
The Shale Gas Boom and the Need for Rational Policy
High-volume, slick water

hydraulic fracturing of shale

relies on pumping millions

of gallons of surface water

laced with toxic chemicals

and sand under high pres-

sure to create fractures to

release the flowof gas.

The process, however, has

the potential to cause serious

and irreparable damage to

the environment and the po-

tential for harm to human

and animal health. At issue

is how society should form

appropriate policy in the

absence of well-designed

epidemiological studies and

health impact assessments.

The issue is fraught with

environmental, economic,

and health implications, and

federal and state govern-

mentsmust establish detailed

safeguards and ensure re-

gulatory oversight, both of

which are presently lacking

in states where hydraulic

fracturing is allowed. (Am

JPublic Health. 2013;103:

1161–1163. doi:10.2105/

AJPH.2013.301285)

Madelon Finkel, PhD, Jake Hays, MA, and Adam Law, MD

BALANCING THE NEEDS OF THE

economy and society with the
protection of the environment and
health is not a new issue. Count-
less global examples exist, such as
the contamination of bodies of
water as a result of oil spills,
degradation of the environment
resulting from coal mining or
mining for metals and ore, and
unregulated industrial growth
contributing to air, soil, and water
pollution. As the global demand
for energy, be it oil, coal, nuclear,
hydroelectric, wind, or solar, ac-
celerates, the challenge to meet
the demand without causing un-
due harm to either the environ-
ment or human health becomes
more complicated and difficult.

Oil and coal combined repre-
sent nearly 60% of the world’s
energy supply.1 Both, however,
have the disadvantage of having
a negative impact on the environ-
ment, including but not limited to
contributing to atmospheric pol-
lution. Natural gas is abundant
around the world and is com-
monly viewed as a cleaner and
more efficient energy source.
Moreover, it is easy to transport,
reasonably economical, requires
comparatively quick construction
timelines and low capital costs,
and has the added advantage of
bringing jobs to economically de-
pressed regions where natural gas
reserves are plentiful.

The search for energy alterna-
tives has benefited substantially
from advances in technology. Un-
conventional drilling is now the
primary method used to extract
natural gas from vast shale de-
posits by means of high-volume,
horizontal hydraulic fracturing
from long laterals using multi-well

pads. This extraction process relies
on pumping millions of gallons
of surface water laced with sand
and toxic chemicals (slick water)
under high pressure to open or
create fractures in the shale for-
mation, thus releasing the flow of
gas to the surface. Along with the
natural gas, massive quantities
of waste fluids are also returned to
the surface. Of the fracking fluid,
30% to 70% will resurface as
flowback fluid, bringing with it
toxic substances including heavy
metals, volatile organic com-
pounds including benzene, and
naturally occurring radioactive
materials.2 The materials acquired
by the flowback fluid can be
equally as or more toxic than the
hydraulic fracturing fluid injected
into the wells. The disposal and
storage of the flowback waste
fluids is a significant public health
issue. Presently, flowback waste
fluids are held in open reserve pits
or in non-airtight metallic con-
tainers, the contents of which must
be disposed of safely because of
the real possibility of contamina-
tion of air and soil, as well as
waterways and watersheds. To
date, most states do not have ade-
quate regulations on drilling, par-
ticularly related to the disposal
of these toxic fluids.

Concerns about the potential
for contamination of water pro-
vided the impetus for the US En-
vironmental Protection Agency to
study the issue. In December
2011, the agency released a draft
report of its investigation of
groundwater contamination near
Pavillion, Wyoming, and con-
cluded that the groundwater
was likely contaminated by the
hydraulic fracturing activities.3

Despite this finding, current laws
allow the oil and gas industry to
inject hazardous materials un-
checked near drinking-water sup-
plies. Fracturing fluids are exemp-
ted from the Safe Drinking
Water Act, which authorizes the
Environmental Protection Agency
to set national health-based stan-
dards for drinking water to protect
against both naturally occurring
and manmade contaminants that
may be found in drinking water.
The oil and gas industry was
granted this exemption in the En-
ergy Policy Act of 2005, which
amended the Safe Drinking Water
Act to exclude the “underground
injection of fluids or propping
agents (other than diesel fuels)
pursuant to hydraulic fracturing
operations related to oil, gas, or
geothermal production activities.”4

The natural gas extraction pro-
cess itself produces emissions of
multiple health-hazardous air pol-
lutants, including benzene, tolu-
ene, ethylbenzene, xylene, form-
aldehyde, hydrogen sulfide,
acrylonitrile, and methylene chlo-
ride.2 Air quality is further com-
promised by heavy truck traffic to
and from the drilling site. One well
site could require as many as
3399 one-way truck trips, ac-
cording to the New York Depart-
ment of Environmental Conserva-
tion’s 2011 draft environmental
impact statement on hydrofracking.5

Natural gas extracted from
shale may also contribute sub-
stantially to global greenhouse gas
emissions. Natural gas is com-
posed largely of methane, a pow-
erful greenhouse gas with a global
warming potential far greater
than that of carbon dioxide. An
estimated 3.6% to 7.9% of the
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methane from shale gas produc-
tion escapes to the atmosphere in
venting and leaking over the life-
time of a well.6 These methane
emissions are perhaps more than
twice as great as those from con-
ventional gas.7 Recent studies by
the National Oceanic and Atmo-
spheric Administration have indi-
cated that methane is leaking at
rates even higher than previously
anticipated.8 Reconciling the ben-
efits of natural gas and its potential
harms to both the environment
and public health is a key chal-
lenge facing policymakers.

At present, the natural gas in-
dustry operates in a world in
which safety measures are self-
regulated, laws are protective of
the industry rather than of those
living in close proximity to drilling
sites, and environmental remedia-
tion is the reactionary norm. If
precautions are not enforced, un-
conventional drilling for natural
gas has the potential to cause se-
rious and irreparable damage to
the environment by having a neg-
ative impact on air, soil, and water
quality as well as the climate.

The paucity of scientific evi-
dence looking at the public health
impact of natural gas extraction
complicates the issue. It is difficult
and potentially dangerous to for-
mulate policy and regulations in
a vacuum. Although there have
been anecdotal reports of adverse
health effects (e.g., severe head-
aches, sinus problems, nosebleeds)
among those living in close prox-
imity to shale gas drilling,9 there is
a paucity of objective, evidence-
based epidemiological research.
Witter et al.,10 in their review of
the available literature, showed
that evidence of risk to human
health ranges from the compara-
tively benign (e.g., psychological
problems) to the more serious (e.g.,
cancer, cardiovascular disease,
and asthma). Implicit in this review

is a lack of well-designed epide-
miological studies to scientifically
quantify the potential for human
harm. That being said, in the
absence of health impact assess-
ments on human health, animal
studies can often shed light on the
potential harmful effects of dril-
ling. Like the canary in the coal
mine, cows, horses, poultry, and
other wildlife can be used as sen-
tinels to foreshadow impacts to
human health.

Animals tend to suffer more
direct exposure and have shorter
life and reproductive cycles than
humans. A recent qualitative
study11 published in a peer-
reviewed journal focused on the
impact of gas drilling on animal
health (interviews conducted with
animal owners in Colorado, Loui-
siana, New York, Ohio, Pennsyl-
vania, and Texas). The researchers
documented reproductive (e.g.,
irregular cycles, failure to breed,
stillbirths), neurological (e.g., sei-
zures, incoordination, ataxia),
gastrointestinal (e.g., vomiting,
diarrhea), and dermatological
(e.g., hair and feather loss, rashes)
problems among livestock. These
findings need to be verified in
a more quantitative study; the
implications for animal health,
as well as for the beef and dairy
industries, could be considerable.
Moreover, on the basis of the
findings from this qualitative
study, we argue that the need to
study the potential for harm to
human health is urgent.

The concern over the paucity
of studies has highlighted the dis-
tinction between science-based
advocacy and advocacy-based
science.12 Scientists who have
expressed support of hydraulic
fracturing have been accused of
being in the industry’s back
pocket, and those who have
come out against it have been
accused of promoting their own

environmental agenda. The role of
science in advocacy is important,
but regardless of one’s position,
methodologically well-designed
studies need to be conducted on
which policy recommendations
should be made. With regard to
the public health implications of
natural gas drilling, we should not
conclude that an absence of data
implies that no harm is being
done. The burden of proof should
not be the public’s to bear.

In the absence of methodologi-
cally sound data, many states and
countries have taken a precaution-
ary stance and banned drilling.
France and Bulgaria have banned
hydraulic fracturing. The United
Kingdom, however, is moving
ahead with drilling despite strong
protests against this decision.13

Other countries with large natural
gas deposits such as Poland, South
Africa, and Canada are under
pressure from the gas industry to
allow drilling for natural gas. In the
United States, New York State, in
contrast to neighboring Pennsylva-
nia, has an extended moratorium
on drilling pending review of an
environmental impact assessment
conducted by the State Department
of Environmental Conservation.
Concerns about the content of the
report, as well as fears of water
contamination, prompted the gov-
ernor to ask the state health com-
missioner to form a panel to de-
termine whether the Department
of Environmental Conservation
adequately addressed potential
impacts to the environment and to
the public’s health.

In his 2012 State of the Union
Address, President Obama said
that his administration would take
every possible action to safely
develop natural gas energy. He
called on companies that drill for
gas on public lands to disclose
the chemicals that they use. The
president’s implied message is that

this industry needs to be devel-
oped without jeopardizing the
health and safety of people and
animals. The Centers for Disease
Control and Prevention, in an of-
ficial policy statement regarding
the safety of hydraulic fracturing
that was issued after the presi-
dent’s address, recommended that
further study is warranted to
better understand the potential
public health impact.14

Natural gas has been in shale
formations for millions of years; it
is not going anywhere and will be
around for generations to come.
This form of energy could turn out
to be an important source of en-
ergy, but in the absence of health
impact assessments on both ani-
mals and humans, the rush to drill
should be tempered. Given the
potential for harm, we advocate
precautionary measures and as-
sert that the burden of proof for
potentially harmful actions rests
on the assurance of safety in areas
of scientific uncertainty.15 Society
owes it to those living in areas with
both active and planned drilling
to study the potential for harm and
to mandate policies and streng-
then regulations to ensure that
adverse effects to the public’s
health are not an unfortunate
consequence of an industry’s
eagerness to capitalize on this
new energy boom. j
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Achieving Population Health in Accountable Care Organizations
Although “population

health” is one of the Insti-

tute for Healthcare Improve-

ment’s Triple Aim goals, its

relationship to accountable

care organizations (ACOs)

remains ill-defined and lacks

clarity as to how the clinical

delivery system intersects

with thepublichealthsystem.

Although defining popu-

lation healthas“panel”man-

agement seems to be the

default definition, we called

for a broader “community

health” definition that could

improve relationships be-

tween clinical delivery and

public health systems and

health outcomes for com-

munities.

We discussed this broader

definition and offered rec-

ommendations for linking

ACOs with the public health

system toward improving

health for patients and their

communities. (Am J Public

Health.2013;103:1163–1167.

doi:10.2105/AJPH.2013.

301254)

Karen Hacker, MD, MPH, and Deborah Klein Walker, EdD

WITH THE PASSAGE OF THE

Affordable Care Act (ACA),1 the
United States has turned its atten-
tion to improving the quality of
health care while simultaneously
decreasing cost. As we move to-
ward alternative and global pay-
ment arrangements, the need to
understand the epidemiology of
the patient population will become
imperative. Keeping this popula-
tion healthy will require enhanc-
ing our capacity to assess, monitor,
and prioritize lifestyle risk factors
that unduly impact individual pa-
tient health outcomes. This is es-
pecially true, given that only 10%
of health outcomes are a result of
the medical care system, whereas
from 50% to 60% are because
of health behaviors.2,3 To change
health behaviors, it will be neces-
sary to engage in activities that
reach beyond the clinical setting
and incorporate community and
public health systems.4

The Institute for Healthcare
Improvement (IHI), a leading

not-for-profit organization dedi-
cated to using quality improve-
ment strategies to achieve safe
and effective health care, has de-
veloped the Triple Aim initiative5

as a rubric for health care trans-
formation. The three linked goals
of the Triple Aim include improv-
ing the experience of care, improv-
ing the health of populations, and
reducing per capita costs of health
care.6 However, although two of
the three aims---experience of care
and cost reduction---are self-explan-
atory, there is little consensus about
how to define population health.
Words like “panel management,”
“population medicine,” and “pop-
ulation health” are being used
interchangeably. Berwick et al.6

describe the care of a population
of patients as the responsibility
of the health care system and use
broad-based community health
indicators as evidence of improve-
ment. Other recent publications
have attempted to describe popu-
lation health from the hospital,7---10

primary care,11 and community
health center perspectives.12 The
“clinical view” identifies the pop-
ulation as those “enrolled” in the
care of a specific provider, provider
or hospital system, insurer, or
health care delivery network
(i.e., panel population).7 Alter-
natively, from the public health
perspective,8 population is defined
by the geography of a community
(i.e., community population) or the
membership in a category of per-
sons that share specific attributes
(e.g., populations of elderly, minor-
ity population). In either case, the
context of a community and the
existing social determinants of
health, ranging from poverty to
housing, are known to have sub-
stantial impact on individual
health outcomes. Thus, ensuring
the health of a population is highly
dependent on addressing these
social determinants and requires
collaborative relationships with
community institutions outside
the health care setting.13,14
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Two key concepts that will
greatly influence the definition
and actualization of population
health in the post-ACA era
include the accountable care
organization (ACO)15 and the
patient-centered medical home
(PCMH).16 The ACO represents
an integrated strategy at the de-
livery system level to respond to
payment reform.15 These inte-
grated systems of care are poised
to manage a population of pa-
tients under a global payment
model. The PCMH is focused
on transforming primary care to
better deliver “patient-centered”
care and to address the whole
patient, including their health and
social needs.17,18 Both models will
need to identify, monitor, and
manage their “population” of pa-
tients. However, their ability to
extend their definition of popu-
lation health to encompass the
entire community will depend on
resources, market share, and the
strength and capacity of collabo-
rating community and public health
organizations. As integrated deliv-
ery systems are asked to do more
than focus on their own patients,
they will require additional re-
sources. These may come from
a realignment of existing programs
(community benefits), a return on
investment from effective preven-
tive care, or collaborative rela-
tionships with existing community
and public health organizations.

In this article, we discuss two
major points regarding ACOs
and their approach to population
health. First, ACOs should be
committed to serving the health
of the people in the communities
from which their population is
drawn, and not just the popula-
tion of patients enrolled in their
care to achieve the population
health goal. Second, to achieve
this expanded definition of pop-
ulation health, ACOs will need to

engage in collaborative efforts
with community agencies and
the public health system. We de-
scribe a “community” definition
of population health to be used in
lieu of the “panel” definition
and then outline the resources
needed and strategies for collab-
oration. Finally, we offer recom-
mendations to assist ACOs in
realizing their population health
goal.

DEFINING POPULATION
HEALTH

Population health connotes
a high-level assessment of a group
of people.9 This epidemiological
framework is often in direct op-
position to the manner in which
the health care system has cared
for patients in a fee-for-service
model: one individual at a time.
Currently, population health is
being seen in two distinct ways: (1)
from a public health perspective,
populations are defined by geog-
raphy of a community (e.g., city,
county, regional, state, or national
levels); and (2) from the perspec-
tive of the delivery system (indi-
vidual providers, groups of pro-
viders, insurers, and health delivery
systems), population health con-
notes a “panel” of patients served
by the organization.

In the post-ACA world, as pay-
ment models shift from fee-for-
service to global payment, ACOs
will necessarily reorient from
a disease focus to a wellness focus
to improve quality and contain
costs. Although they will have an
ethical and contractual obligation
for the patients for which they
care, their engagement in the
larger community may be highly
dependent on which members of
the community population actu-
ally end up being part of a par-
ticular ACO or PCMH panel. The
larger the overlap between an

ACO panel and the community
population, the more the overall
health of the community will
contribute to the ACOs’ ability to
keep their patients healthy. Sim-
ilarly, the larger the overlap
between community population
and ACO panel, the more ACO
health outcomes will drive com-
munity health indicators. Table 1
displays how an ACO might ad-
dress a variety of characteristics,
depending on the chosen definition
of population health (none, panel of
patients in the delivery system, all
members of a community).

Resources

As provider organizations are
asked to embrace the broader
community definition of popula-
tion health, resources will be
needed to support this role. These
resources include access to data,
funding, and collaborative
relationships.
Data. With the emergence of

the electronic medical records,
ACOs should become more facile
at viewing their population as
a whole and identifying trends
across their panel’s health (age,
gender, race, chronic conditions).
The data needed for this endeavor
are largely collected at the visit
level by registration and clinical
staff. With adequate health infor-
mation technology, systems can
now examine issues such as risk
for future disease, comorbidities,
and quality metrics across a de-
fined population. Using these data,
the ACO can also determine the
zip codes and communities where
a majority of their patients reside
and compare their health indica-
tors to the community health in-
dicators for the same geography.

Data on community health
indicators (e.g., preventive ser-
vices use, infectious disease rates,
lead paint exposure, occupational
health issues, cancer rates, births,

and deaths from vital statistics) are
more accessible than ever before.
The National Prevention Strategy19

and the Healthy People 2020 goals
for the nation20 include health
indicators for population health
at the community level. Much of
community health information
resides with state and county or city
health departments, some of which
have online interactive data tools
that are available to the public
(MassCHIP-Massachusetts21). New
tools, such as the County Health
Rankings22 and the Community
Health Status Indicators,23 are
publicly available and allow users
to obtain county-level health data.
In some jurisdictions, provider
organizations are identifying
ways to share de-identified data
with community health leaders
to jointly identify priority pre-
vention strategies.24

Funding. ACOs will also need
to identify financial resources to
achieve population health goals.
The current fee-for-service struc-
ture does not support population
health efforts, and although dem-
onstration grants may help, they
cannot sustain ongoing work.
Today, nonprofit hospitals are re-
quired to provide some support
for community programs through
the recently revised community
benefit in the ACA.25 Realigning
hospital community benefit pro-
grams with population health
efforts can help support the
expanded role.

Simultaneously, ACOs need to
assess which preventive strategies
will yield the best return on in-
vestment (ROI) for their patients.
Evidence-based services that
demonstrate ROI and improved
health outcomes can help in this
endeavor. Nationally, two sets of
evidenced-based prevention ser-
vices have been identified: clinical
preventive services, such as mam-
mography, immunizations, and
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smoking cessation26; and commu-
nity preventive services, such as
fluoridation, lead testing, and
community screening.27 Many of
the clinical preventive measures
are considered quality measures
by major accrediting systems
(e.g., Healthcare Effectiveness
Data and Information Set or the
National Committee for Quality
Assurance) and are also included
in health coverage under the ACA.
Assuming an ROI is realized,
dollars saved can shift to support
community and public health
initiatives. Additionally, the fed-
eral public health trust fund pro-
vides a new revenue stream to
support prevention strategies di-
rectly tied to health improvement
and cost containment.28 This
was recently replicated in Mas-
sachusetts with the passage of
Chapter 224.29

Collaboration. Many of these
evidence-based prevention prac-
tices fall within the purview of
community agencies and the
public health system outside of
ACO responsibility. For example,
smoking bans promulgated by
public health authorities have af-
fected smoking rates and second-
hand smoke exposure and have
led to lower risk of hospitalization
for cardiac and pulmonary condi-
tions.30 Therefore, ACOs that
strive to improve population health
within geography will need to
develop partnerships to support
prevention activities while integrat-
ing complementary efforts into
clinical settings. In particular, the
ACO’s relationship with the local
public health authority or authori-
ties is essential. Although the public
health authority is not the only
organization with which an ACO
will need to collaborate, it is the
only agency that has legal au-
thority and mandates to protect,
promote, and assure the health
for every individual in the
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community.31 Despite the logic of
this partnership, integrating pub-
lic health and the delivery system
has proven difficult.32,33 Today,
the ACA poses an unprecedented
opportunity to refocus these efforts.
While ACOs are contemplating
the best strategies for population
health improvement, public health
authorities are also recognizing
their changing roles34,35 and
their need to effectively align
with providers.36 As health in-
surance expands, public health
clinical services are likely to de-
crease, and core functions including
surveillance, regulation, and quality
assurance will be more important
than ever before. States such as
Massachusetts, Minnesota, Wash-
ington, and Vermont have already
evolved from delivering direct ser-
vices to providing “wrap around”
services (e.g., outreach, care coor-
dination) and maintaining the core
public health functions. Under
global payment models, ACOs will
depend on public health authorities
to address regulatory and policy
issues that have wide-reaching
health impact.37

Figure 1 presents three possible
relationships between health
delivery and public health sys-
tems. When a community is
served by one health system and
one public health authority, in-
tegration efforts may be more
easily achieved. However, in

other cases, the delivery system
will need to work with a number
of public health authorities or
the public health authority will
need to work with numerous
delivery systems.

Strategies to Overcome

Obstacles

To achieve alignment between
provider organizations and com-
munity and public health agencies,
strategies are needed to overcome
multiple obstacles. For example,
in highly competitive environ-
ments with multiple providers,
a strategy of cooperation be-
tween clinical delivery systems
and community and public health
agencies is required to jointly
improve population health. The
Institute of Medicine report,
Improving Health in the Commu-
nity38 presented a method for
multiple stakeholders in a com-
munity coming together to “share
accountability” for population
health outcomes. Weak public
health infrastructure is another
obstacle, and in these cases, the
delivery system may need to
shore up core public health
functions (assurance, assessment,
policy).31 In communities with
strong public health systems,
public health can address health
from a policy and regulatory
perspective while the health care
system provides individual

clinical prevention and treat-
ment.37,39 ACOs may lack the
appropriate skills and resources
to achieve population health
goals, posing another challenge.
A strategy that identifies and
connects an ACO to community
and public health resources can
enhance population health
efforts. For example, many
community and public health
agencies have extensive experi-
ence and programs serving vul-
nerable populations and can
assist ACOs in their outreach
efforts. Overall, ACOs and public
health systems can play comple-
mentary roles in improving
population health goals as seen
in the following examples.

1. An urban ACO serving a large
city works with a local public
health authority to identify
geographic pockets of patients
with diabetes. The ACO fo-
cuses on improved diabetes
management in the clinical
setting while linking to com-
munity resources for patients
requesting exercise and phys-
ical activity options. Public
health can lead a campaign to
improve access to fresh fruits
and vegetables and change poli-
cies related to menu labeling.

2. An ACO serving a number of
suburban communities identifies
high use of the emergency room

from alcohol-related issues in
young adults as a focus for im-
provement. Working with the
public health authority, local
schools, and substance abuse
agencies, the collaboration cre-
ates a safe rides program and
develops policies to monitor un-
derage liquor sales.

3. An ACO serving a large rural
population has trouble provid-
ing enough access for immuni-
zations to elders. Community-
wide access to immunizations is
provided by working with the
public health authority and lo-
cal pharmacies. Communication
strategies that link pharmacies
and public health to the ACO
are developed, along with an
immunization registry
for public health population-
level surveillance.

Recommendations

It will take time for newly
emerging ACOs to develop
meaningful collaborative relation-
ships with public health entities.
We recommend the following
steps for ACOs:
d Determine in which geographic
communities patients reside
and what the overlap is between
the ACO panel and the commu-
nity population.

d Compare the health of the
population served by the ACO
with that of the community.

d Decide what level of overlap
in any geographic area merits
collaboration. The more market
share an ACO has in the area,
the more investment in collabo-
ration might be made, and the
more impact that investment will
have on health outcomes.

d Engage in collaboration with
public health and key commu-
nity agencies, including con-
ducting a joint needs assessment.

d Collaboratively select health
outcomes for focus.

Integrated
Delivery System

Integrated
Delivery 
System

Integrated
Delivery 
System

Public
Health
System

Public
Health
System

Public
Health System

a b c

FIGURE 1—Relationships between integrated delivery system and public health system.
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d Set up a formal agreement with
the public health authorities to
share data and monitor progress
toward goals in clinical and
community settings.

d Identify population health indi-
cators to be included on the
ACO dashboard.

d Use a portion of global payment
fee to support community public
health activities.

CONCLUSIONS

To fully meet the goals of the
Triple Aim, including improving
the health of a population, ACOs
must define “population health.”
We recommend that they em-
brace the broad community defi-
nition of population health and
take steps to work collaboratively
with community and public health
agencies. Future financing and
value-based purchasing should
reward collaborations that result
in population health improve-
ments at the community level. As
health care moves toward alter-
native and global payment ar-
rangements, the need to under-
stand the epidemiology of the
patient population is imperative.
Keeping the population healthy
will require enhancing capacity to
assess and to monitor and priori-
tize lifestyle risk factors and social
determinants of health that unduly
affect health outcomes. j
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