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Abstract
Objective—To illustrate how the Analytic Hierarchy Process (AHP) can be used to promote shared
decision-making and enhance clinician-patient communication.

Methods—Tutorial review.

Results—The AHP promotes shared decision making by creating a framework that is used to define
the decision, summarize the information available, prioritize information needs, elicit preferences
and values, and foster meaningful communication among decision stakeholders.

Conclusions—The AHP and related multi-criteria methods have the potential for improving the
quality of clinical decisions and overcoming current barriers to implementing shared decision making
in busy clinical settings. Further research is needed to determine the best way to implement these
tools and to determine their effectiveness.

Practice Implications—Many clinical decisions involve preference-based trade-offs between
competing risks and benefits. The AHP is a well-developed method that provides a practical approach
for improving patient-provider communication, clinical decision-making, and the quality of patient
care in these situations.
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1. Introduction
To do good work, one must first have good tools

Confucius

In most current health systems patient management decisions are extremely complex. As
illustrated by the diagram in Figure 1, within the constraints imposed by the local health care
system, the clinical circumstances, the working knowledge base, the patient’s preferences and
values, and the preferences and values of other stakeholders all influence patient care decisions.
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The clinical circumstances include the nature of the problem, its severity and acuity, and the
health care setting where the decision is being made. The working knowledge base includes
what the patient and the clinician know about the problem and any additional information
obtained from other sources. The patient’s preferences and values are most important in
situations where there is no clearly preferred course of action (clinical equipoise) 1, but a good
argument can be made that they play an important role in every patient management decision.
2–5 Finally, the preferences and values of other involved parties also affect patient management
decisions. This group of additional stakeholders always includes the current health care
provider and frequently also includes family members and friends.

2. Quality of care
The quality of care delivered within a health system depends on how well individual patients
are managed. In the complex environment of modern health care, the best way to promote high
quality patient care is to adopt patient-centered approach.

Patient-centered care is consistent with the respect for human dignity and the uniqueness of
every individual that underlie contemporary ethical and moral standards of health care. 6–8
There is evidence to suggest that patient-centered care, especially if patients are empowered
to take an active part in their care, results in better decisions, improved patient outcomes,
enhanced patient and provider satisfaction, and more efficient and effective use of health care
resources. 9–14

The five characteristics of patient-centered care defined by Mead and Bower are shown in
Table 1. 15, 16 An important component of this model is the sharing of power and responsibility
between doctor and patient or, in other words, shared decision-making. 15–17

3. Shared decision-making
Shared decision making has been defined as “…a collaborative endeavor in which patient and
physician share not only information and intuitions but the making of decisions.” 5 Essential
elements of a shared decision making process are summarized in Table 2. 18 The clinical
decision makers need to arrive at a joint understanding of the goal, the available options, and
how to identify which option is best. They also need to assess and compare their preferences
regarding any necessary tradeoffs and to integrate all of these considerations into a mutually
agreeable decision that can then be carried out. Clearly, effective communication among all
those involved is crucial for the clinical implementation of the shared decision-making process.

4. Implementing patient-centered care and shared decision-making
Both patient-centered care and shared decision-making are relatively new concepts that are not
fully integrated into the organizational culture of many health care settings. There are several
well-known barriers to implementing shared decision-making including the complexity of the
task, lack of time 19, and missing information. 1, 20

The standard approach to promoting clinical shared decision-making has been the development
and use of patient decision aids. Patient decision aids have been shown to improve patient
knowledge, satisfaction, and participation in the decision making process. 21 However they
are not well suited for actively facilitating communication between the clinician, the patient,
and other involved stakeholders about all essential elements of a decision. To effectively
implement clinical shared decision-making, it is especially important to identify and discuss
differences in values and preferences and their effect on medical decisions because we know
that in many cases the decision priorities of doctors and patients differ. 22–24 The development
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of methods that will promote efficient and effective communication among all involved
stakeholders is, therefore, a high priority topic for shared decision-making research.

5. Multi-criteria decision making
There is good evidence that people have difficulty making consistently good decisions when
faced with unfamiliar problems involving value-based trade-offs between the advantages and
disadvantages of two or more options. 25, 26 Many medical decisions meet this description.
To help people make better decisions in these circumstances, a number of multi-criteria
decision-making methods have been developed. These techniques are specifically designed to
help people make better choices that are consistent with their preferences and values. They are
especially useful in situations that involve two or more decision makers, a mixture of tangible
and intangible considerations, or both. 27, 28 As shown in Table 2, the steps involved in using
a multi-criteria method are analogous to the essential elements of a shared decision making
process. This similarity suggests that multi-criteria methods can be used as the basis for a new
generation of clinical decision support systems that will facilitate the clinical implementation
of high quality shared decision-making.

6. The Analytic Hierarchy Process
The Analytic Hierarchy Process (AHP) is perhaps the most well known and widely used multi-
criteria method. It has firm theoretical underpinnings and has been used successfully to help
people make better decisions in a wide variety of complex circumstances. 29–32 A main
strength of the AHP is that it is both methodologically sound and user-friendly. Its ease of use
is due to a unique combination of design characteristics. The AHP frames a decision as a
hierarchy, an organizational framework many people are already familiar with and easy to
explain to those who are not. All inputs consist of comparisons between just two decision
elements at a time; pairwise comparisons like these are generally considered to be one of the
best ways to elicit judgments from people. 33 The output is easy to understand because it is
based on simple scales derived from the pairwise comparisons. Finally, there is a built-in
measure of the consistency of the judgments being made which both checks the reliability of
the analysis and reduces the chance of making a procedural mistake.

7. Performing an AHP analysis
An AHP analysis consists of the six steps listed in Table 3.

To illustrate the process, imagine that a decision needs to be made about which of three drugs
– Drug A, Drug B, or Drug C – is the best option for initial treatment of a chronic medical
condition. The information you have available is summarized in Table 4.

7.1. Define the decision elements and the working knowledge base
The first step consists of two parts. The first is to define the elements of the decision: the goal,
the options to be considered, and the criteria that will be used to determine how well the options
meet the goal. The second part consists of examining the working knowledge base to see if
there is a dominant option that is clearly better than the others across all of the decision criteria.

Let’s assume that the decision makers agree that the goal is to pick the best initial treatment,
the four criteria contained in the table will be used to compare the options, and the only options
to be considered at this time are Drugs A, B, and C. A review of the working knowledge base
contained in the table reveals that in this case there is no dominant option: Drug A is best in
terms of cost, Drug B is best in terms of effectiveness, and Drug C is best in terms of safety.
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Thus, choosing a drug will involve making tradeoffs between decision criteria and a full multi-
criteria analysis needs to be performed.

7.2. Construct the decision model
The next step is to arrange the decision elements into a hierarchy. The model for the example
is shown in the unshaded parts of Figure 2. The goal is at the top, the options at the bottom,
and the criteria in between. (The shaded level will be used later to illustrate variations in how
the model can be used to explore different scenarios.)

7.3. Decompose and make pairwise comparisons to determine local priorities
The decision is analyzed by dividing it into smaller parts and making comparisons between
the decision elements on lower levels of the hierarchy relative to each of the elements on the
next higher level. Every possible pair of lower-level elements is compared; each set requires
n(n-1) comparisons.

All comparisons are made using the procedure summarized in Table 5. The decision maker is
first asked if the two elements being compared are equally important, likely, or preferred
relative to the referent element on the next higher level of the hierarchy. (The specific wording
of the question is chosen so it is appropriate for the comparison being made.) If they are equal,
no further input is needed. If one is better, the decision maker indicates how much more
important, likely, or preferable they think it is. These relative judgments can be done
numerically, verbally, or graphically. Examples of each format are included in the table. After
the judgments are completed, they are converted to a 1–9 scale and entered into a comparison
matrix.

The comparison matrix is used to determine the relative abilities of the compared elements to
satisfy the referent criterion or goal. The standard method is to calculate the normalized right
principal eigenvector of the matrix. This matrix algebra procedure is conceptually equivalent
to taking the mean of the direct and indirect relationships among the comparisons contained
within the matrix. The eigenvector is calculated by raising the matrix to successive powers and
is then normalized. Detailed descriptions of how to perform this calculation and several
approximate methods have been published previously and are available from the author on
request. 34 The result is a ratio scale that indicates how well each compared element satisfies
the referent criterion or goal. Because the scale is normalized, all scores add to 1 or 100%.

When all the pairwise comparisons are completed, scales have been created that indicate the
relative priorities of the criteria in meeting the goal, the priorities of any sub-criteria in
satisfying parent criteria, and how well the options satisfy the criteria. These results are
illustrated in Table 6, which shows the results of comparisons made among the alternatives
and criteria of our example.

In addition to creating the scale, the comparison matrix is used to calculate a measure of the
consistency of the judgments it contains called the consistency ratio. Consistency refers to the
property that if X is judged two times more important than Y, and Y is judged two times more
important than Z, then, X should be judged four times more important than Z. The AHP does
not require perfectly consistent judgments but, to ensure the reliability of the analysis, they
should be close. The consistency ratio compares the consistency of the judgments within the
matrix with those of a completely random matrix. Consistency ratios range between 0 and 1,
with 0 indicating perfect consistency. The standard definition of acceptable consistency is a
consistency ratios ≤ 0.10. In certain applied settings, a ratio ≤ 0.20 is acceptable. 35 The
consistency ratios for the example comparisons are listed in Table 6.
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7.4. Synthesis
The next step is to combine the scales created through the pairwise comparisons to determine
how well the options can be expected to meet the goal. There are two methods for doing this:
distributive synthesis and ideal synthesis.

If the objective of the analysis is to rank order the options, the distributive method is used. Data
regarding the options and criteria are combined using a weighted additive model that is
analogous to the formula for calculating a weighted average.

If the objective is to identify a single best option, the ideal method is used. In this case, the best
option for each criterion is given the full weight of the criterion and the other options are
weighted proportionally. The resulting ideal weights are then combined with the criteria
priorities using a weighted additive model identical to the one used in the distributive synthesis
mode. Examples of both synthesis modes are shown in Table 6.

7.5. Sensitivity analysis
If desired, it is then possible to do a range of sensitivity analyses to determine how different
judgments or assumptions affect the analysis.

7.6. Make a decision
The last step is to either make a decision or go back and refine the analysis until everyone is
satisfied that a decision can be made.

8. Variations
The explicit approach provided by the AHP makes it possible to examine how different
viewpoints affect the results. For example, when there are multiple decision makers involved,
it is possible to create separate analyses for each person and compare the results. Adding the
upper shaded part of Figure 2 to the basic model shows how the medical treatment model could
be structured to show the priorities and preferences of the patient and the clinician separately.
This approach can identify areas where patients and clinicians disagree and determine how the
differences impact the results of the decision. In this way, important areas for further
exploration and dialog can be identified.

Future uncertainties can be addressed by comparing the results of scenarios that vary the
likelihoods of different outcomes. An example of this type of decision model is shown in the
lower shaded part of Figure 2.

Many additional variations are possible. Interested readers are directed to collections of AHP
models published by Saaty and others for additional information. 36 More specific examples
of how the AHP can be used to discuss treatment options with a patient and to create and
disseminate practice guidelines within a health system have been published previously. 37, 38

9. The AHP and Medical Decision Making
The AHP has been successfully applied to a variety of clinical decisions. Figure 3 shows the
model used in our first study that involved asking patients and physicians to complete an AHP
analysis. In the days before therapeutic endoscopy, we interviewed patients who were
hospitalized for upper gastrointestinal bleeding and a group of primary care physicians. Both
groups completed a full AHP analysis using a laptop computer. We found that the doctors and
the patients disagreed about the decision priorities. While both groups indicated that avoiding
a poor outcome was the most important consideration, the patients thought that identifying the
cause of bleeding was next most important whereas the doctors thought avoiding test
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complications was. A second major finding was that it was not hard for ordinary patients and
physicians to complete successfully a moderately complex AHP analysis. 23

The next study tested the hypothesis that patients can successfully use the AHP to analyze a
realistically complex clinical decision. We asked a group of patients recruited from a medical
clinic population to complete an AHP analysis regarding colorectal cancer screening for
patients with a family history of colorectal cancer. Once again, we found that the majority of
patients were able to complete the analysis with little difficulty and were overwhelmingly
positive about the experience. 39

The findings of these two early studies were then confirmed in a study that compared the
opinions of obstetricians, pediatricians, and pregnant women regarding two different
guidelines for the prevention of neonatal group B streptococcal infections – one issued by the
American College of Obstetrics and Gynecology and the other by the American Academy of
Pediatrics. The model used for this study is shown in Figure 4. The priorities of all three groups
differed. The obstetricians favored the obstetric guideline and the mothers and pediatricians
favored the pediatric guidelines, but for different reasons. Once again, both the mothers, who
were from a high-risk obstetric clinic population, and the doctors were able to complete the
analysis with little trouble and were very positive about the experience. 24

Our next study compared an AHP-based patient decision aid for colorectal cancer screening
with a simple educational intervention in a randomized controlled trial. 40 The model used in
this study is shown in Figure 5. Patients in the AHP group had lower decisional conflict scores,
implying a better decision-making process. The majority of patients in the AHP group was
able to complete the analysis without difficulty and indicated that they liked the experience
and thought it should be used routinely. There were no differences, however, in subsequent
screening-related outcomes. Because physicians’ recommendations have a strong influence on
colorectal cancer screening41–44, this finding may have been due to the lack of decision
support given to the physicians of the patients who were in the study.

Other patient-based applications of the AHP that are currently being developed include a
decision aid to help women who have had a caesarian section decide whether to attempt a
vaginal birth for a subsequent delivery and AHP-based surveys of patient preferences for
rehabilitative treatments. 45–48 The AHP has also been used to address a variety of health care
planning and administrative issues. 49, 50 A comprehensive review of the AHP in medical and
health care decision making has been published recently. 51

10. Current Research Issues
10.1 AHP theory

Over the past 20 years numerous studies have addressed various aspects of AHP theory. Earlier
questions about the validity of the technique have been largely resolved. 31 Currently, the most
important practical questions relevant to the use of the AHP to support medical decision-
making are whether it is possible to speed up the process without compromising the results
and if the assumptions that justify the use a hierarchical model are appropriate.

In addition to the Analytic Hierarchy Process there is a more general application of the theory
called the Analytic Network Process (ANP). Instead of a hierarchy, the ANP uses a network
model structure. This change makes it possible to make fewer assumptions in the analysis but
requires even more pairwise comparisons. 52, 53 It is currently unknown whether the benefits
of the ANP approach outweigh the additional effort required.
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10.2. Can the AHP help patients and other clinical decision makers manage the emotional
aspects of medical decisions?

Many medical decision making situations provoke powerful emotional responses. Recent
research has shown that emotions can influence decision-making and sometimes cause decision
makers to make choices that are inconsistent with their values and preferences. 54

The use of the AHP may help people mitigate the deleterious effects of emotions on decision
making. Because the AHP can readily incorporate intangible considerations into the decision
making model, emotional factors can be defined and explicitly incorporated into the decision
making process. It is also possible that simply making the decision making process more
explicit, transparent, and deliberate will reduce the negative influence of emotions on clinical
decisions. Investigation of the interplay between decision aiding interventions and the
emotional aspects of medical decision-making is a high priority area for future research.

10.3. The role of other multi-criteria methods
In addition to the AHP and the ANP, there are a number of other multi-criteria methods that
use different strategies to accomplish the same goals. They vary in complexity, format, and
theoretical basis. 27, 28 Little is known about the comparative effectiveness of these methods
for supporting shared medical decision-making.

10.4. Implementation
Another issue is how to implement multi-criteria-based decision aids. One question is how to
best integrate them into the clinical flow of events. Another is whether the results of single
decision support method are reliable enough to adequately inform decision-making for high-
stakes decisions. Some authors have argued that, for truly important decisions, multiple
methods should be used to make sure they all yield the same results – a process called plural
analysis. 55, 56 Whether this is needed for important medical decisions is currently unknown.

10.5. Do the benefits justify the costs?
Finally, it is not known how much value is gained by using sophisticated multi-criteria methods
instead of less complicated decision aids. 57 A related issue is whether every decision requires
an expensive customized decision aid or if a more generic decision aid that can be easily adapted
for a range of similar problems will work just as well. Because most currently used evaluation
tools primarily address the outcome of the decision making process but not the process itself
58, 59, resolution of these issues will require the development of better methods for comparing
the effects of different decision support methods on the clinical decision making process.

11. Discussion and Conclusion
11.1 Discussion

Shared medical decision making is an essential element of high quality patient care. Effectively
implementing shared decision making in clinical settings will require the use of tools that
enable patients, clinicians, and other involved decision makers to communicate effectively
about the nature of the decision, the information available, the considerations that should be
incorporated into the decision making process, values, preferences, and trade-offs. There is a
close match between these tasks and the capabilities of the AHP and other multi-criteria
methods.

11.2 Conclusion
The promising results obtained so far in applying the AHP to clinical problems suggest that
the AHP and similar methods can be used to create decision aids that will simplify and expedite

Dolan Page 7

Patient Educ Couns. Author manuscript; available in PMC 2009 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the shared decision making process, supply the information medical decision makers need in
a format they can use, and help persuade reluctant doctors, patients and health care systems
that shared decision making is an effective, efficient, and feasible approach to providing
patients with care of the highest quality.

11.3 Practice implications
Many clinical decisions involve preference-based trade-offs between competing risks and
benefits. The AHP and other multi-criteria decision-making methods are well-developed tools
that provide a practical approach for improving the quality of clinician-patient communication,
clinical decision-making, and the patient care in these situations.
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Figure 1. A model of clinical decision-making
Footnote: Adapted from Haynes and Devereaux. 60 Other stakeholders may include: other
health care providers, family members, friends, health care system administrators, and health
care policy makers. See text for details.
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Figure 2. AHP decision model with optional variations showing different perspectives and how to
explore the effects of uncertainty
Footnote: The basic AHP model is shown in the clear boxes on levels 1, 3 and 4. The model
can be enlarged to explore the effects of different perspectives by performing separate analyses
from different points of view. This is illustrated by adding the upper part of the shaded boxes
on level two. In this model separate analyses would be performed from the perspective of both
the patient and the clinician. Similarly the model can be enlarged to explore the effects of future
uncertainty. This is illustrated using the lower part of the shaded boxes on level 2. This model
would compare the options under two different scenarios: benign disease and aggressive
disease. See text for further details. Abbreviations: Admin = Ease of Administration.
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Figure 3. AHP gastrointestinal bleeding diagnosis model. 23
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Figure 4. AHP Management of neonatal group B streptococcal sepsis model. 24
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Figure 5. AHP model used in colorectal cancer screening decision aid study. 40
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Table 1
The five dimensions of patient-centered care [7,8]

The biopsychosocial perspective

Understanding the patient as a person in his or her own right

Sharing power and responsibility between doctor and patient

Building a therapeutic alliance (relationship)

Understanding the doctor as a person, not merely a skilled technician
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Table 2
Steps in a shared decision making process & the AHP

Shared decision making * Analytic Hierarchy Process

Definition of the problem & options available Create a decision model that contains the decision goal, the options being considered, and the
criteria used to determine how well the options are likely to meet the goal

Review of options’ pros and cons Pairwise comparisons regarding how well the options satisfy the criteria

Elicitation of patient values and preferences Pairwise comparisons to prioritize factors affecting the decision (the decision criteria)

Clinician recommendations Review results using the clinician’s perspective

Review of patient’s ability to implement plan Include feasibility as a decision criterion

Check for clarity and understanding Detailed review of model results, sensitivity analyses if indicated

Make a decision or defer until later Use results to inform the decision making process
*
Adapted from [18]
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Table 3
Steps in the Analytic Hierarchy Process

1. Define the decision elements:

• goal of the decision,

• the options, and

• the criteria for determining how well the options meet the goal.

2. Construct decision model

3. Decompose the decision into smaller parts

• Compare importance of criteria in achieving goal

• Compare alternatives’ abilities to meet the criteria

4. Synthesis: How well can alternatives be expected to meet goal?

5. Sensitivity analysis

6. Make decision or refine the analysis
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Table 4
Drug comparison information

Drug Risk of side
effects

Ease of
administration

Effectiveness Monthly
price

A 1% 1 tablet twice a day 85% $5 *

B 5% 1 tablet daily * 90% * $50

C 0.5% * 1 tablet daily * 75% $25

*
Preferred option for each criterion.
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Table 5
The AHP pairwise comparison process
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*
The referent decision element refers to the element on the next higher level of the hierarchy that is serving as the basis for the comparisons.

†
The comparison term is chosen to fit the context.

‡
In option 3a, as illustrated by the sequential arrows, the length of the top line representing the preferred option is extended until its length, relative to the

line representing the less-preferred option.

§
In option 3b, a vertical line is made to the left or right of the midline to indicate which option is preferred and the degree of preference.

□
This matrix shows the results of comparing decision elements A, B, and C. The cells indicate the comparison of the row element versus the column

element. Direct comparisons are entered in the upper right triangle. Reciprocals are used to fill the corresponding cells in the shaded left lower triangle.
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Table 6
Results of example pairwise comparison process. *

Risk of side
effects (0.31)

Ease of
admin
(0.16)

Effectiveness
(0.36)

Price
(0.20)

Score
Distrib

synthesis

Score
Ideal

synthesis

Drug A 0.31 0.25 0.37 0.60 39.5% 38.0%

Drug B 0.19 0.375 0.41 0.12 29.2% 30.6%

Drug C 0.50 0.375 0.24 0.28 31.3% 31.4%

CR 0.02 0.00 0.00 0.04 0.01 0.01
*
The numbers in parentheses under the criteria indicate their priorities relative to the goal. The numbers in the columns indicate the judged relative abilities

of the three options to meet the criteria. Abbreviations: Ease of admin = ease of administration; CR = consistency ratio; distrib = distributive
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