans.

Market demand for many PHTs likely will crystallize
when the benefits of such technologies become clear to
potential users. In cases in which the commercial
viability of a specific PHT is marginal or unclear,
government agencies and foundations could fund
Lh(,:,e technologies that serve the public interest or
subsidize their use among certain populations. Regard-
less of the source of funding, a compelling return on
investment is nec%sa‘) for health technology invest
ment and adoption.” In the case of PHT, a social

return on investment ana

tify and monetize social r

ysis, which attempts to quan-
could be a useful

assessment m

Technolo gj innovations typically diffuse from
“early adopters” and others before they are widely

grow.

the }}O})Lﬂ’lﬁ(}’ﬂ.‘)b The diffusion process
I

J

adopted in
could help refine the tec
ness models.” Looki ng
was largely irrelevant and unaffordable to the general
U.S. population in the 1980s. But with affordable prices
and the added value proposition of Internet access in
the mid-1990s, demand for personal computers sky-
rocketed. Few people would argue now that develop-
ment of innovative Internet applications should have
been held back because of concerns about the digital
divide.

PHT presents a compelling opportunity for address-
ing global health challenges, from underserved groups

wnology and sustainable busi-

back, the personal computer
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in the developed world to those in less-developed
countries.”™ Developing economies may be ideal sites
for PHTs precisely because they currently lack technol-
ogy infrastructure—a situation that encourages the
deployment of “leap-frog” t
in some developing areas, wireless phones have been
adopted rapidly in areas without land-line connections,
and wireless phones now outnumber land-line phones.
In addition, less-developed countries that have a dire
need for high-impact interventions because they have
limited health care and public health options are
usually very receptive to new technologies and typically
have fewer status quo institutions and policies that
might hinder the deployment of new technologies.

technologies. For e‘mmple

talyzing Development and Diffusion of PHT

"”11 -ollowmo activities should be considered in build-
e field of PHTs and in accelerating their devel-
opmeL t and diffusion.

yw
bt
,_.o
,___,

Infrastructure Development

National and global infrastructures are needed to sup-
port PHT development and dissemination. Appropri-
ate infrastructure could help set national - I

and g! obal
DTO

acreﬁdes for devek)“n nent of hd ‘pvonty PHT:, g

opuzmze amﬂablp resources by Creauﬂ.g ﬂetWOika of
individuals \mh miae -ests and skills, develop

ded by PHT deve 'ioi;—
ics, and educate
aohc health iy fw-

w1
s
Fo
Iy

Given the

skills required to successfully develop and
implement PHTSs, new multidisciplinary academic pro-
grams will be needed to train PHT developers. As
starting points, emerging technologies should be ad-
dressed in health care professional and public health
curricula, and training activities should be developed to
diversify the skills of existing professionals from the
health, technology, and business communities.

Investment

Increased funding for PHT R&D and dissemination is
critical to the development of this new field. Most
current funding for PHTs comes from government
agencies and private foundations, and, given that many

PHT concepts are untested in the marketplace, this
funding likely will continue in the near future. How-
ever, dngei investors, venture Capiialists, corporations,
and other pri'm te investors could support PHTSs as theis
comimercial value becomes more clearly defined.

Mining Existing Techn

ig ologies

In addition to developing new PHTs, existing technol-
ogies could be repurposed for population health needs
as appropriate. The wide array of intellectual property
developed under government and corporate R&D and
funding programs should be mined for technologies
that could be adapted for population health. In the
United States, this array includes programs funded by
the Small Business Innovation Research (SBIR) program,
he Defense Advanced Research Projects Agency
(DARPA), the Natonal Science Foundation, the National
Institutes of Health, and multinational corporations.

-

Policy Change

Many PHTs would more likely be adopted widely with
supportive health policy change because they haw
fundamental implications for healthcare and public
nealth systems FU example, outcomes associated with
HTs that prov;de expert health decision support
based on the person’s biologic and behavioral profile
and environmental context eve \muaily could supersede
those oaifomes associated with unassisted professional
op_szﬁmvo;ﬁ process the £

»

2]

e

Tu:imo‘u,g" is being woven into the very fabric for

naintain health and wci being
We cannot predict the future, but, to the extent thatw
can facilitate the appropriate use of emerging techn
ogies in population hcal th, the more likely we are to
become tailors of our destiny.
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helping to refine some of the concepts presented in this
paper; and Jessica Siehl for research assistance.
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