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Health care costs in the United States are increasing unsustainably,
and further efforts to control costs are inevitable and essential.
Efforts to control expenditures should focus on the value, in addition to the costs, of health care interventions. Whether an intervention provides high value depends on assessing whether its
health benefits justify its costs. High-cost interventions may provide
good value because they are highly beneficial; conversely, low-cost
interventions may have little or no value if they provide little benefit.
Thus, the challenge becomes determining how to slow the rate
of increase in costs while preserving high-value, high-quality care. A
first step is to decrease or eliminate care that provides no benefit
and may even be harmful. A second step is to provide medical
interventions that provide good value: medical benefits that are
commensurate with their costs.

This article discusses 3 key concepts for understanding how to
assess the value of health care interventions. First, assessing the
benefits, harms, and costs of an intervention is essential to understand whether it provides good value. Second, assessing the cost of
an intervention should include not only the cost of the intervention
itself but also any downstream costs that occur because the intervention was performed. Third, the incremental cost-effectiveness
ratio estimates the additional cost required to obtain additional
health benefits and provides a key measure of the value of a health
care intervention.

B

ments about value are fundamental to decision making in
most arenas but often have been missing in health care
settings. The distinction between cost and value is critical:
High-cost interventions may provide good value because
they are highly beneficial; conversely, low-cost interventions
may have little or no value if they provide little benefit.
We can group interventions broadly into 2 categories.
The first category comprises interventions that provide
minimal or no health benefit. These interventions typically
have low value, regardless of their cost. For example, routine (as opposed to selective) imaging studies for low back
pain meet these criteria (1, 2) because such studies do not
improve outcomes and may cause harm. Thus, this practice is wasteful and can be decreased or discontinued without a negative effect (and possibly with a positive effect) on
the quality of care.
The second category comprises interventions that provide net benefit. Understanding the value of these interventions requires a quantitative assessment of their benefits
and costs. Such assessments usually are done as costeffectiveness analyses, which explicitly delineate the
tradeoffs between health benefits and expenditures but do
not determine whether an intervention should be offered.
Determination of whether to offer an intervention depends
on a judgment by the patient or policymaker about how
much he or she is willing to pay for health benefits (3).
In this article, we briefly review why the delivery of
high-value health care is important and then discuss the
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principles that can help clinicians and policymakers identify and deliver high-value care (4). We emphasize 3 key
concepts. First, it is essential to assess the benefits, harms,
and costs of an intervention to understand whether it provides good value. Second, an assessment of the cost of an
intervention should include not only the cost of the
intervention itself but also any downstream costs that
occur as a result of the intervention. Finally, the incremental cost-effectiveness ratio, which estimates how
much additional cost is required to obtain additional
health benefits, provides a key measure of the value of a
health care intervention.

RATIONALE FOR HIGH-VALUE CARE: HIGH COSTS
UNSUSTAINABLE COST INCREASES

AND

As the health care reform debate highlights, health care
costs are high and are increasing at a rate that could potentially bankrupt the federal government and devastate
family budgets. Thus, health care resources necessarily will
be limited. An important rationale for the delivery of highvalue health care is to preserve the delivery of interventions that do provide good value. Discussions of costeffectiveness analysis, especially in the political discourse
surrounding health care reform, often devolved into discussions about rationing, along with statements (presented
without evidence) that using cost-effectiveness analyses
would promote rationing. However, the term rationing as
used in these debates implicitly refers to restricting the use
of any intervention, regardless of its effectiveness or value.
If rationing is more appropriately defined as restricting
the use of effective, high-value care, we believe that using
cost-effectiveness analyses may help avoid rationing. That
is, we believe that the best way to avoid inadvertent reductions in effective and efficient care is to identify and eliminate wasteful practices and to demonstrate which interventions provide high value.

COMPARATIVE EFFECTIVENESS

AND

COST-EFFECTIVENESS

Health care reform has focused attention on, and substantially increased funding for, comparative effectiveness
research (CER). The Institute of Medicine defines CER as
“the generation and synthesis of evidence that compares
the benefits and harms of alternative methods to prevent,
diagnose, treat, and monitor a clinical condition or to improve the delivery of care” (5) that identifies “what works
best for which patients under what circumstances” (5). The
purpose of CER is to help patients, providers, and policymakers make more informed decisions about health care.
As some observers have commented, consumers often
know more about the pros, cons, and costs of televisions,
cars, and appliances than they do about health care interventions. If CER also assesses utilization and costs, it can
further help provide a foundation for cost-effectiveness
analysis (6).
www.annals.org
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Cost-effectiveness analysis compares the health benefits and costs of 2 or more preventive, diagnostic, or treatment strategies. The analysis estimates a measure of the
value of one intervention compared with another, called
the incremental cost-effectiveness ratio. This ratio measures
efficiency and estimates the additional expenditures required to gain additional health benefits when a more effective and expensive strategy is undertaken. The incremental cost-effectiveness ratio is the change in costs
divided by the change in health benefit when 2 strategies
are compared (see the Appendix for more detail).
Health benefit can be measured in many ways, including conditions diagnosed or prevented or life-years or
quality-adjusted life-years (QALYs) gained. A QALY is an
important metric that is calculated by assessing how long a
person lives and how persons assess quality of life during
their lifetime (7). They are useful in measuring health benefits because they take into account the benefits from
longer life or better quality of life. They are also useful
because the benefits from cancer treatment, coronary artery
bypass surgery, or screening for HIV can all be expressed
in terms of QALYs. Thus, we can compare the costeffectiveness of interventions for treating cancer or heart
disease or of preventive interventions.
The cost-effectiveness ratio is expressed in dollars per
health outcome, such as dollars per life-year gained, per
infection prevented, or per condition diagnosed. For example, the cost-effectiveness of HIV screening could be expressed as $15 000 per QALY gained. Therefore, implementing HIV screening in a setting in which it was not
done previously would cost $15 000 for each additional
QALY gained from screening patients for and treating patients with HIV.
Cost-effectiveness analysis is a powerful tool but raises
challenges in the evaluation of interventions. Evidence
about effectiveness and harms may be of low quality or
inconclusive. Costs can vary substantially among practice
settings and may be difficult to obtain. Clinicians may lack
data on how health outcomes affect patients, such as the
quality of life of persons in specific health states. However,
a carefully performed analysis highlights such issues and
provides important insights about an intervention despite
shortcomings of the available data.
Understanding Benefit and Harms: Will an Intervention
Help or Hurt?

Understanding the benefits and harms of the intervention is central to assessing whether an intervention can
provide high-value health care (8 –11). Comparative effectiveness research provides the foundation for this assessment. Comparing strategies or therapies is particularly important, and CER directly addresses this comparison. Is
one strategy to manage lipid levels better than another
(12)? Does medical therapy or revascularization provide
better outcomes in patients with ischemic heart disease
(13)? Identifying the populations in whom an intervention
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is successful and whether effectiveness differs between particular subgroups also is important. For example, are percutaneous interventions better than coronary artery bypass
surgery in patients with diabetes (14, 15)?
Different types of evidence may inform different aspects of comparative effectiveness. Randomized clinical trials in selected populations may provide an estimate of efficacy, defined as the impact of the intervention under ideal
circumstances. However, to estimate efficacy, adherence to
the intervention in the trial should be optimized to the
extent possible; substantial rates of nonadherence will result in an underestimate of the efficacy of an intervention.
Randomized trials performed in circumstances and populations that reflect how an intervention will be used in
practice provide an estimate of effectiveness, defined as the
impact of the intervention under typical, rather than ideal,
circumstances.
Randomized trials or observational studies may provide data on harms. Nonadherence in a randomized trial
could result in an underestimate of harms, because fewer
patients would be exposed to the intervention. Because
some harms occur only rarely, large observational studies
may be the best source of evidence for such harms (11).
Finally, in considering harms, both short-term harms (for
example, an immediate adverse reaction to a drug) and
long-term harms (for example, cancer induced by radiation
from imaging studies [16]) are important to evaluate. The
net benefit of an intervention is the extent to which the
benefits outweigh the harms.
Systematic reviews are a mainstay of CER. Organizations that have led notable systematic reviews include the
Evidence-based Practice Centers funded by the Agency for
Healthcare Research and Quality (8), the Cochrane Collaboration, and the United Kingdom’s National Institute
for Health and Clinical Excellence. Systematic reviews and
meta-analyses provide a comprehensive assessment of the
Table 1. Cost-Effectiveness Analysis of Implantable
Cardioverter-Defibrillators
Variable

Description

Population group

Patients with a previous myocardial infarction
and an ejection fraction ⬍0.30
A 31% reduction in total mortality over
20-mo follow-up
Lead failure or infection requiring
intervention (approximately 2%)
Peri-implantation mortality
Positive, with a large reduction in total
mortality that outweighs harms

Benefit
Harms

Net benefit
Approximate costs
Implantation
Long-term costs
Generator replacement
Balancing net benefit
with costs

$30 000
$6600 per year
$18 000 every 5 to 8 y
The estimate of cost-effectiveness relative to
medical therapy is $54 100 per qualityadjusted life-year gained
Indicates good value in this patient
population (32)

evidence by reviewing all relevant studies. They provide the
basis for clinical guidelines developed by the ACP (17).
Systems for grading the quality of evidence also are
evolving (8 –11, 18 –25), led by such organizations as the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) Working Group; the U.S. Preventive Services Task Force; and the Agency for Healthcare
Research and Quality (18). These systems help clinicians,
patients, and policymakers understand how much confidence they can have in the estimates of harms and benefits
from the available literature.
Understanding Costs: Can an Expensive Drug Cost Less
Than an Inexpensive Drug?

The key principle in assessing costs is that the cost of
an intervention should include not only the cost of the
intervention itself but also any downstream costs, defined as
costs that occur as a result of the intervention. Downstream costs are included in this evaluation because they
would not have occurred had the intervention not been
done. For example, the cost of an HIV screening program
includes the cost not only of HIV testing but also of treating HIV in patients in whom HIV is diagnosed through
the screening program (26 –30).
Downstream costs may be very substantial, and an
analyst may underestimate the cost of an intervention if
downstream costs are not included in an assessment. In a
program to screen surgeons for HIV to prevent transmission of HIV to patients, treatment costs for surgeons represented approximately 30% of the total cost of the
program (31). Another example is implantation of an implantable cardioverter-defibrillator (ICD), which initially
costs at least $30 000 to $50 000. Use of an ICD also costs
approximately $6600 per year after implantation, as well as
additional costs for periodic replacement of the generator
every 5 to 8 years, which costs approximately $18 000 or
more (32). Routine imaging for low back pain is expensive
in part because it may lead to subsequent treatment costs
from invasive procedures, including surgery (2).
In addition to downstream costs, downstream savings also should be considered when assessing the costs
of an intervention. For example, consider patients with
nonvalvular atrial fibrillation who are candidates for anticoagulation. Although use of warfarin involves ongoing monitoring costs, the cost-savings from reduction in
strokes more than outweigh the costs of the drug and
monitoring; therefore, use of warfarin reduces total costs
in appropriate high-risk patients (33, 34). Warfarin also
costs less than aspirin in high-risk patients because of its
greater effectiveness. Thus, a drug that is more expensive (warfarin) can have lower long-term costs than a
less-expensive drug (aspirin). This example demonstrates that appropriate evaluation of the cost of an intervention includes downstream costs and savings
caused by the intervention, regardless of when these
costs and savings occur.
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Table 2. Cost, Benefit, and Value of Medical Interventions*
Cost

Net Benefit†

Value

Example Interventions

Study, Year (Reference)

High

High

Low

High

High or low; depends on the relationship
of costs and benefits
Usually high

High value: ICDs
High value: ART for HIV
High value: HIV screening‡

Sanders et al, 2005 (32)
Freedberg et al, 2001 (36)
Sanders et al, 2005 (26)
Paltiel et al, 2005 (27)
Paltiel et al, 2006 (28)
Sanders et al, 2008 (29)
Walensky et al, 2007 (30)
Khazeni et al, 2009 (37)

High

Low

Usually low

Low

Low

High or low; depends on the relationship
of costs and benefits

Intermediate

High, intermediate,
or low

High or low; depends on the relationship
of costs and benefits

High value: H1N1 influenza
vaccination
Low value: routine MRI for low back
pain
Low value: annual Papanicolaou
smears§
Low value: screening surgeons for
HIV to prevent transmission to
patients
See a registry of cost-effectiveness
for examples

Chou et al, 2007 (1)
Brown and Garber, 1999 (35)
Owens et al, 1995 (31)

The Center for the Evaluation of
Value and Risk in Health (38)

ART ⫽ antiretroviral therapy; ICD ⫽ implantable cardioverter-defibrillator; MRI ⫽ magnetic resonance imaging.
* The table groups interventions into categories (high, low, and intermediate) for the purpose of illustration; in practice, costs, net benefit, and value vary along a continuum.
† The degree to which benefits outweigh harms.
‡ High benefit for patients in whom HIV was diagnosed.
§ Compared with Papanicolaou smears every 3 y.

The question of how to assess whether interventions
that provide more benefits than harms provide high value
occurs when one intervention is both more effective and
more costly than an alternative intervention (29, 35–38).
For example, use of ICDs is more effective in preventing
sudden cardiac death than medical management in selected
patient populations (Tables 1 and 2). Whether the intervention is worth the additional expense is most commonly
answered by estimating the incremental cost-effectiveness
ratio (39), which is a measure of value. The ratio denotes
how much additional money is required to gain additional
health benefit when we move from a strategy that is less
effective to a strategy that is more effective. Table 2 demonstrates how cost, benefit, and value can vary among
interventions.
If an analysis demonstrates that an intervention is both
better and less expensive than an alternative, we say that
the intervention dominates the alternative. As previously
noted, in patients who have nonvalvular atrial fibrillation
and are at high risk for stroke, warfarin dominates aspirin
because it is more effective and has lower total costs than
aspirin (33, 34). Monitoring CD4 cell counts to manage
HIV in resource-limited settings, such as South Africa, improves health outcomes and reduces long-term costs owing
to reduced hospitalization for opportunistic infection and
therefore dominates antiretroviral management by clinical
symptoms alone (40). In both examples, an intervention
with higher up-front costs reduces long-term costs because
of downstream savings related to the intervention.
www.annals.org

These concepts are demonstrated in the Figure, which
shows 4 interventions represented by circles A through D.
Intervention A dominates intervention D because intervenFigure. Costs and benefits of 4 hypothetical interventions.

$65 000/QALY

C

B
$25 000/QALY
QALYs

INTERPRETING COST-EFFECTIVENESS ANALYSIS: WHAT IS
HIGH-VALUE CARE?

A

D

Cost, $

As the line between interventions becomes more horizontal, the costeffectiveness ratio becomes less favorable because costs are increasing
faster than benefits are. The slope of the line between 2 interventions
represents the reciprocal of the cost-effectiveness ratio. A lower incremental cost-effectiveness ratio denotes more favorable cost-effectiveness.
The lines between interventions A, B, and C are called the costeffectiveness frontier. Any intervention with costs and QALYs below and
to the right of the cost-effectiveness frontier would be dominated (such
as intervention D), or less cost-effective than interventions on the frontier. QALY ⫽ quality-adjusted life-year.
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tion A is both more effective and less expensive than intervention D. Therefore, we would not choose intervention D
if intervention A is a possibility. Intervention B is more
effective than intervention A but is also more expensive;
the incremental cost-effectiveness ratio of intervention B
relative to intervention A is $25 000 per QALY gained.
Thus, moving from intervention A to intervention B
would cause additional health benefit, and each additional
QALY gained would require $25 000 in additional expenditures. Intervention C is more effective and more expensive than intervention B and costs $65 000 per QALY
gained compared with intervention B.
The Cost-Effectiveness Threshold: How Much Is
Health Worth?

Which intervention to choose in the Figure depends
on the decision maker’s cost-effectiveness threshold. That
is, is the decision maker willing to pay $50 000, $100 000,
or more for an additional QALY? The choice of a costeffectiveness threshold is itself a value judgment by the
decision maker and depends on several factors (3, 41), including who the decision maker is. Different decision makers may have different cost-effectiveness thresholds. A consumer who is trying to decide whether to pay for a more
expensive drug may be more or less willing to pay for the
drug than an insurance company, another payer, or the
government would be.
If the government is the decision maker, the costeffectiveness threshold would reflect the consensus preferences of the citizens. In the United States, no such consensus exists. In the United Kingdom, the National Health
Service decides whether to pay for health interventions;
cost-effectiveness analyses performed by the National Institute for Health and Clinical Excellence also often inform
these decisions. The cost-effectiveness threshold reflected
in these assessments is often between £20 000 and £30 000
(approximately $30 000 to $50 000) per QALY gained
(42). The World Health Organization suggests that interventions that cost less than 3 times the per capita gross
domestic product per disability-adjusted life-year gained
are cost-effective and that interventions that cost less than
the per capita gross domestic product are very cost-effective
(43).
The choice of a particular decision maker’s costeffectiveness threshold depends on the decision maker’s
willingness to pay for better health outcomes, which in
turn depends on how he or she values heath outcomes and
money (3, 41). As evidenced by consumers’ choices of differently priced health insurance plans, people value health
differently. Garber and Phelps (41) used economic principles to demonstrate that, on the basis of plausible assumptions about values and risk attitudes, a cost-effectiveness
threshold in the range of twice a person’s annual income is
reasonable. Another important determinant of a person’s
choice of a cost-effectiveness threshold is his or her attitude
about risk (41). All else being equal, a person who is more

averse to the risk for mortality and morbidity would be
more willing to pay for health care and thus have a higher
cost-effectiveness threshold. Garber and Phelps’ analysis indicates that in a heterogeneous population (with varying
values about health, money, and risk), use of a single costeffectiveness threshold would cause some persons to receive
more health care than they would choose and others to
receive less.
The literature often cites a cost-effectiveness threshold
of $50 000 per QALY gained (44). This value, which has
neither theoretical nor empirical justification, was introduced in 1982 (45) and, if adjusted to current dollars,
would be more than $120 000 per QALY gained. A recent
analysis that evaluated the cost and benefits of modern
health care in the United States found that people have
been willing to pay for health care that costs approximately
$109 000 per QALY or more (44), which is substantially
higher than the $50 000 threshold. Whether this is a true
reflection of societal preferences given the multiple factors
that determine health care spending is not clear (46).
In general, most decision makers in the United States
will conclude that interventions that cost less than $50 000
to $60 000 per QALY gained provide high value. However, the often-cited threshold of $50 000 per QALY
gained may be lower than what many decision makers
would choose. Our goal is not to specify a particular
threshold, but to recognize that decision makers will need
to choose a threshold that is consistent with their values
and resources.
Best Practice Advice for Providing High-Value
Health Care

A first step toward providing high-value health care is
to decrease or discontinue the use of interventions that
provide no benefit, such as routine rather than selective
imaging in patients with low back pain (1, 2). While developing guidelines for the ACP, we will highlight interventions that provide little or no benefit and, thus, are
likely to be of low value.
A second step is to ensure that we provide interventions that are both effective and decrease costs, such as the
use of warfarin in high-risk patients with nonvalvular atrial
fibrillation. In the United Kingdom, the National Institute
for Health and Clinical Excellence has identified numerous
guidance recommendations that may decrease costs, such
as better selection of antihypertensive drugs (47). A registry
of cost-effectiveness analyses also contains interventions
that are cost-saving (38).
For interventions that provide additional benefit at additional cost, we recommend assessing their value to patients and society by using cost-effectiveness analyses. Such
analyses require specialized expertise and training, are often
expensive, and thus are typically performed by investigators. The ACP has previously recommended the inclusion
of cost-effectiveness analysis in CER (48), and we reiterate
the importance of the development of such evidence:
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Evaluation of the cost-effectiveness of interventions provides important additional information for patients and
clinicians.
We emphasize that the cost-effectiveness of an intervention should not solely determine its use. There
may be ethical or justice-related reasons to provide interventions that do not achieve generally accepted levels of
cost-effectiveness; such considerations may outweigh economic concerns. However, we argue that cost-effectiveness
should be one factor among others that receives consideration. Higher-cost care does not always mean greater benefit for patients; therefore, we should focus on the value
that care provides.

CONCLUSION
The unsustainable increase in health care costs will
continue to cause profound changes in health care delivery.
To preserve quality, we recommend careful assessment of
both benefits and costs of interventions rather than focusing on either aspect alone. Evaluation of the effectiveness
of interventions should include an analysis of both benefits
and harms and use the best available evidence for each.
In assessing the costs of an intervention, we should
consider its downstream costs and savings. For interventions that are better but cost more, we should evaluate their
cost-effectiveness, an important approach to assessment of
value. Considerations of equity or ethics may primarily
determine an intervention’s use in certain situations, but
value will be highly relevant for many interventions. The
successful delivery of high-value care will depend greatly on
developing evidence to help understand which services provide good value and on engaging clinicians (49), policymakers, and patients in efforts to promote high-value care.
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Appendix Figure. Extended dominance.
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APPENDIX
Value
We use value to reflect an assessment of whether the benefits
of an intervention justify its costs. Value is sometimes used in the
decision-making and quality-of-life literature to refer to the importance that patients (or society) place on a health state.
Cost–Benefit Analysis
Cost– benefit analysis differs from cost-effectiveness analysis
in that health outcomes are also expressed in dollars rather than
in units of health. Thus, both the costs and the benefits of an
intervention are expressed in dollars, and determining whether
the benefits outweigh the costs is clear. Alternative methods are
available for assessing health benefits in terms of dollars; however,
because of the challenges inherent in assigning a monetary value
to health outcomes, cost– benefit analysis has been used less frequently than cost-effectiveness analysis in health care settings.
Incremental Cost-Effectiveness Ratio
The incremental cost-effectiveness ratio is defined as the difference in costs divided by the difference in health benefit when
2 strategies are compared. For example, an analysis evaluating the
cost-effectiveness of ICDs compared with medical therapy would
use the following formula to determine the incremental costeffectiveness ratio:
Costs With ICD ⫺ Costs With Medical Therapy
Benefit (QALYs) With ICD ⫺ Benefit (QALYs)
With Medical Therapy
It is important to distinguish the incremental cost-effectiveness
ratio from the average cost-effectiveness ratio; the latter is simply
the cost of an intervention divided by the benefit. The average
cost-effectiveness ratio can provide misleading estimates of the

The cost-effectiveness ratios of interventions are shown on the lines between the interventions. Intervention E costs $35 000 per QALY gained
relative to intervention A. Intervention B costs $15 000 per QALY
gained relative to intervention E. Intervention D is dominated. Intervention E can be eliminated through extended dominance. QALY ⫽
quality-adjusted life-year.

resources required to adopt a strategy and should not be used for
decision making.
Dominance and Extended Dominance
The Figure demonstrates the concept of dominance. A
dominated intervention is more expensive and less effective than
another intervention. The Appendix Figure denotes another possible situation in which we show interventions A, B, C, and D as
in the Figure, but we now also include intervention E, which is
to the right and below the cost-effectiveness frontier.
In the Appendix Figure, intervention E is better than intervention A and more expensive but not as good or costly as
intervention B. Unlike intervention D, which is dominated, no
intervention is both better and less expensive than intervention E.
In general, we would never choose intervention E; if our costeffectiveness threshold were more than $35 000 per QALY
gained, which would be necessary to choose intervention E over
intervention A, we would always choose intervention B, which is
better than intervention E and more cost effective ($25 000 per
QALY gained rather than $35 000 per QALY gained). In this
situation, we say that intervention E should not be chosen
because we can eliminate it through extended dominance. In
summary, we would not choose intervention D because intervention A is better and less expensive (strict dominance), and
we would not choose intervention E because intervention B is
better and has a more favorable cost-effectiveness ratio (extended dominance).
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